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Abstract
Integrins are cell surface receptors, consisting of a heterodimer of an a and a P subunit.
The extracellular domains confer binding specificity to ligands such as extracellular
matrix proteins and cellular counter-receptors. The short intracellular portion is
associated with molecules that are known to play a role in signal transduction; hence
integrin ligation provides a mechanism by which cells can respond to their immediate
environment and profoundly affect cell functions such as survival, proliferation and
commitment to differentiation.
Normal stratified epithelia express the avp5 integrin, but in squamous cell carcinomas
(SCCs) there is a downregulation of a v p s and an upregulation of avP6. To investigate
the significance of this change we studied a human SCC cell line, H357, that lacks ocv
integrins. Transduction of H357 cells with an ocv expressing retrovirus resulted in cell
surface expression of avp5. Unlike the parental cells avP5 expressing cells underwent
suspension-induced apoptosis (anoikis), which could be inhibited by avPS ligation.
Introduction of the P6 subunit resulted in replacement of the a v p s with avP 6 and
suppressed anoikis. Cells that were resistant to anoikis activated PI3-kinase signalling in
suspension, as measured by PKB/Akt phosphorylation, whereas avp5 expressing cells
did not. Anoikis could be induced in parent and avp6 cells by inhibition of PI3-kinase.
Conversely, activation of Akt in avp5 expressing cells suppressed anoikis. Anoikis
required the cytoplasmic domain of P5 and was independent of the death receptor
pathway. These results suggest that downregulation of avP5 and upregulation of avp6
may protect SCCs from anoikis by activating a PI3-kinase survival signal.
Normal primary kertinocytes differentiate rather than apoptose when placed in
suspension. It appears that caspases are also activated within 2 hours of the onset of
epidermal cell differentiation and that caspase activation and differentiation are inhibited
by a PI3-kinase inhibitor while an active Akt construct drives differentiation.

Acknowledgements
First and foremost, Fiona. Your extraordinary optimism in the face of adversity has been
a lesson in both science and life. Thank you for everything. Second all those excellent
(and patient) scientists of the keratinocyte lab. Without you all I’d have been returned to
the wards years ago. Particular thanks go to Dave O, Kaz, and Karen for their molecular
biology tuition - it wasn’t your teaching that was the problem; and Simon, Liz, Richard,
Robin, Douglas and Josema for their cell biology and reagents. I think the whole lab has
helped me over the 3 years, so thanks to, (in order of age), Dave P (sorry), Arto, Tadashi,
Teresa, Catherin, Ro, Teresa, Kristin, James, Lisa, Kim, Soline, Ryan, Sally, Carolina,
Violeta, Cris, and Ela (I know your not that young but thanks for your powerpt. skills).

LIF is an amazing place to work and I have truly taken advantage of the services
provided. An especial thanks to Derrick, Cathy, Ayad and Gary in FACs and George, and
his amazingly helpful histopathology unit.

Thanks to Mum, Dad and Soph. Another degree (I hope) - I’ll have to start work soon.

Finally, thanks to Mei-Lin and little Sammy (aged ‘one two’) for everything. This thesis
is dedicated to you both.

TABLE OF FIGURES..........................................................................................................13
Chapter 1 .....................................................................................................................................13
Chapter 3 .....................................................................................................................................13
Chapter 4 .....................................................................................................................................14
Chapter 5 .....................................................................................................................................15
Chaper 6 ......................................................................................................................................16

LIST OF TABLES................................................................................................................ 17
CHAPTER 1........................................................................................................................... 20
INTRODUCTION................................................................................................................. 20
1.1 O verview .................................................................................................................................20
1.2 Integrins .................................................................................................................................. 21
1.2.1 Integrin structure.............................................................................................................21
1.2.2 Integrin signalling.......................................................................................................... 23
1.2.3 Integrin and growth fa cto r co-operation...................................................................25
1.3 T he structure and function of skin ............................................................................. 27
1.3.1 The epiderm is...................................................................................................................27
The Basal L ayer....................................................................................................................27
The Spinous Layer................................................................................................................ 28
The Granular Layer..............................................................................................................28
The Comified Layer.............................................................................................................29
1.3.3 Epidermal proliferation.................................................................................................29
1.3.4 Sqamous Cell Carcinomas o f the sk in ....................................................................... 30
1.4 Keratinocyte Integrin E xpression ...............................................................................32
1.4.1 Normal epidermal integrin expression...................................................................... 32
1.4.2 Integrin expression in Squamous Cell C arcinom as............................................... 32
1.4.3 The a v integrins in normal kératinocytes and Squamous Cell Carcinomas ...3 3
1.4.4 The role ofccv in Squamous Cell C arcinom as......................................................... 35
1.5 Keratinocyte Integrin F u n ctio n .................................................................................. 37
1.5.1 Keratinocyte adhesion and m igration ..................................................................... 37

1.5.2 Epidermal stem cells............................................................................................. 38
A stem cell’s decision: mechanisms of commitment to differentiation................ 40
1.5.3 Integrins and terminal differentiation.................................................................44
1.6 A n o i k i s ......................................................................................................................... 46
1.6.1 Anoikis and cancer............................................................................................... 46
1.6.2 The intrinsic death pathway................................................................................. 48
1.6.3 The extrinsic death pathway................................................................................. 49
1.6.4 Integrins and control o f cell survival and death................................................ 50
Integrin binding inhibits cell death........................................................................... 50
Unbound integrins promote cell death...................................................................... 52
The role of PI3-kinase and Akt in integrin mediated cell survival........................ 52
The role of FAK in integrin mediated cell survival................................................ 53
1.8 A im s

o f t h is t h e s i s ................................................................................................................................. 55

CHAPTER 2...........................................................................................................................64
MATERIALS AND METHODS........................................................................................64
2.1

C e l l B i o l o g y .............................................................................................................64

2.1.1 General solutions.................................................................................................. 64
Phosphate buffered saline (PBS, CR-UK)............................................................... 64
Tris Buffered Saline (TBS)....................................................................................... 64
HEPES buffer............................................................................................................. 64
2 X KBS for Calcium Phosphate Co-precipitationTransfection............................. 65
EDTA solution (versene, CR-UK)........................................................................... 65
Trypsin solution (CR-UK)........................................................................................ 65
Mitomycin C stock solution...................................................................................... 65
Puromycin Stock solution..........................................................................................66
Polybrene Stock solution...........................................................................................66
2.1.2 Cultured cell types................................................................................................ 66
2.1.3 J2-3T3 and J2-3T3 Puro Cell Culture................................................................ 66
J2-3T3 and J2-3T3 Puro culture medium (E4+DCS)..............................................67
Freezing and thawing of cells................................................................................... 67

2.1.4 Culture o f human epidermal kératinocytes......................................................... 67
Isolation of primary human kératinocytes...................................................................... 67
Keratinocyte culture medium (FAD+FCS+HICE)...................................................... 68
Preparation of J2-3T3 cells as feeder c e lls .....................................................................69
Serial culture of human kératinocytes............................................................................. 69

2.1.5 Culture o f Squamous Cell Carcinoma cells.........................................................70
2.1.6 Culture o f Mandin-Darby Canine Kidney cells.................................................. 70
2.1.7 Retroviral Producer Cells..................................................................................... 70
Retroviral producer cell culture........................................................................................ 70
Transfection of phoenix cells.............................................................................................71

2.1.8 Infection o f AM 12 cells..........................................................................................71
2.1.9 Infection o f Kératinocytes and SCC cells............................................................ 72
2.1.10 Manipulation o f cultured kératinocytes............................................................. 72
2.2 A ssays of differentiation ................................................................................................ 73

2.2.1 Detection o f markers o f differentiation................................................................ 73
Fluorescence M icroscopy...................................................................................................73
Flow cytom etry.....................................................................................................................74
Western B lottin g.................................................................................................................. 74

2.2.2 Suspension culture to induce anoikis or differentiation.....................................74
PolyHEMA coating of d ish es............................................................................................74
Methyl cellulose medium.................................................................................................... 74
Suspension culture................................................................................................................ 75

2.2.3 Anchorage Independent Growth.......................................................................... 75
2.3 A ssays for apoptosis .......................................................................................................... 75

2.3.1 Sub-Gl Analysis.....................................................................................................75
2.3.2 TUNEL (terminal deoxynucleotidyl transferase-mediated dUPT nick endlabeling) assay fo r apoptotic cells.................................................................................76
2.3.3 Nuclear Morphology..............................................................................................76
2.3.4 Annexin V staining................................................................................................. 76
2.3.5 Labelling active caspases...................................................................................... 77
2.4 A dhesion A s s a y s ...................................................................................................................77

2.4.1 Vitronectin Preparation........................................................................................ 77
2.4.2 Cell Attachment Assay.......................................................................................... 78
2.5 I mmunological Methods .........................................................................................79
2.5.1 General solutions...................................................................................................79
Paraformaldehyde solution........................................................................................79
Formol saline (Prepared by CR-UK)........................................................................ 79
Gelvatol mounting solution........................................................................................79
2.5.2 Immunofluorescence Staining.............................................................................. 81
Preparation of cells.....................................................................................................81
Fixation of cells.......................................................................................................... 82
Preparation of cryosections of human skin.............................................................82
Immunofluorescence staining protocol - sections.................................................. 82
Immunofluorescence staining protocol - cells......................................................... 83
2.5.3 Flow cytometry...................................................................................................... 84
2.6 B iochemistry...............................................................................................................84
2.6.1 Extraction o f proteins........................................................................................... 84
Extraction of proteins for Western blot analysis......................................................84
EGA protein assay...................................................................................................... 85
2.6.2 SDS-PAGE.............................................................................................................86
Laemmli sample buffer.............................................................................................. 86
SDS-PAGE running buffer........................................................................................86
Polyacrylamide Gel Electrophoresis (SDS-PAGE)............................................... 86
2.6.3 Western Blotting....................................................................................................88
Semi-dry transfer........................................................................................................ 88
Semi-dry transfer buffer............................................................................................ 88
Protocol........................................................................................................................88
Wet Transfer...............................................................................................................88
Transfer buffer............................................................................................................88
Protocol........................................................................................................................88
Probing blots with antibodies and detection using ECL..........................................89
2.7 M olecular B iology...................................................................................................90

2.7.1 General Solutions fo r Bacterial Culture..............................................................90
L-broth (CRUK)......................................................................................................... 90
L-agar (CRUK).......................................................................................................... 90
Ampicillin stock solution........................................................................................... 90
Kanamycin stock solution..........................................................................................90
2.7.2 Transformation o f bacteria.................................................................................. 90
Heat shock transformation of TOPIO cells...............................................................90
2.8 DNA

AND

PGR te c h n iq u e s........................................................................................91

2.8.1 General solutions...................................................................................................91
Tris/EDTA buffer (TE).............................................................................................. 91
Tris-acetate-EDTA buffer (TAE)..............................................................................91
Agarose/TAE gel........................................................................................................ 91
DNA loading buffer....................................................................................................92
Purification of DNA from agarose gels.....................................................................92
Enzymatic manipulation of DNA fragments........................................................... 92
Preparation of plasmid DNA......................................................................................92
Quantitation of nucleic acids......................................................................................93
2.8.2 Restriction enzyme digestion................................................................................ 93
2.8.3 PGR.........................................................................................................................93
2.8.4 Sequencing.............................................................................................................93
2.8.5 Sub-cloning cDNA constructs into the pBabePuro retroviral vector................94
The av-pBabePuro construct.....................................................................................94
Construction of a4pBabePuro.................................................................................. 94
Construction of PôpBabePuro................................................................................... 94
Construction of eGFP dNFADD AUl pBabePuro................................................. 95
Construction of MyrAktERpWZLneo and A2AktERpWZLneo............................95
2.8.6 Construction o f the chimaeric P6- ^5 integrin (X6C5)...................................... 96
Construction of the |36 extracellular domain fragment (X 6).................................. 96
Preparation of the P5 cytoplasmic domain (C 5)......................................................98
Preparation of pBabepuro X6C5 chimaera...............................................................99
2.9 L ist of Suppliers and D istributors......................................................................100

CHAPTER 3......................................................................................................................... 102
aV EXPRESSION IN H357 CELLS : EFFECTS ON ANCHORAGE
INDEPENDENT GROWTH AND DIFFERENTIATION.......................................... 102
3.1 Introduction ....................................................................................................................... 102
3.2 R e su l t s .................................................................................................................................. 104

3.2.1 ccv was subcloned into the retroviral vector pBabePuro and H357 cells
infected........................................................................................................................... 104
Subcloning........................................................................................................................... 104
Transfection of the a v integrin subunit into packaging c e lls .................................. 104

3.2.2 Retroviral infection ofH357 cells with alpha and beta integrin subunits

104

3.2.3 Introduction o f ccv has no effect on surface levels o f other integrins

105

3.2.4 The P partner associated with the transfected ccv subunit is p S ..................... 105
3.2.5 The newly expressed ccvP5 heterodimer is functional......................................106
Preparation of vitronectin.................................................................................................106
Adhesion A ssay...................................................................................................................106

3.2.6 ccvP5 localises to focal adhesions......................................................................107
3.2.7 ccvP5 expression inhibits anchorage independent growth............................... 107
3.2.8 ccvP5 integrin expression is not sufficient to induce H357 cells to differentiate
........................................................................................................................................ 707
Western blotting..................................................................................................................108
Immunofluorescence microscopy.................................................................................. 108
Flow cytom etry...................................................................................................................108

3.2.9 ccv surface expression does not effect cells size as determined by flow
cytometry........................................................................................................................ 109
3.3 D isc u ssio n ............................................................................................................................ 110

CHAPTER 4 ......................................................................................................................... 129
THE ROLE OF aVpS IN ANOIKIS OF CELLS DERIVED FROM SQUAMOUS
CELL CARCINOMAS...................................................................................................... 129
4.1 Introduction ......................................................................................................................129

4.2

R e s u l t s .................................................................................................................... 130

4.2.1 H357CCV cells undergo increased anoikis compared to parental cells

130

Sub-Gl DNA content...............................................................................................130
TUNEL (terminal deoxynucleotidyl transferase-mediated dUPT nick endlabeling) .................................................................................................................... 130
M icroscopy............................................................................................................... 130
4.2.2 Infection o f SCC4 cells with ccv and a4.............................................................131
4.2.3 SCC4 cells over expressing ccv undergo increased anoikis.............................131
4.2.4 Normal primary kératinocytes do not undergo anoikis in responseto increased
ccv expression................................................................................................................ 131
4.2.5 The anoikis produced by ccv is ligand dependent..............................................132
4.2.6 The addition ofP13K, MEKl, or P38MAPK inhibitors to H357ccv cells does
not inhibit anoikis..........................................................................................................132
4.2.7 A PI 3 kinase inhibitor mimics the effect o f ccv^5 in parent and control cells
..........................................................................................................................................................

4.2.8 Akt activation is inhibited by ccv^S expression on H357 cells........................ 133
4.2.9 The apoptotic effect o f ccvP5 is heterodimer specific........................................133
Double infection of H357 cells with av and p6..................................................... 134
Double infection leads to avp6 heterodimer formation........................................134
avP6 expression does not induce anoikis............................................................... 134
avP6 expression does not suppress the activation of A k t.....................................134
4.2.10 The apoptotic effect o f ccv(35 is dependent on the cytoplasmic domain o f ^5
....................................................................................................................................... 7
Construction of a PX6C5 chimaeric integrin......................................................... 135
Double infection of av and PX6C5 chimaeric integrin subunits leadsto avpX6C5
expression................................................................................................................. 135
avpX6C5 leads to anoikis in H357 cells................................................................ 135
avpX6C5 inhibits activation of Akt........................................................................136
4.2.11 Expression o f an active Akt construct can overcome the ccv^S apoptotic effect
........................................................................................................................................ 7^6

10

Infection of H357 parent and H357 av cells with active and inactive Akt
constructs.................................................................................................................. 136
Confirmation of M^Akt:ER* construct expression and activity..........................137
Sub-Gl experiments................................................................................................. 137
4.2.12 Specific caspase 8 and 9 inhibitors inhibit anoikis ofH 357 av cells in
suspension......................................................................................................................138
Suspension experiments............................................................................................138
4.2.13 dNFADD construct does not inhibit anoikis in H357 av cells...................... 139
4.3 Discussion.............................................................................................................140
CHAPTER 5......................................................................................................................... 175
ACTIVATION OF CASPASES AND AKT ARE REQUIRED FOR SUSPENSION
INDUCED DIFFERENTIATION....................................................................................175
5.1

I n t r o d u c t i o n ............................................................................................................. 175

5.2

R e s u l t s .......................................................................................................................179

5.2.1 Kératinocytes show caspase activity at 24 hours in suspension..................... 179
5.2.2 CaspaTag labelling is reduced by a general caspase inhibitor (z-VAD-fink)
and the P13-kinase inhibitor (LY294002)................................................................... 179
5.2.3 Caspase activation and nuclear changes occur within 2 hours o f cell
suspension......................................................................................................................179
5.2.4 Caspase activity depends on the stage o f differentiation................................ 180
5.2.5 A general caspase inhibitor blocks suspension induced keratinocyte
differentiation................................................................................................................ 180
5.2.6 The LY294002 PI3-kinase inhibitor inhibits suspension induced differentiation
..........................................................................................................................................................

5.2.7 Treatment o f suspended cells with z-VAD-fmk and LY294002 increases ERK
activation.......................................................................................................................182
5.2.8 The inhibitory effects on differentiation o f the P13-kinase and caspase
inhibitors cannot be overcome by the ERK MAPKpathway inhibitor.................... 182
5.2.9 Caspase and P13-kinase inhibition prevents the expression o f other markers o f
differentiation................................................................................................................ 183

11

5.2.10 The inhibition o f differentiation by z-VAD-fmk and LY294002 is reversible
..........................................................................................................................................................

5.2.11 Suspension induced differentiation is dependent on activity both caspase 8
and 9 ..............................................................................................................................184
5.2.12 A dNFADD construct inhibits differentiation................................................184
5.2.13 Akt/PKB is activated in suspended kératinocytes.......................................... 185
5.2.14 Activation o f Akt is dependent on P13-kinase activity, caspase activation and
integrin ligand binding................................................................................................ 185
5.2.15 z-VAD-fink inhibits suspension induced differentiation despite exogenous Akt
activation.......................................................................................................................187
5.2.16 Akt and caspases are activated in human epidermis.....................................187
5.3 D isc u ssio n ........................................................................................................................... 189
CHAPTER 6........................................................................................................................ 217
GENERAL DISCUSSION....................... ........................................................................217
REFERENCES....................................................................................................................223

12

Table of Figures
Chapter 1
Figure 1.1 Structural features of an integrin heterodimer

p56

Figure 1.2 Sub-families of the Integrin Receptors

p57

Figure 1.3 Integrin links to the cytoskeleton

p58

Figure 1.4 FAK dependent and independent activation of ERK

p59

Figure 1.5 H+E section of hyperproliferative human skin

p60

Figure 1.6 Organisation of kératinocytes in human interfollicular epidermis

p6I

Figure 1.7 The spatial arrangement of stem cells and transit amplifying cells
in the basal layer of human epidermis
Figure 1.8 Apototic pathways

p62
p63

Chapter 3
Figure 3.1 av subcloned into pBabePuro vector

p ill

Figure 3.2 AM 12 infection with the av integrin subunit

pi 12

Figure 3.3 a v expression of infected cells compared to parental cells and
the V5 clone
Figure 3.4 Infection of H357 cells with a4 and chick p i integrin subunits

pi 13
p i 14

Figure 3.5 Flow cytometry profiles comparing integrin expression in H357
parental cells and, H357 cells transduced with a 4 p i or av

p i 15

Figure 3.6 Integrin expression on H357 cells before and after exogenous
integrin expression

p 116

Figure 3.8 Purification of vitronectin

p i 17

Figure 3.9 Adhesion of H357 cells to vitronectin

p i 18

Figure 3.10 avp5 forms focal adhesions on vitronectin

p i 19

Figure 3.11 Soft agar colony forming assays

pl20

Figure 3.12 Western blots detecting involucrin

pl21

Figure 3.13 FACS analysis of transglutaminase and involucrin expression

p i22

Figure 3.14 FACS analysis of transglutaminase and involucrin expression

p i23

13

Figure 3.15 FACS analysis of transglutaminase expression

pl24

Figure 3.16 Forward and Side scatter profiles of H357 cells

p i25

Chapter 4
Figure 4.1 Sub-Gl analysis of H357 cells

pl43

Figure 4.2 TUNEL staining, showing increased apoptosis of H357 av cells

pl44

Figure 4.3 Photographs of cell nuclei showing apoptosis in H357 av cells

pl45

Figure 4.4 % apoptotic cells as determined by nuclear morphology

p i46

Figure 4.5 Percentage anoikis in H357 cells

pl47

Figure 4.6 av infection of SCC4 cells

p i48

Figure 4.7 Flow cytometry profiles confirming surface expression of a4
in retrovirally transduced SCC4 cells

pl49

Figure 4.8 av but not a4, stimulates anoikis of SCC4 cells

p i50

Figure 4.9 Percentage anoikis in SCC4 cells

pl51

Figure 4.10 FACS of av and a4 transduced normal primary kératinocytes

p i52

Figure 4.11 Percentage anoikis in primary kératinocytes

pl53

Figure 4.12 av|35 induced anoikis is ligand dependent

p i 54

Figure 4.13 av ligation has no effect on anoikis of H357 a4 expressing cells

p i55

Figure 4.14 Inhibiting PI 3-kinase, p38MAPK or ERK MAPK signalling

p i56

Figure 4.15 PI 3-kinase inhibitor can mimic the apoptotic effects of av|35 in

pl57

control H357 a4 cells
Figure 4.16 Western blot of phospho Akt

in H357 a4 and H357 av cells

pl58

Figure 4.17 Flow cytometry of H357 av|36 infected cells

pl59

Figure 4.18 Flow cytometry analysis of cells forSub-Gl content

pl60

Figure 4.19 av^6 does not promote anioikis

pl61

Figure 4.20 H357 avp6 expressing cells activate Akt insuspension

pl62

Figure 4.21 Flow cytometry of H357 avpX6C5 infected cells

pl63

Figure 4.22 FACs analysis of sub-Gl population of H357 cells in suspension

pl64

Figure 4.32 The dNFADD construct inhibits anoikis in MDCK cells

pl65

Figure 4.23 The cytoplasmic domain of p5 is required for anoikis

p i 66

14

Figure 4.24 2 Akt constructs

p i67

Figure 4.25 H357 av cells transduced with the Akt constructs

p i68

Figure 4.26 Flow cytometry analysis of sub-Gl cell populations

pl69

Figure 4.27 Constitutive activation of Akt overcomes the apoptotic effect
of avp5

pl70

Figure 4.28 Photographs of cell nuclei showing reduced apoptosis at 72
hours in H357 av cells co-infected with the active M^AktiER*

pl71

Figure 4.29 Western blot of suspended H357 av cells transduced with the
M^AktiER* or A2Akt:ER*
Figure 4.30 Caspase 8 and 9 inhibitors inhibit anoikis of H357av cells

pl72
pl73

Figure 4.31 A Flow cytometry profiles of H357 av cells pre and post
transduction with eOFF-dNFADD-AU 1

p 174

Chapter 5
Figure 5.1 CaspaTag binding and involucrin expression in normal primary
kératinocytes
Figure 5.2 CaspaTag labelling of normal primary kératinocytes

pl91
p i92

Figure 5.3 Time course of CaspaTag uptake and involucrin expression in
suspended normal primary kératinocytes
Figure 5.4 Activation of caspases in suspension

p i93
p i94

Figure 5.5 CaspaTag labelling after 24 hours in suspension and nuclear changes pl95
Figure 5.6 CaspaTag and involucrin labelling after 2 hours

p i 96

Figure 5.7 CaspaTag labelling of kératinocytes held in suspension

p i 97

Figure 5.8 Caspase inhibitor is more potent than fibronectin in supressing
keratinocyte differentiation

p i 98

Figure 5.9 Caspase and PI3-kinase inhibitors suppress keratinocyte SID

pl99

Figure 5.11 Caspase and PI3-kinase inhibitors suppress keratinocyte SID

p200

Figure 5.13 Caspase and PI3-kinase inhibitors suppress keratinocyte SID
as measured by both involucrin and comifin expression

p201

Figure 5.14 z-VAD-fmk and LY294002 prevent suspension-induced

15

loss of surface |3l integrin

p202

Figure 5.15 z-VAD-fmk and LY294002 protect against the loss of surface
p i integrin in the presence of U0126

p203

Figure 5.16 Normal primary kératinocytes, km passage 6 can undergo
differentiation after washout of the inhibitor

p204

Figure 5.17 Confluent adherent cells treated with LY294002 show reduced
differentiation but this is reversed on washing and suspension

p205

Figure 5.18 z-VAD-fmk and LY294002 protection from loss of surface
p i integrins is reversible

p206

Figure 5.19 Caspase specific inhibition of differentiation

p207

Figure 5.20 dNFADD inhibits suspension induced differentiation

p208

Figure 5.21 Western blot showing activation of Akt in suspended kératinocytes p209
Figure 5.22 Akt does not promote differentiation in suspended kératinocytes

p210

Figure 5.23 Akt promotes differentiation of adherent kératinocytes

p211

Figure 5.24 The general caspase inhibitor z-VAD-fmk inhibits involucrin
expression despite constitutive Akt activation

p212

Figure 5..25 Sections of human foreskin stained for anti-phosphoserine Akt

p213

Figure 5.26 CaspaTag labelling on frozen human foreskin

p214

Chaper 6
Figure 6.1 Model of squamous cell carcinoma cell survival

p218

Figure 6.2 Model of normal keratinocyte differentiation driven by caspases
and Akt

p221

16

List of Tables
Table 1.1 av binding (3 subunits and their ligands

p33

Table 1.2 Bcl-2 family members

p48

Table 2.1 Inhibitor Compounds used in this thesis

p72

Table 2.2 Antibodies used in this thesis

p80

Table 2.3 SDS-PAGE gel recipe

p87

Table 3.1 Combined data of 3 colony forming experiments

p i 26

Table 3.2 % involucrin positive cells

p i 27

17

Abbreviations
AP
ammonium persulphate
BCA
bicinchoninic acid
BrdU
5’bromodeoxyuridine
BSA
bovine serum albumin
cDNA
copy deoxyribonucleic acid
CREB
cyclic-AMP response element binding protein
DAB
3,3-diaminobenzedene tetrahydrochloride
DCS
donor calf serum
DMEM
Dulbecco’s modification of Eagles’ medium
DMSO dimethyl sulfoxide
DNase
deoxyribonucleic acid endonuclease
dNTP
deoxynucleotide triphosphate
ECL
enhanced chemiluminescence
ECM
extracellular matrix
EDTA
ethyldiaminotetraacetic acid, disodium salt
EOF
epidermal growth factor
EGFP
enhanced green fluorescent protein
EGFR
epidermal growth factor receptor
ER
oestrogen receptor
ERK
extracellular signal-regulated kinase
FAD
F12 + adenine + DMEM
FAK
focal adhesion kinase
FCS
fetal calf serum
GDP
guanosine diphosphate
GM-CSF
granulocyte-macrophage colony-stimulating factor
GTP
guanosine triphosphate
H&E
Haematoxylin and eosin staining
HICE
hydrocortisone, insulin, cholera enterotoxin and EGF
HRP
horseradish peroxidase
Ig
immunoglobulin
IGF
insulin-like growth factor
I_B
inhibitor of NFkB
IKK
I kB kinase
JNK
Jun N-terminal kinase
kDa
kilo Dalton
KGF
keratinocyte growth factor
L Broth
Luria-Bertani broth
LTR
long terminal repeat
MAPK
mitogen-activated protein kinase
MAPKK
MAPK kinase
MCP
monocyte chemoattractant protein
MEK
MAPK/ERK kinase
MEKK
MEK kinase

18

MMP
Mo MuLV
NF kB
PAGE
PAK
PBS
PCR
PI3K
PI3-kinase
PKA
PKC
polyHEMA
PVDF
RNase
rpm
SCC
SDS
SH
SOS
TAB
TAE
TBS
TBST
TE
TEMED
TIMP
TN Fa
TPA
wt

matrix metalloproteinase
Moloney murine leukemia virus
nuclear factor kB
polyacrylamide gel electrophoresis
p21-activated kinase
phosphate-buffered saline
polymerase chain reaction
phosphatidylinositol 3-kinase
phosphatidylinositol 3-kinase
protein kinase A
protein kinase C
poly(2-hydroxyethyl methacrylate)
polyvinylidene fluoride
ribonucleic acid endonuclease
revolutions per minute
squamous cell carcinoma
sodium dodecyl sulphate
Src homology
son of sevenless
TAKl-binding protein
Tris-acetate-EDTA buffer
Tris-buffered saline
TB S/Tween
Tris-EDTA buffer
N,N,N’,N’-tetramethylethylenediamine
tissue inhibitor of MMPs
tumour necrosis factor a
12-O-tetradecanoy Iphorbol-13-acetate
wild type

19

Chapter 1

Introduction

1.1 Overview
Integrins regulate keratinocyte cell fate in the epidermis. When ligand bound they inhibit
differentiation, while if their number or function are down regulated they become
committed to differentiate. When other epithelial cells detach from their matrix they
undergo a suspension induced apoptosis termed anoikis. Integrin expression is frequently
perturbed in squamous cell carcinomas (SCCs) and while the reason for this is unclear,
some integrins are thought to promote or inhibit anoikis. The different responses to
detachment by different cells may involve similar signalling mechanisms. In my
introduction, I overview keratinocyte integrin structure, function and expression in
normal kératinocytes and SCCs, and the mechanisms by which they can control
differentiation and cell death.
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1.2 Integrins
Integrins are a family of cation dependent transmembrane receptors that bind to both cell
surface Ig counter-receptors and extracellular matrix ligands. They consist of an a and a
P subunit (Figure 1.1) and the ligand specificity is determined by the heterodimer
composition and the cell type in which they are expressed (Watt and Hertle, 1994).
Integrins are found in every human nucleated cell type and show conservation in other
vertebrates and invertebrates. The sponge has genes similar to mammalian integrins
(Wimmer et al., 1999) and C. elegans has two integrins homologous to a5 and av
(Sulston et al., 1992). The biological functions of integrins are diverse, ranging from
stable anchorage of kératinocytes to the epidermal basement membrane, platelet
aggregation in clots, and mediation of leukocyte trafficking across endothelia. The
distribution and activity of integrins can be regulated by conformational changes,
clustering, and association with accessory molecules (Bazzoni and Hemler, 1998; Liu et
al., 2000; van der Flier and Sonnenberg, 2001).

1.2.1 Integrin structure

Integrins are made of an alpha and a beta subunit and there are at least 22 known
heterodimers each with a different ligand binding profile (Figure 1.2) (Watt and Hertle,
1994). The larger a subunits range from 120 to ISOkDa while the P subunits range from
90 to IIOkDa in size. The integrin subunits have short transmembrane and cytoplasmic
domains, of around 30-50 amino acids in length, with the exception of the 1000 amino
acid long p4 cytoplasmic tail. The extracellular domains of the two subunits interact noncovalently, in a divalent cation dependent manner, and form a globular head structure
with two tails going through the lipid bilayer. This structure was first seen by electron
microscopy (Nermut et al., 1988). Experiments using truncated mutants have shown the
interaction between the subunits is independent of the transmembrane and cytoplasmic
domains (Calvete et al., 1991). Both subunits contain several disuphide bridges that
contribute to the overall integrin structure. Recent understanding of the structure of the
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integrin heterodimer has been enhanced by the solution of the crystal structure of the
avp3 integrin (Xiong et al., 2001) and it appears that large conformational changes can
take place in reaction to both ligand binding and signals from within the cell (Xiong et
al., 2002).

The a and P subunits interact to form the ligand binding domains and the a subunit
contains divalent cation binding sites necessary for integrin binding. The type of cation
affects both affinity and specificity of ligand binding. The a subunits are not well
conserved and the variation in sequence is thought to govern binding specificity between
heterodimers with the same P subunit. Truncation experiments suggest the a subunit tail
negatively regulates integrin activation and subsequent binding activity (Bauer et al.,
1993; Chan et al., 1992; Hibbs et al., 1991; Rabb et al., 1993). Very few direct
interactions are known between the a subunit tail and cytoplasmic components. a4 has a
high affinity interaction with paxillin (Liu et al., 1999) and an association with calnexin
(Lenter and Vestweber, 1994) and the integrin subunits av, a5 and a l associate laterally
with caveolin (Wary et al., 1998) but no known signalling molecules.

The p subunit comprises a ligand binding domain, and Ig fold, a ‘stalk’ of several
cysteine rich domains, and short transmembrane and cytoplasmic domains. The P subunit
cytoplasmic domains are highly conserved with the exception of p4 and p8. The long P4
cytoplasmic domain connects with the intermediate filament network and has a role in
hemidesmosome formation. The other P subunit cytoplasmic domains have three
conserved regions designated Cyto 1, 2 and 3 (Reszka et al., 1992). Cyto 1 is a 10 amino
acid sequence near the cell membrane and is necessary for binding several focal adhesion
components including FAK, filamen and a-actinin (Lewis and Schwartz, 1995; Otey et
al., 1993; Schaller and Parsons, 1994; Sharma et al., 1995). Cyto 2 and 3 are NPXY
motifs that can be phosphorylated. Disruption to these regions prevents recruitment to
focal adhesions (Bodeau et al., 2001; Mulrooney et al., 2001). All three Cyto domains are
required for adhesive function (Levy et al., 2000).
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1.2.2 Integrin signalling

Integrins are required to perform their adhesive functions in a rapid and specific manner.
Integrins can regulate there activity by receptor clustering and changes in their
conformation (Hogg and Leitinger, 2001; Hynes, 1992) allowing binding to motifs such
as ARG-GLY-ASP (RGD) found in fibronectin, vitronectin, collagen and laminin
(Ruoslahti et al., 1987). Ligand binding produces integrin clustering which leads to an
increase in the avidity of the cell for its ligand (Yauch et al., 1997). Integrin clustering
also leads to the formation of complexes such as focal adhesions where they associate
with the cytoskeleton. Focal adhesions contain a number of linker and signalling
molecules that can be recruited to their cytoplasmic tails leading to cytoskeletal changes
and triggering of signalling pathways (known as outside to in signalling) (Giancotti and
Ruoslahti, 1999; Schwartz, 2001; Schwartz and Ginsberg, 2002). Cytoskeletal proteins
can in turn alter integrin conformation and cause integrin clustering by binding integrin
tails causing the propagation of conformational changes up the integrin ‘stalk’ eventually
altering the structure of the ligand binding domain (inside to out signalling) (Hogg and
Leitinger, 2001; van Kooyk and Figdor, 2000; Yauch et al., 1997). It is currently not clear
whether conformational changes or clustering of integrins is the initiating step in integrin
activation. It is likely however that these two mechanisms of regulation of integrin
adhesion are synergistic, with conformational changes increasing integrin-ligand
interactions and clustering increasing the avidity of this interaction.

Integrins lack intrinsic kinase activity. It was thus initially thought that they had no
function beyond cell adhesion and focal adhesion formation. However it is now
recognised that they can influence a number of signalling pathways by recruiting a range
of adapter proteins and kinases through interactions with both the extracellular and
cytoplasmic domains (Giancotti and Ruoslahti, 1999; Schwartz, 2001; Schwartz and
Ginsberg, 2002) (Figure 1.3).
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Integrin signalling appears to play a role in nearly every complex physiological and
pathological process in vertebrate organisms including development, angiogenesis,
bacterial and viral infection and immune recognition and atherogenesis (Schwartz, 2001).
Importantly integrin signalling also seems to augment growth factor and cytokine
signalling pathways, extending the integrins influence on basic cell functions.

Focal Adhesion Kinase (FAK) is vital in the activation of several signalling pathways.
FAK is recruited to focal adhesions through interactions with the adaptor molecules talin
and vinculin (Chen et al., 1995) and the p subunit tail (Lewis and Schwartz, 1995).
Accumulation of FAK at the plasma membrane may be sufficient to activate FAK by
autophosphorylation and is triggered by integrin clustering (Chan et al., 1994). Ligation
of the p i, pS and P5 integrin subunits can activate FAK (Hanks and Polte, 1997;
Lukashev et al., 1994) and only the cytoplasmic domains are required (Akiyama et al.,
1994). One of the best characterised signalling pathways is FAK mediated activation of
MAPK (mitogen activated protein kinase). Autophosphorylation of Tyr^^^ activates FAK
allowing binding of Src via its Src homology 2 (SH2) domain (Schaller et al., 1994;
Schlaepfer et al., 1994). Src then phosphorylates FAK further and leads to the
prosphorylation of a number of focal adhesion components including paxillin, tensin and
plSQCAs Yhese events lead to the recruitment of adaptor proteins CAS and Crk and to the
activation of the JNK pathway (Richardson and Parsons, 1996; Schlaepfer et al., 1994).
Alternatively Src phosphorylation of FAK can result in the binding of P I 30^^^ and Grb2.
This allows membrane localisation of SOS, a guanine nucleotide exchange factor which
promotes GTP loading and activation of Ras. Ras activates Raf-1, which in turn
phosphorylates and activates MAPK kinase. MAPK kinase then activates Rasextracellular signal-regulated kinase (ERK) MAPK (Giancotti and Ruoslahti, 1999).

ERK 1/2 MAPK activation by integrins can also occur independently of FAK. Integrin
subunits av, a5 and a l associate laterally with caveolin which in turn binds Fyn (Wary
et al., 1998; Wei et al., 1999). She can bind the SH3 domain of Fyn leading to its
phosphorylation. Phosphorylated She then recruits the Grb/SOS complex again triggering
the activation of Ras (Wary et al., 1998). These two pathways of ERK MAPK activation
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are thought to act in tandem with the She mediated activation accounting for the initial
high levels of ERK after cell adhesion, and FAK sustaining ERK activation (Giancotti
and Ruoslahti, 1999; Schlaepfer et al., 1994; Wary et al., 1998). These pathways are
summarised in Figure 1,4.

PI3-kinase is also downstream of FAK and modulates adhesion and migration as well as
activating Akt (Chen et al., 1996). Growth factor binding and FAK phosphorylation lead
to the activation of PI-3-kinase leading to the production of phosphatidyinositol 3,4,5triphosphate (PIP3) and phosphatidyinositol 3,4-biphosphate (PIP2) and these products
bind to the PH domain of Akt (Franke et al., 1997; Freeh et al., 1997). This interaction
results in the recruitment of Akt to the cell membrane, where after a change in
conformation it is phosphorylated on the threonine residue 308 by PI-3-dependent kinase
1 (PDKl) (Alessi et al., 1997; Anderson et al., 1998; Stokoe et al., 1997). Subsequently it
is also phosphorylated at serine 473 resulting in the stimulation of its kinase activity
(Toker and Newton, 2000). Akt has several pro-cell survival actions.

Phosphorylated Akt can phosphorylate and inhibit a number of different pro-apoptotic
proteins including BAD (Datta et al., 1997; del Peso et al., 1997), the Forkhead
transcription factors (Brunet et al., 1999; Tang et al., 1999) and caspase 9 (Cardone et al.,
1998), factors which have all been suggested to play a role in cell death. Phosphorylated
BAD dissociates form Bcl-2 and binds 14-3-3 proteins (Datta et al., 1997) allowing Bcl-2
to promote cell survival. Phosphorylation of caspase 9 inhibits its protease activity
leading to cell survival (Cardone et al., 1998) and the phosphorylation of forkhead
transcription factors leads to their retention in the cytoplasm, reducing expression of proapoptotic proteins such as Fas-ligand (Brunet et al., 1999; Tang et al., 1999). Active Akt
also induces Nuclear Factor kB (NF-kB) which plays a role in cell survival (Kane et al.,
1999) and reduces the release of cytocrome C from mitochondria (Kennedy et al., 1999).

1.2.3 Integrin and growth factor co-operation
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The MAPK signalling pathway is also stimulated by ligation of the EGF receptor.
Integrins can affect growth factor signalling in a number of ways. The absence of integrin
ligand binding inhibits EGF signalling (Miyamoto et al., 1996). Further, co-clustering
EGF receptors with a 2 |3 l integrins at sites of cell-cell contact induces tyrosine
phosphorylation and activation of the EGF receptor in the absence of its ligand (Moro et
al., 1998; Yu et al., 2000). Growth factors, including PDGF and VEGF, are also reported
to form complexes with integrins. Active PDGF has been immunoprecipitated with avp3
and this complex formation is increased when the integrins are ligand bound (Schneller et
al., 1997; Woodard et al., 1998), while avP3 is also necessary for the full activation
VEGF (Soldi et al., 1999). Integrin signalling interacts with growth factor signalling in a
number of other pathways including; INK, p38, Rac, Rho, Cdc42, PI3-kinase, NF-KB and
the JAK-STAT pathways (Schwartz, 2001). Growth factors and integrins use many of the
same molecules in their multicomponent complexes, including kinases, adaptors,
substrates and scaffolding proteins (Pawson et al., 1999), and it is thus not surprising
there appears a synergistic role for the two groups of receptors.

It therefore appears that most signalling events triggered by integrins originate from the (3
cytoplasmic domain, while the a subunits generally negatively regulate ligand adhesion
with the exception of a few subunits being able to modulate signalling pathways through
caveolin (Schwartz, 2001).
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1.3 The structure and function of skin
The skin forms the protective barrier against the environment. Through its network of
capillaries and nerves within the dermis it also helps regulate body temperature and
provides sensation. It is made up of three layers: subcutaneous fat, the dermis, and,
separated from the dermis by the basement membrane the epidermis. The epidermis and
dermis interdigitate, forming the rete ridge (or peg) and dermal papillae (Figure 1.5).

1.3.1 The epidermis

The epidermis rests on the basement membrane, a dense network of matrix secreted by
both fibroblasts and epithelial cells. The majority of cells within the epidermis are
kératinocytes, and these form a stratified squamous epithelium. They are specialised cells
protecting us from physical and chemical insults and have the ability to repair and
regenerate after wounding. The epidermis also contains melanocytes, supplying pigment
(Jimbow et al., 1991), Langerhans cells, responsible for antigen processing (Hauser et al.,
1991), and Merkel cells, sensory cells (Munger et al., 1988). Most proliferating
kératinocytes lie in the basal layer; on leaving the basal layer cells undergo terminal
differentiation. Cells in the outermost layers, are dead squames that provide the barrier
function. Within the epidermis lie hair follicles, apocrine and eccrine sweat glands, and
sebaceous glands, all derived from the epidermis (Odland, 1991).

The Basal Layer

The epidermis can be split into four layers (Figure 1.6), basal, spinous, granular and
comified. The basal layer is a single layer of kératinocytes that adhere to the basement
membrane through p i integrin mediated focal adhesions (Jensen et al., 1999) and by
a6p4 mediated hemidesmosomes (Carter et al., 1990a; Carter et al., 1990b; Stepp et al.,
1990). Basal cells are distinguished by an intracellular cytoskeleton composed of a
relatively dispersed, but extensive, network of keratin filaments. Two distinct keratin
27

Chapter 1

Introduction

proteins, K5 and K14, are expressed (Morley and Lane, 1994) and mutations in these or
a6p4 can lead to epidermolysis bullosa (Pulkkinen et al., 1999). The basal layer contains
the proliferative cells of the epidermis.

The Spinous Layer

The four to eight layers of the suprabasal spinous cells are post mitotic, but metabolically
active. These cells produce two new keratins, K1 and KIO, following cytoskeletal
filaments that aggregate into thin bundles (Eichner et al., 1986). In certain situations,
such as wound healing and in cell culture, suprabasal kératinocytes can express additional
keratins, for example K6 and K16 (Weiss et al., 1998). In addition, spinous layer cells
make a number of envelope precursor proteins, such as involucrin (Rice and Green,
1977), envoplakin and periplakin (Ruhrberg et al., 1997; Ruhrberg et al., 1996). Spinous
cells near the basal layer appear more oval than the flattened spinous cells located near
the granular layer above. Keratin filaments are conspicuous as large dense bundles and
the spines that give the layer its name are keratin filaments that insert into desmosomes of
opposing cells. The uppermost spinous cells have membrane-bound lamella granules
containing lipids and carbohydrates complexed with proteins which later fill the
intercellular spaces of the comified layer. Mutations in these keratins can again cause
bullous disorders such as epidermolytic palmoplantar keratoderma in palms and soles
(Borradori et al., 1997; Korge et al., 1996; Reis et al., 1994; Reis et al., 1992).

The Granular Layer

The granular layer consists of two to three layers of irregular shaped kératinocytes. Cells
have electron dense keratohyalin granules containing profilaggrin (Holbrook, 1994), the
precursor form of filaggrin, a protein involved in the aggregation of keratin filaments
(Holbrook, 1994; Rothnagel et al., 1987; Rothnagel and Steinert, 1990). The cells also
contain loricrin and comifin, two other component of the comified layer (Mehrel et al.,
1990) (Fujimoto et al., 1993; Rothnagel and Steinert, 1990). The lamellar granules fuse
with the plasma membrane and their contents are discharged into the intercellular space.
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Granular cells synthesise and cross-link a number of structural proteins, which will form
the comified envelope.

The Comified Layer

The comified layer comprises anucleate cells. Their cytoplasm is filled with keratin
bundles, and they are characterised by the presence of the comified cell envelope which
consists of a layer of transglutaminase cross-linked proteins found under the plasma
membrane (Holbrook, 1994; Kalinin et al., 2001; Kalinin et al., 2002). Comified cells
appear flattened and plate-like and are known as squames. The most superficial layer of
comified cells is shed.

1.3.3 Epidermal proliferation

The epidermis is a dynamic epithelium that is constantly renewed throughout life. Its
tumover is estimated at about 7 days in mice (Potten et al., 1981) and between 28 and 60
days in humans (Hunter et al., 1995). This rapid replacement demands that adult
epidermis has stem cells capable of supplying terminally differentiated cells throughout
life. The most basic and widely accepted definition for adult stem cells is (i) that they
have a high capacity of self-renewal and (ii) the ability to generate daughter cells that
undergo terminal differentiation (Hall and Watt, 1989; Watt, 1998). The basal layer,
attached to the basement membrane, contains the dividing cells of the epidermis and as
cells move up from this layer they undergo differentiation, ending in the formation of a
terminally differentiated anucleate cell.

Not all of the proliferative cells in the basal layer are stem cells. Epidermal stem cells
generate post-mitotic terminally differentiated progeny via a population of “transit
amplifying cells”, defined as cells that are able to divide only 3 to 5 times before all of
their daughters terminally differentiate (Potten et al., 1981; Watt, 1998). These transit
amplifying cells have a low self renewal capacity and a high probability of undergoing
terminal differentiation. Their prime function is to increase the number of differentiated
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cells produced by one stem cell division. If a transit amplifying cell is able to divide 3
times, then on average each stem cell division will generate one stem cell daughter and 8
differentiated cells (Janes et al., 2002).

The use of a transit amplifying population may help to protect the tissue from neoplastic
transformation. Cells are at the highest risk of acquiring mutations when they are actively
dividing. This risk is thus higher in tissues undergoing rapid tumover, such as the
epidermis, which is exposed to a mutagenic onslaught from the outside world. The
probability of accumulating multiple mutations over the course of a lifetime may be
minimised by the strategy of assigning most of the active proliferation to cells, which are
destined to be shed from the surface of the skin within a few weeks (the TA cells). This
allows the long term residents of the tissue (the stem cells) to remain relatively quiescent.

1.3.4 Sqamous Cell Carcinomas of the skin

Squamous cell carcinomas (SCC) are common tumours of the skin and epithelia and are
the most common tumour arising on chronic sun exposed sites. The major cause of
epidermal SCC is exposure to UV radiation but chronic ulceration, industrial carcinogens
(tars and oils), arsenic ingestion, and genetic factors (xeroderma pigmentosum - an
enzyme defect in DNA repair) all contribute. Loss of immunosurveillance (in the
immunosuppressed, post chemotherapy or organ transplantation) also increases the risk
of developing SCC. Pre-invasive lesions show epidermal dysplasia without breech of the
basement membrane and include solar keratosis and Bowen’s disease.

The incidence of SCC is so high and the mortality rate so low that, along with basal cell
carcinomas of the skin, they are excluded from the national statistical analysis of cancer
cases. The incidence non-melanoma skin cancer, which includes basal cell carcinoma, is
over 40,000 annually in England and Wales, of which a fifth are SCCs. Less than 500
mortalities per year are recorded as being directly due to non-melanoma skin cancer
(National Office of Statistics).
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Most SCCs of the skin are cured by surgery, but up to 5% metastasise, largely to local
lymph nodes. The exception to this are carcinomas of the oral cavity and especially the
lower lip of which 11% are metastatic (Friedman et al., 1985).
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1.4 Kératinocyte Integrin Expression
1.4.1 Normal epidermal integrin expression

Integrin expression in normal skin is confined to the basal layer and outer root sheath of
the hair follicle. The most abundant integrin heterodimers in the epidermis are a 2 p i
(collagen receptor), a S p i (predominantly a laminin 5 receptor) and a6 p 4 (laminin
receptor) (Watt, 1994). avp5 (vitronectin receptor) is also expressed but at lower levels
(Adams and Watt, 1991; Watt, 1994). Changes in integrin expression are observed in
wound healing and culture where a S p i (fibronectin recptor), avP6 (fibronectin and
tenascin receptor), and a 9 p l (tenascin receptor) are upregulated (Breuss et al., 1995;
Hakkinen et al., 2000; Watt, 2002; Watt, 1994; Zambruno et al., 1995). Suprabasal
integrin expression is seen in hyperproliferative skin. This occurs in benign
hyperproliferation, psoriasis and wound healing (Watt, 1994).

1.4.2 Integrin expression in Squamous Cell Carcinomas

Squamous cell carcinoma’s can have normal expression, overexpression or most
frequently focal or generalised loss of integrin expression (Bagutti et al., 1998; Jones et
al., 1993). There is also marked variation between tumours and in different regions of the
same tumour. These changes may play a role in the growth, differentiation and survival
of a primary tumour and the tumour cell’s ability to invade and spread. The focal loss of
integrins is associated with loss of basement membrane proteins and has been proposed
to play a role in SCC invasion (Downer et al., 1993; Jones et al., 1993).

a6P4 is implicated in epithelial carcinogenesis (Mercurio et al., 2001). Over expression
in SCC cells adjacent to stroma is associated with poor prognosis in humans (Van Waes
et al., 1991) and a high risk of malignant conversion in mice (Tennenbaum et al., 1995).
Loss of expression at the stromal boundary is also associated with loss of basement
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membrane (Downer et al., 1993). a6p4 becomes associated with the actin cytoskeleton in
SCC cells lacking hemidesmosomes, promoting invasion and migration. a 6 P 4 is
mobilised by EGF leading to the phosphorylation of the p4 tail (Mainiero et al., 1997),
and cooperation with growth factor stimulated PI3-kinase signalling (Mercurio et al.,
2001). In addition to effects on cell motility it appears that a 3 p i and avp6 can affect
matrix metalloproteinase expression leading to breakdown of the surrounding
extracellular matrix (DiPersio et al., 1997; Thomas et al., 2001a).

It is tempting to think that the integrin mis-expression seen in SCCs is a consequence of
tumour formation, possibly induced by selective pressures, rather than having a causal
role. Evidence is mounting to the contrary and integrin effects on differentiation and cell
survival are well documented. In addition, it now appears that differentiated cells, and in
particular their integrin expression, can influence whether or not a potentially oncogenic
clone of stem cell progeny expands or is held in check. Studies examining transgenic
mice expressing integrins in suprabasal epidermal layers under the control of the
involucrin promotor have revealed interesting results. The mice were first exposed to
DMB A, inducing Ras mutations and then the phorbol ester TP A, to promote expansion of
mutant clones. Mice expressing suprabasal a 3 p l showed a decreased rate of conversion
from papilloma to carcinoma (Owens and Watt, 2001) while those expressing a6P4
increased papilloma formation and conversion rates to squamous cell carcinomas (Owens
and Watt, in preparation). Therefore, despite stem cells being responsible for the
generation of most tumours, altered integrin expression in the differentiated cell
population can affect the course.

1.4.3 The av integrins in normal kératinocytes and Squamous Cell Carcinomas

The oe/ subunit binds to several beta subunit partners. These include P l (Bodary and
McLean, 1990), P3 (Cheresh and Spiro, 1987), P5 (Cheresh et al., 1989), p6 (Sheppard et
al., 1990) and p8 (Moyle et al., 1991). While avP3 is able to bind to many ligands
through ROD motifs (Charo et al., 1987; Cheresh, 1987; Cheresh and Spiro, 1987) the
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majority of the other heterodimers bind to vitronectin and fibronectin. The av ligands are
listed in Table 1.1.

P subunit

pl

Ligand

Reference

Vitronectin

(Bodary and McLean,

Fibronectin

1990)

Fibrinogen

(Vogel et al., 1990)
(Marshall et al., 1995)

Vitronectin

(Pytela et al., 1985)

Fibronectin

(Cheng et al., 1991)

Fibrinogen

(Cheresh and Spiro, 1987)

Laminin

(Kramer et al., 1990)

Thrombospondin

(Lawler et al., 1988)

Von Willebrand factor

(Law et al., 2000)

Thrombin

(Bar-Shavit et al., 1991)

Osteopontin

(Miyauchi et al., 1991)

Bone Sialoprotein

(Miyauchi et al., 1991)

Collagen types 1 and IV

(Clyman et al., 1992)

Vitronectin

(Adams and Watt, 1991)

Fibronectin

(Cheresh et al., 1989)

P6

Fibronectin

(Busk et al., 1992)

P8

Vitronectin

(Nishimura et al., 1994)

P3

P5

Table 1.1 av binding p subunits and their ligands
In vivo, av is expressed by kératinocytes of the epidermis and oral mucosa. Expression is
largely confined to the basal layer although it can extend into suprabasal layers
particularly in oral mucosa (Hertle et al., 1991; Jones et al., 1993; Nazzaro et al., 1990).
In normal epidermis av forms a heterodimer exclusively with P5 (Pasqualini et al.,
1993). However in culture and hyperproliferation stratified squamous epithelia both avp5
and avP6 are expressed (Adams and Watt, 1991; Breuss et al., 1995).
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1.4.4 The role of av in Squamous Cell Carcinomas

avP6 is upregulated in squamous cell carcinomas and this is often correlated with a down
regulation in av|35 expression (Breuss et ah, 1995; Jones et ah, 1997). The avp6 integrin
heterodimer is not only a receptor for the extracellular matrix proteins fibronectin and
tenascin but also binds the latency associated peptide (LAP) derived from latent TGFP (Busk et ah, 1992; Munger et ah, 1999; Prieto et ah, 1993; Weinacker et ah, 1994).
avP6 expression is restricted to epithelial tissues at low or undetectable levels (Breuss et
ah, 1993) but during development of the skin, lung and kidney and in times of wound
healing, expression is upregulated. This suggests that av P 6 may have a role in the
migration of tissues and it was of interest that avp6 is upregulated in squamous cell
carcinomas of several tissues (Breuss et ah, 1993; Clark et ah, 1996; Haapasalmi et ah,
1996; Jones et ah, 1993; Larjava et ah, 1996; Regezi et ah, 2002) and often expressed at
the invasive margins of tumours and the leading edge of migrating cells (Breuss et ah,
1995; Haapasalmi et ah, 1996; Jones et ah, 1993).

Several studies have pointed to avP6 having a pivotal role in the invasive phenotype of
SCCs (Ramos et ah, 2002) (Thomas et ah, 2001a; Thomas et ah, 2001b). avp6
expression increases cell migration and invasion in both normal and transformed
kératinocytes, possibly via the upregulation of metalloproteinase-9 (MMP-9). In turn
MMP-9 is essential for the migratory phenotype induced by avP6 (Thomas et ah, 2001a;
Thomas et ah, 2001c). In vivo, avP6 expression is related to tumour progression (Hong et
ah, 2000; Juarez et ah, 1993; 0-charoenrat et ah, 2000a; 0-charoenrat et ah, 2000b;
Simon et ah, 1998; Thomas et ah, 1999) suggesting that the in vitro findings may reflect
in vivo pathology. More recently other tumour cell types including breast, colon and
ovary (Agrez et ah, 1996; Ahmed et ah, 2002b; Arihiro et ah, 2000) have also been
demonstrated to have increased expression of avP6.

The p6 integrin cytoplasmic tail has 11 unique amino acids that are implicated in
regulating the biological behaviour of SCCs including 3-dimensional growth in type 1
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collagen gels and ligand-independent increases in pro-MMP 9 secretion. These 11 amino
acids are also necessary for avp6-dependent invasion of SCC cells and can be inhibited
by peptides designed to mimic the C-terminal tail of P6 (personal communication - J
Marshall). This importantly suggests that targeting of a P subunit tail could influence the
cancer phenotype and reduce invasion.

W hile a v p 6 expression is frequently upregulated in SCCs, av p 5 is frequently
downregulated. Whether this is simply because an increase in endogenous p6 expression
displaces the p5 subunits or whether there is an additional advantage to the SCC in down
regulating avP5 is not known. In addition to effects on migration and invasion, integrins
may also influence cell differentiation. In a cell line lacking the av integrin subunit,
replacement led to the formation of the normal epithelial heterodimer avP5. This
renewed expression reduced anchorage independent growth and increased expression of
involucrin, a differentiation marker (Jones et al., 1996b). In contrast the replacement of
p4 into a SCC cell line lacking this integrin subunit had no effects on growth or
differentiation (Jones et al., 1996a).
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1.5 Kératinocyte Integrin Function
1.5.1 Keratinocyte adhesion and migration

Adhesion-blocking antibodies have defined the role of integrins in cell adhesion to and
migration on matrix proteins (Nguyen et ah, 2000; Watt, 1994). a 3 p l and a6 p 4 are
thought to have complementary roles. On laminin a 3 p l is required at the leading edge of
cell migration while a6P4 stabilizes attachment distally (DiPersio et al., 1997; Goldfinger
et al., 1999; Nguyen et al., 2000). The same two integrin herterodimers may also
collaborate in cell motility and wound healing (Mercurio et al., 2001; Nguyen et al.,
2000). The a 6 p 4 integrin is known to promote migration through several signalling
pathways including the activation of PI3-kinase (Mercurio et al., 2001) signalling via Rac
and Rho (O'Connor et al., 2000) and the MAPK pathway (Mainiero et al., 1997). Mice
with a targeted deletion of the a 6 or p4 subunits die shortly after birth with severe
blistering (Dowling et al., 1996; Georges-Labouesse et al., 1996; van der Neut et al.,
1996).

Mice with floxed p l alleles have been crossed with mice expressing Cre under the
control of the basal cell specific promoters keratin 5 or keratin 14 (Brakebusch et al.,
2000; Raghavan et al., 2000). These mice again show epidermal blistering and wound
healing experiments confirm that p l i s essential for keratinocyte migration in vivo (Grose
et al., 2002). An a3 knockout mouse develops occasional epidermal blistering (DiPersio
et al., 1997) while the a 3 p i and a6P4 double knockout has a phenotype no more severe
than the individual knockout mice (DiPersio et al., 2000). The a2 (Holtkotter et al.,
2002), a9 (Huang et al., 2000) and p5 (Huang et al., 1996) knockouts have no phenotype
although in vitro loss of pS leads to reduced migration (Huang et al., 1996).
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1.5.2 Epidermal stem cells

The identification of stem cells in the epidermis by molecular markers remains a
controversial area. Until now, the only accepted methods of identifying stem cells have
been analysis of their replicative behaviour in vitro and the identification of the longliving, slow cycling cells in vivo. Despite this, some progress has been made towards
identifying molecular markers that can distinguish stem cells from transit amplifying
cells.

p l integrins are expressed by all basal kératinocytes and it has been shown that as

kératinocytes leave the basal layer they down-regulate the expression of p i integrins
(Watt, 1994). Human kératinocytes can be analysed on the basis of whether they are
rapidly (within 20 minutes) or slowly adherent to p l integrin ligand (Jones and Watt,
1993) such as type IV collagen. The rapidly adhering cells are found to have a high
proliferative potential, whereas cells that adhere slowly divide only a few times before all
of their progeny undergo terminal differentiation. Thus, rapidly adherent cells resemble
stem cells while the slowly adherent cells behave like transit-amplifying cells. This
observation holds true whether cells are tested directly after isolating them from
epidermis or if they have been in culture (Jones et a l, 1995).

There is evidence to suggest that p l integrins are required to maintain kératinocytes in an
undifferentiated state. When kératinocytes are placed in suspension, they initiate terminal
differentiation. This can be inhibited by ligating p l integrins with ECM or antibodies
(Adams and Watt, 1989; Watt et a l, 1993). By analysis of mutations in the cytoplasmic
domain or ligand binding site of the p l integrin subunit for their ability to regulate
suspension-induced differentiation, it has been concluded that the signal transduced by p i
integrins is an instruction ‘do not differentiate’ (Levy et a l, 2000). Interestingly, Levy et
al also demonstrated that the regulation of terminal differentiation is independent of focal
adhesion localisation.
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All these findings argue for a role of p i integrins in keeping kératinocytes in the stem cell
compartment, but there are also arguments against p i integrin as a stem cell marker. For
example, not all cells expressing high levels of p l integrin are stem cells. High p l
integrin marks 20-45% of the basal cells, which is at least double the proportion that are
estimated to be stem cells in vivo (Jones et al., 1995).

Secondly the p l integrin knockout is lethal, but this is overcome when the p i integrin is
deleted specifically in kératinocytes by using the Cre/lox technique. Most K5 Cre mice
survive until they are about six weeks old, while the K14 Cre mice die within 2 days of
birth (Brakebusch et al., 2000; Raghavan et al., 2000). In both mice a proliferation defect
is observed, but they do not appear to have a higher rate of initiation of differentiation,
arguing against a role of p l integrins in keeping mouse kératinocytes in the stem cell
compartment. However, when kératinocytes are isolated from p i null mice and placed in
culture, they rapidly initiate differentiation (Grose et al., 2002). One possibility therefore
is that the lack of p i integrin can be compensated for to some extent in vivo but not in
vitro, or that p l plays different roles in mouse compared to human skin.

Another set of molecules proposed as stem cell markers includes the combination of high
a6 integrin expression and low expression of the transferrin receptor, recognised by
monoclonal antibody 1007 (Li et al., 1998; Tani et al., 2000). The a6-bright-1007-dull
cells are relatively quiescent in vivo and populations of these cells have very high long
term proliferative capacity. These cells also have a higher nuclear to cytoplasmic ratio, a
feature of immature cells (Li et al., 1998; Tani et al., 2000). However, the use of a 6 in
identifying stem cells remains controversial. It would be expected that stem cells, like all
basal cells, would express a6p4, however in a previous study Jones and Watt found only
a small correlation between the level of expression of a6p4 alone and proliferative
potential (Jones et al., 1995; Jones and Watt, 1993). In addition, mice lacking the a6P4
integrin heterodimer have severe epidermal blistering, but show no evidence of reduced
proliferation or abnormal differentiation (DiPersio et al., 2000). The role of ct6p4 does
therefore appear to be of anchorage alone rather than governing stem cell fate, but high
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a6 expression in combination with a low transferrin receptor expression may still be of
use as a stem cell marker.

Using high-level p i integrin expression as a marker, it has been possible to localise stem
cells in human epidermis (Jones et al., 1995; Mackenzie, 1970). The basal cells with
highest integrin expression are localised in evenly spaced clusters containing
approximately 40 cells. With the exception of palm and sole epidermis, these clusters are
on the tops of the dermal papillae. They are surrounded by an interconnected network of
integrin-dull cells, extending down into the rete ridges. Thus the integrin-bright clusters
form discrete islands surrounded by a “sea” of integrin-dull cells (Figure 1.7).

As stated above, it is unlikely that all of the integrin-bright cells are stem cells. It is
therefore possible that within an integrin-bright patch, stem cells are interspersed with
transit-amplifying cells. However, there is some evidence that this is not the case (Jensen
et al., 1999). Transit-amplifying cells can be identified on the basis that they have a high
probability of active proliferation, commitment to differentiation and exit from the basal
layer. Attempts have been made in the past to identify the proliferating and differentiating
cells in serial histological sections of human epidermis; however these cells are relatively
rare, and it has been difficult get a clear impression of their distribution within the basal
layer. Jensen developed a whole mount approach that makes it possible to visualise
proliferation and differentiation in the basal layer of an intact epidermis (Jensen et al.,
1999). This has made it clear that the integrin-dull regions of human epidermis contain
the vast majority of actively proliferating cells as assessed by BrdU incorporation, or
expression of the proliferation marker, Ki67 (Figure 1.7A). Cells expressing the early
differentiation marker KIO are found exclusively in the integrin-dull regions as are cells
that appear to be moving upwards out of the basal layer (Figure 1.7B).

A stem celFs decision: mechanisms of commitment to differentiation

Stem cells and their daughters must continuously make cell fate decisions. Stem cells
may remain quiescent or proliferate and their daughters can remain as stem cells or
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differentiate into transit amplifying cells. How are these decisions regulated in vivo? In
theory, the number of stem cells could be kept constant by ensuring that every stem cell
division is strictly asymmetric, giving one stem and one transit-amplifying daughter.
However, this mechanism alone could not explain how the stem cell pool in the
epidermis can expand in response to tissue damage. It seems that the cell’s interactions
with its microenvironment, both with its neighbours, the basement membrane and the
milieu of surrounding growth factors and other ligands governs cell fate decisions (Watt,
1998; Watt and Hogan, 2000).

Epidermal stem cells have the capacity for unlimited proliferation while their transit
amplifying daughter cells withdraw from the cell cycle after a few rounds of cell division
(Hall and Watt, 1989; Potten and Morris, 1988). Despite the extensive studies of terminal
differentiation in the skin until recently little was known about the process of transition
from the stem cell to transit amplifying cell.

The identification of stem cell markers has allowed workers to isolate and study these
cells using in vitro culture models while optimised retroviral transduction protocols have
greatly improved our ability to genetically manipulate primary human kératinocytes
(Levy et al., 1998). Thanks to these advances, several molecules have now been
implicated in regulating the decision of a stem cell to become a transit-amplifying cell
and studies have investigated signaling pathways involved in cell fate decisions
governing both differentiation and proliferation.

Integrins are able to transduce signals from the ECM into the cell in addition to their
mechanical adhesive function (Yamada and Miyamoto, 1995). One such pathway is the
MAPK pathway. Zhu and colleagues demonstrated in vitro that p i integrins and MAPK
cooperate to maintain the epidermal stem cell department. They found that after
introducing a dominant negative (31 subunit into cultured kératinocytes, MAPK activation
was reduced and exit from the stem cell compartment was promoted. Similarly using a
dominant negative MAPKKl mutant (reducing MAPK activation) reduced surface (31
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integrin levels while the opposite effect was seen with a constitutively active MAPK
mutant (Zhu and Watt, 1999).

Stem cells are known to have higher levels of non-cadherin-associated p-catenin than
transit-amplifying cells and over-expression of P-catenin has been shown to increase the
proportion of stem cells to 90% of the proliferative population in culture (Zhu and Watt,
1999). Meanwhile, expression of a dominant negative P-catenin mutant in cultured
kératinocytes, has been found to promote the formation of abortive, transit amplifying
colonies (Zhu and Watt, 1999). In vivo, targeted mis-expression of an activated form of
P-catenin in the basal layer of mouse epidermis has led to the reversion of basal layer
kératinocytes to a pluripotent state in which they can differentiate into hair follicles and
interfollicular epidermis (Gat et al., 1998).

p-catenin is known to regulate c-Myc (He et al., 1998). c-Myc is a DNA binding protein
from the basic helix-loop-helix/leucine zipper family that regulates transcription through
Max. c-Myc has established roles in the stimulation of proliferation, suppression of
differentiation, induction of apoptosis, and neoplastic transformation (DePinho et al.,
1991; Henriksson and Luscher, 1996; Morgenbesser and DePinho, 1994; Packham and
Cleveland, 1995) while down-regulation accompanies differentiation in most cell types
(DePinho et al., 1991; Gandarillas and Watt, 1995). In view of these powerful effects it
was expected that c-Myc would promote epidermal proliferation while down regulation
would initiate terminal differentiation. Surprisingly, over-expression of c-Myc was not
found to stimulate proliferation or apoptosis, but rather stimulated terminal differentiation
by driving stem cells into the transit amplifying compartment.

Gandarillas and Watt examined the effects of c-Myc on the stem cell compartment by
infecting normal human epidermal kératinocytes with retro viral vectors expressing either
wild type c-Myc or the steroid-activatable construct c-MycER in which c-Myc is held in
an inactive state until the addition of 4-hydroxy tamoxifen (OHT). They found that both
wild type c-Myc and activated c-MycER resulted in a reduction of cell proliferation and
an increase in the number of terminally differentiated kératinocytes. The increase in

42

Chapter 1

Introduction

terminally differentiated cells took 5 days, which appeared to indicate that stem cells
were being driven into the transit amplifying compartment rather than differentiating
directly from the action of the c-Myc construct. To test this the authors showed that when
OHT treated and untreated MycER cells were compared, the treated cells had a two fold
decrease in p l expression and clonogenicity assays demonstrated an increase in the
proportion of cells that founded abortive colonies (Gandarillas and Watt, 1997). These
assays both gave results similar in magnitude to that expected if cells had moved from the
stem to the transit amplifying compartment [Jones, 1995 #838].

Initial in vivo studies targeting Myc expression to the mouse epidermis did not produce
results consistent with the in vitro findings, (Pelengaris et al., 2000; Waikel et al., 1999),
however c-Myc expression was not targeted specifically to the basal epidermal layer and
hence the stem cells. 2 studies have broached this problem. The first used the the keratin
14 promotor targeting c-MycBR expression only in the basal layer (Arnold and Watt,
2001). c-Myc was activated using OHT and activation of c-Myc caused proliferation,
leading to a thickened epidermis with an increased number of differentiated cell layers.
Interestingly, while the interfollicular epidermal kératinocytes underwent a largely
normal differentiation program those of the hair follicle did not and demonstrated
abnormal morphology with increased numbers of sebocytes. c-Myc thus appeared to
promote sebaceous differentiation at the expense of hair differentiation. In addition this
phenotype was irreversible even after grafting of treated skin onto untreated recipients.

The second study used the keratin 14 promotor to drive expression of constitutively
activated c-Myc (Waikel et al., 2001). Homozygous mice again showed a hyperplastic
phenotype but most died before 21 days. Heterozygotes survived to adulthood, losing
their hair and developing spontaneous erosions of the skin. The skin showed a greater
proliferative index on BrdU labeling, but despite this, demonstrated no signs of wound
healing 4 days after a punch biopsy. It is postulated this is due to c-Myc down-regulating
(31 integrins, which in turn impairs keratinocyte migration. Using BrdU labelling this
study also indicated a 50% decrease in stem cells compared to wild type mice after 30

43

Chapter 1

Introduction

days, supporting the evidence of Arnold and Watt that deregulated expression of c-Myc
leads to stem cell depletion.

Kératinocytes must communicate with each other to ensure that the number of stem cell
daughters that differentiate is balanced by the number that remain as stem cells. One
protein that mediates such intercellular communication is Delta, a transmembrane
signaling molecule which sits on the cell surface and activates the Notch receptor in
surrounding cells (Artavanis-Tsakonas et al., 1999).

In epidermis. Delta is strongly expressed in the clusters of putative stem cells at the tips
of the dermal papillae. In order to study the role of Delta in stem cell differentiation,
Lowell et al used a retrovirus to force expression of Delta in primary kératinocytes
(Lowell et al., 2000). They then reconstituted epidermal sheets containing mixtures of
Delta-overexpressing cells and wild type cells, and used lineage markers to follow the
fate of individual cells within these cultures. Kératinocytes that were exposed to Delta
signals from their neighbours were stimulated to leave the stem-cell compartment and
initiate terminal differentiation after a few rounds of division. Thus, stem cells
themselves are the source of a signal. Delta, that can inhibit stem cell fate in surrounding
cells.

1.5.3 Integrins and terminal differentiation

Placing kératinocytes in suspension induces them to terminally differentiate, with the
majority of cells expressing differentiation markers within 24 hours (Adams and Watt,
1993; Green, 1977). Suspension induced differentiation is inhibited by p i integrin ligand
binding with fibronectin, anti-pl integrin antibodies, or indeed Fab fragments and ROD
peptides. This suggests that receptor ligation alone rather than clustering is the essential
factor (Adams and Watt, 1989). In addition actin polymerisation is not required (Adams
and Watt, 1989; Watt et al., 1993). Therefore, the inhibitory effect of p i ligation on
differentiation appears to be mediated through a different mechanism to p l mediated cell
spreading and migration. Further p i ligation must occur within 4 hours of suspension to
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stop cell commitment to differentiate (Adams and Watt, 1989), hence it would appear
that irreversible signalling events occur within four hours.

The p i integrin itself is regulated at two levels during suspension induced differentiation.
Initially kératinocytes functionally inactivate their p i integrins reducing subsequent
ability for adhesion (Adams and Watt, 1990; Hotchin et al., 1993). This can be reversed
with activating antibodies but the cells remain committed to differentiate (Hotchin et al.,
1993). Secondly, after 24 hours p l surface expression and mRNA levels are reduced
(Hotchin et al., 1995; Hotchin and Watt, 1992). Studies using wild type and mutant chick
p i subunits have demonstrated that it is the absolute number and not the proportion of
occupied receptors that regulates differentiation and that it is a negative signal not to
differentiate that is transduced by occupied receptors. Mutant integrins demonstrated that
disruption of the NPXY Cyto 2 or 3 did not suppress differentiation even if they inhibited
recruitment to focal adhesions. Deletion of membrane proximal domains however did
inhibit effects on differentiation as did disruption of the ligand binding motif. Hence the
important event is ligand binding, while clustering and recruitment to focal adhesions are
not required (Levy et al., 2000) and the downstream signals that regulate adhesion and
terminal differentiation are likely to be different.

SCC cells do not differentiate when held in suspension, but expression of wild type chick
p l integrins induces suspension in SCC4 cells that express a inactivating mutant
endogenous p i integrin (Evans et al., 2003). Hence, p l integrin signalling remains
important in SCC cells and maybe a cause for reduced SCC differentiation.
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1.6 Anoikis
ECM signals are crucial to the normal development and maintenance of cyto-architecture
and the tumover of mature tissues. Many of the signals derived are anchorage dependent
including cell survival signals exhibited by most normal cell types. Cancer cells can
perform anchorage independent growth in addition to having altered adhesive and
migratory properties (Frisch and Screaton, 2001). This ability allows cells to detach from
their normal matrix, migrate and invade through surrounding tissues and subsequently
grow in inappropriate environments as métastasés, often resulting in the death of their
host. Suspension induced apoptosis, or anoikis, was first identified in epithelial cells by
Frisch and Francis and in endothelial cells by Meredith et al (Frisch and Francis, 1994;
Meredith et al., 1993).

1.6.1 Anoikis and cancer

Tissues of all organisms must maintain a balance of cell proliferation, differentiation and
death. Anoikis is triggered when a cell has inadequate or inappropriate matrix attachment
and thus ensures that the correct cell number and organisation are maintained within an
organ. Resistance to anoikis contributes to neoplasia (Shanmugathasan and Jothy, 2000;
Streuli and Gilmore, 1999; Yawata et al., 1998). In particular it may enable cells to
survive detachment from their normal surroundings and proliferate in an unknown
environment. The loss of anoikis will confer a survival advantage to cancer cells enabling
them to detached from their matrix and later colonise secondary sites forming métastasés.
This survival advantage may be enhanced in the cancer environment where excessive
stimulation with growth factors can trigger cell proliferation or alternatively cytoskeletal
changes and cell rounding with subsequent apoptosis (Cao et al., 2000; Kottke et al.,
1999). Cells resistant to anoikis, perhaps by the activation of an oncogene, would survive.
Several oncogenes, for example Ras, can trigger both cytoskeleton-altering pathways and
resistance to anoikis (Schwartz, 2001).
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When placed in suspension cells undergo a number of changes which can individually
trigger apoptotic pathways. The cells alter their cytoskeletal architecture (Boudreau and
Jones, 1999; Flusberg et al., 2001), change growth factor and death receptor distribution
(Aoudjit and Vuori, 2001; Arora et al., 1995; Dvorak et al., 1995; Finbloom and Wahl,
1989) (Ashkenazi and Dixit, 1999), alter the composition of the lipid bilayer, elevate
cyclic AMP levels, uncouple GTPase signalling (Howe and Juliano, 2000; Lin et al.,
1997; Schwartz and Shattil, 2000), and alter nuclear transcription (Sadek and AllenHoffmann, 1994; Vitale et al., 1999). These multiple triggers ensure anoikis, but the
dominant trigger varies between cell type, possibly governed by the surrounding matrix
and differing integrin expression. The matrix, constantly changing during differentiation
and development, influences these decisions by integrin binding and signalling. As
discussed integrins signal through an array of transduction mechanisms and their effects
on the MAPK and PI3-kinase pathways are critical in the regulation of cyclin-dependent
kinases (CDKs) and cell cycle progression. Integrin promotion of sustained cell cycle
signalling is a basic mechanism by which integrins promote survival (Schwartz et al.,
2001).

Anoikis, like all forms of apoptosis, is executed by caspases. Caspases are a family of
cysteine proteases activated during apoptosis. They can be broadly divided into two
categories; the initiator caspases, (caspases 8, 9 and 10) which have long pro-domains
able to interact with other death domain containing proteins, and executioner caspases (17, and 11-14), which carry out proteolytic functions. These include fragmentation of
structural and functional protein substrates leading to the dismantling of the cells cytoarchitecture and finally DNA fragmentation. Substrates of caspase activity include the
signalling molecules |3-catenin and Akt, where cleavage leads to inactivation (Bachelder
et al,, 2001; Steinhusen et al., 2000) and MEKK leading to activation (Cardone et al.,
1997).

There are two major pathways leading to cell death, termed the intrinsic and extrinsic
pathways. Integrins affect both.
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1.6.2 The intrinsic death pathway

Environmental insults such as cytotoxic drugs, ultraviolet radiation, and starvation (serum
withdrawal) can lead to cytochrome C release from the mitochondria (Frisch and
Screaton, 2001; Rytomaa et al., 2000). An apoptosome is subsequently formed containing
cytochrome C, the initiator caspase 9 and a scaffolding protein Apafl. The apoptosome
then processes a number of substrates important in effecting cell death. These include
executioner caspases 3, 6 and 7 that can cleave and deregulate kinases, adaptor proteins
and nuclear factors (Carragher et al., 2001; Law et al., 2000; Lesay et al., 2001; Wolf and
Green, 1999) (Figure 1.7).

The intrinsic pathway of apoptosis is governed by the Bcl-2 family members which
control the release of cytochrome C from mitochondria (Cohen, 1997). Both pro- and
anti-apoptotic Bcl-2 family proteins exist, many of which bind to each other affecting
their function. It appears that the relative ratio of the family members controls the cell’s
sensitivity to various apoptotic stimuli. Abnormalities in this balance occur in cancer,
autoimmune disorders such as lupus, HIV infection, Alzheimer’s disease, and ischaemia
reperfusion injury after stroke and myocardial infarction (Scatena et al., 1998a). For
example the Bcl-2 gene (anti-apoptotic) is activated by chromosomal translocation in
most non-Hodgkin’s lymphomas (Tsujimoto et al., 1985; Weiss et al., 1987) while loss of
function mutations in Bax genes (pro-apoptotic) have been identified in many solid
tumours (Rampino et al., 1997). Over 20 Bcl-2 genes with different apoptotic functions
(sometimes differing in different cell types) have been found in humans and are shown in
Table 1.2.
Pro-Apoptotic

Bax, Bak, Bok (Mtd), Bad, Bid, Bim, Bik
Hrk, Bcl-Xs, APR (Noxa), P193, Bcl-G
Nip3, Nix

Anti-Apoptotic

Bcl-2, Bcl-XL, M cl-l, Bfl-1 (Al), Bcl-W
Boo (Diva)

Tablet.2 Bcl-2 family members
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1.6.3 The extrinsic death pathway

The extrinsic death pathway is classically triggered by stimuli at the cell surface
activating death receptors, such as the TNF receptor family (including TNFRl, Fas
(CD95, APOl), DR3 (AP02), DR4 (Traill - TNF-related apoptosis-inducing ligand
receptor 1), DR5 (Trail2) and DR6), that initiate clustering of death receptors (DRs). In
common with integrins, DRs can activate several signalling pathways including ERK,
INK and NFkB (Strasser et al., 2000). DR ligation results in the recruitment of adaptor
proteins such as F ADD through an interaction of their death domains. F ADD can then
recruit initiator caspases through interactions between death effector domains (DEDs) on
both the F ADD and caspases 8 and 10. These proteins form death-inducing signalling
complexes (DISCs) and their association leads to the auto-activation of the initiator
caspases (the ‘induced proximity model’) (Muzio et al., 1998). Caspase 8 may then
directly cleave executioner caspases (the extrinsic pathway, type I) or cleave Bid (a Bcl-2
family member) which triggers mitochondrial cytochrome C release and activation of
caspase 9 (the extrinsic pathway, type II) (Grossmann et al., 2001; Rytomaa et al., 2000)
(Figure 1.7). Caspase 9 may then lead to further cleavage and activation of caspase 8,
hence amplifying the signal (Rytomaa et al., 2000).

Integrins can have several effects on the extrinsic pathway. Activation of Ras or Akt can
reduce any amplification step normally carried out by caspase 9 by phosphorylating and
inactivating it (Cardone et al., 1998). Further ERK, Akt and NF kB pathways influence
the abundance of other DED containing proteins such as c-FLIP and PEA-15 which
compete with caspase 8 binding with F ADD, hence reducing caspase 8 recruitment to
DISCs, and inhibiting apoptosis. Integrin mediated remodelling of the actin cytoskeleton
is also likely to affect the extrinsic death pathway (Algeciras-Schimnich et al., 2002).
Dysregulation of actin can result in clustering of Fas (Kulms et al., 2002) and stimulation
of apoptosis, and the simultaneous ligation of DRs and integrins has also been seen to
facilitate apoptosis, possibly through improved DISC formation (Aoki et al., 2001;
Krzyzowska et al., 2001; Moreno-Manzano et al., 2000). It has been postulated that DRs
associate with matrix proteins such as fibronectin or vitronectin, and that disruption of
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integrin adhesion results in actin remodelling, which in turn leads to FADD-dependent
caspase 8 activation and anoikis (Frisch, 1999a).

In endothelial cells, stable integrin adhesion blocks the extrinsic apoptotic machinery.
Activation of the ERK l/2 signalling pathway increases the expression of c-FLIP, the
caspase 8 inhibitor, and decreases the expression and activity of Fas and Fas ligand
(Aoudjit and Vuori, 2001). Death receptor signalling may also regulate the activation of
Akt. Bachelder and colleagues showed that detached cells cleaved Akt and this was
dependent on caspase 3 and F ADD, leading to reduced cell survival (Bachelder et al.,
2001).

1.6.4 Integrins and control of cell survival and death

Resistance to apoptosis is achieved by a number of cell signalling pathways that can be
activated by integrins. Apoptosis relies on a balance between the stimulation of death
effector molecules and the inhibition of survival pathways. Signalling molecules known
to promote cell survival include FAK (Frisch et al., 1996b), Src (Windham et al., 2002),
MARK (Berra et al., 1998), nuclear factor kB (Van Antwerp et al., 1996), Bcl-2 and Bcl2 like proteins (Gajewski 98), and phosphatidylinositol 3-kinase (PI-3-kinase) and Akt
(Downward, 1998). Pro-apoptotic molecules include c-jun kinase (Ichijo et al., 1997;
Yang et al., 1997) and p38 kinase, BAD and BAD-like proteins (Gajewski and
Thompson, 1996), and the caspase family of proteases (Green and Kroemer, 1998; Slee et
al., 1999).

Integrin binding inhibits cell death

The abundance, function and localisation of Bcl-2 family members is regulated by
integrins and their signalling pathways. a5|3l and av(33 ligation directly increase Bcl-2
expression (Matter et al., 2001). This may occur through NF k B activation and
translocation to the nucleus, since several Bcl-2 proteins are regulated in this manner
(Duriez et al., 2000). Integrins are known to promote NF kB translocation to the nucleus.
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although the exact integrin heterodimer appears cell type specific (Bearz et al., 1998;
Ramarli et al., 1998; Scatena et al., 1998b). While inducing anti-apoptotic proteins,
integrins may also reduce pro-apoptotic Bcl-2 proteins. Both Akt and Raf can
phosphorylate BAD (Fang et al., 1999; Hayakawa et al., 2000) resulting in its
sequestration by the 14-3-3 protein family (Petosa et al., 1998) and as a result BAD
cannot dimerize and inactivate Bcl-2. avP3 may also suppress the expression of the proapoptotic Bax (Stromblad et al., 1996).

Cell death can be prevented after cytochrome C release by the control of caspase activity.
Integrin activation of FAK leads to an increased expression of inhibitors of apoptosis
proteins (lAPs), cIAPl, cIAP2 and XIAP (Sonoda et al., 2000). The lAP proteins bind to
and inhibit executioner caspases. Alternatively active Akt can phosphorylate and
inactivate human caspase 9 (Fujita et al., 1999) and the scaffold protein Apaf-1 (Zhou et
al., 2000) which inhibits apoptosome formation. Akt is negatively regulated by the
phosphatase PTEN and a lack of PTEN leads to increased resistance to apoptosis (Lu et
al., 1999), while activation can restore anchorage dependency in anoikis resistant cells
(Lu et al., 1999).

Several studies have elucidated the importance of integrins in controlling programmed
cell death. Firstly a number of the above signalling pathways have been implicated in the
underlying mechanism of anoikis, including FAK (Frisch et al., 1996b), PI3-kinase
(Khwaja and Downward, 1997) and c-Jun kinase (Frisch et al., 1996a), although the latter
has been disputed (Khwaja and Downward, 1997). Although anoikis occurs with a
general loss of cell matrix contact, it appears that specific integrins may contribute to
apoptosis under certain conditions. a 5 p l appears to protect against apoptosis triggered by
serum deprivation in Chinese hamster ovary (CHO) cells, human umbilical vein
endothelial cells (HUVEC), and HT29 colonic carcinoma cells through adherence to
fibronectin (Fukai et al., 1998; O'Brien et al., 1996; Zhang et al., 1995). a5|3l also
protects against neuronal cell apoptosis triggered by the p-amyloid peptide (Matter et al.,
1998). In breast epithelial cells the laminin receptor a 6 p l cooperates with insulin
signalling pathways in the prevention of apoptosis (Farrelly et al., 1999). Thus several
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integrins have been implicated in the control of programmed cell death in different cells
under different conditions.

Unbound integrins promote cell death

By holding cells in a matrix but denying them a specific ligand, investigators are able to
examine the effects of inhibiting ligand binding of an individual integrin. Apoptosis
stimulated by an unligand bound integrin in this model is termed ‘integrin mediated cell
death’. Using this method it has been found that integrins can stimulate an extrinsic type
pathway without the need for suspension or death receptor clustering. Non-ligation or
antagonism of avp3 or (31 integrins leads to a caspase 8 mediated cell death, both in vivo
(Brooks et al., 1994; Storgard et al., 1999) and in vitro (Bonfoco et al., 2000; Kozlova et
al., 2001; Stupack et al., 2001). The caspase 8 activation appears to result from the
clustering of integrins rather than death receptors. Indeed, integrins, caspase 8, and actin
are seen to co-localise in dying cells without F ADD or death receptors (Stupack et al.,
2001). Further, dominant negative forms of DD/DED that inactivate caspase 8 activation
by DRs do not inhibit this type of integrin mediated death (Stupack et al., 2001).

The role of PI3-kinase and Akt in integrin mediated cell survival

PI-3-kinase and its downstream effector Akt have emerged as a key regulator of cell
survival. Akt, a serine-threonine kinase, has been shown to be integral in the coordinated
signalling of insulin and the a6|3l integrin in promoting survival of mammary epithelial
cells (Farrelly et al., 1999). In Madin-Darby canine kidney (MDCK) cells, PI3-kinase
signals through Akt to protect against apoptosis mediated by loss of cell anchorage and
radiation (Khwaja and Downward, 1997), while Akt protects fibroblasts from c-Myc
mediated apoptosis (Kauffmann-Zeh et al., 1997).

Lee and Juliano showed that aS p i has a selective effect on the PI-3-kinase / Akt pathway
(Lee and Juliano, 2000). a5 but not a2 expressing rat small intestinal cells were protected
against apoptosis, an effect that was partially maintained in cells expressing a5 with a
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cytoplasmic domain deletion. The anti-apoptotic effect was reversed by a PI3-K inhibitor.
a5 expressing cells activated Akt (an effect enhanced by growth factor stimulation) on
adhesion and a dominant negative Akt construct inhibited the a5 anti-apoptotic effect in
serum free conditions.

These studies are quite distinct however from anoikis, in that the cells used are attached
and spread, thus it may be the presence of an integrin and its attachment to its ligand that
are important and not the state of detachment. Notably in the Lee and Juliano study the
cytoplasmic tail of the a5 integrin was not required for the effect. In contrast the study by
Zhang (Zhang et al., 1995) showed the protective effect of a5|3l to serum withdrawal
required the whole a5 cytoplasmic domain. They suggest that the integrin may be
interacting with other transmembrane partner proteins (Porter and Hogg, 1998) coupling
it to the Akt pathway or that integrin cytoskeleton associated proteins assist in the
formation of signal transduction complexes.

The role of FAK in integrin mediated cell survival

Integrin ligation activates FAK. Integrin signalling through activation of FAK has been
implicated in the regulation of anchorage dependent survival. Cells become apoptotic
when they are microinjected with an anti-FAK antibody or with a peptide corresponding
to the area of the p i cytoplasmic domain thought to be required for interacting with FAK
(Hungerford et al., 1996). In studies of anoikis, Frisch and colleagues showed a
constitutively activated FAK protected MDCK cells from anoikis (Frisch et al., 1996b).
Both the autophosphorylation site and a site critical to kinase activity were essential. This
effect was independent of activation of a growth factor response pathway. In addition,
attenuation of FAK expression leads to apoptosis in tumour cells (Xu et al., 2000).

Ilic and colleagues found that in endothelial cells and fibroblasts survival signals from
ECM, transduced by integrins and FAK, suppress a p53 mediated apoptotic pathway (Ilic
et al., 1998). Using different ways of inactivating FAK or p53 they demonstrated that in
the absence of activated FAK, a p53 dependent pathway is activated through cytosolic
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and diacylglycerol-independent Xh isoform of protein kinase

C (PKC). The pathway is suppressible by Bcl-2 and a pan caspase inhibitor but not by
CrmA (a cowpox virus derived protein that inhibits the prodomain caspases 2 and 8) and
thus is not related to the Fas-induced extrinsic death pathway. This suggests that the p53
dependent apoptotic pathway initiated by withdrawal of ECM is distinct from the death
pathway initiated by Fas and TNFa. Notably this pathway could not be overridden by a
constitutively active Akt construct, in contrast to the study demonstrating that FAK
related molecule PYK2 driven apoptosis could be over ridden by active Akt (Xiong et ah,
1997). FAK may then be involved in more than one pathway.
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1.8 Aims of this thesis
Integrins are the major cell surface receptors on epithelial cells and supply a bi
directional communication system between the cell and its environment. They impact on
signalling through both the intrinsic and extrinsic death pathways and are perfectly poised
to control a cell’s decision to live or to die. Strong integrin interactions with a
surrounding matrix may reassure the cell that it is well suited to its environment and
overcome pro-apoptotic insults. Alternatively cells lacking integrins that match the
surrounding extra-cellular matrix, either due to damage to the cell or its surrounding
environment, would be more susceptible to apoptotic insults and die. The importance of
these interactions is obvious in invasive events where the cells surrounding matrix
changes, such as inflammation, angiogenesis and tumour metastasis. Understanding the
changes implemented by the cells to survive these events will help in efforts to try and
manipulate them. It seems likely that the same interactions are also important in cell
differentiation and tissue remodelling. Both of these require cells to move from a ‘home’
environment and establish adherence to a new matrix. Recent work indicating a role for
both integrins and caspases in tissue differentiation support this.

Using the model of cell suspension, in this thesis I have investigated the role of the av|35
integrin in inhibiting anchorage independent growth in H357 cells (Jones et al., 1996b)
and looked at the mechanism through which this occurs. I have then extended the project,
using the same model, to investigate the mechanism of differentiation in epidermal
kératinocytes. The hypothesis being that kératinocytes have a mechanism where by they
can control the apoptotic pathway and proceed to differentiate rather than die.
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Figure 1.1 Structural features of an integrin heterodimer.
I domain - an extra 300 amino acids inserted in a l , a2 and leucocyte a subunits. The
domain has a MIDAS site (Metal Ion Dependent Adhesion Site) which mediates
ligand binding.
EF-Hand repeats - divalent cation binding sites
Cysteine rich region - multiple internal bonds
I like domain - the area responsible for RGD recognition and has 3 cation binding
sites.

68

Figure 1.2 Sub-families of the Integrin Receptors
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Figure 1.3 Integrin links to the cytoskeleton
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Figure 1.4 FAK dependent and independent activation of ERK, and activation of
JNK, Rac and Akt by ligation of integrins (adapted from Giancotti and Ruoslahti, 1999).
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Figure 1.5 H+E section of hyperproliferative human skin.
S - spinous layer
RP - Rete Pegs (Ridges)
DP - Dermal papillae
Taken from Basic Histopathology, Churchill Livingston.
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Figure 1.7 The spatial arrangement of stem cells and transit amplifying cells in the basal
layer of human epidermis.
A: Confocal micrograph of a whole-mount breast skin epidermis stained for pi integrins as
a marker of stem cells (green) Ki67 as a marker of actively proliferating cells (red).
B: Confocal micrograph of whole-mount foreskin epidermis stained for pi integrins as a
marker of stem cells (green) and keratin 10 as an early marker of terminal differentiation
(red). Only those keratin-10 positive cells that are still attached to the basement membrane
are visualised.
Scale bars: 100pm (figure reproduced from Jensen et al, 1999)

Stimulation of
Death receptors
TNF, Fas

EXTRINSIC
PATHWAY

Irradiation
Drugs

INTRINSIC
PATHWAY

DNA
Damage

PTEN
caveol

Caspase 8
Executioner

Growth factor
receptor

Grb2/SOS

^
►
Figure 1.8
The balance between
life and death. Adapted
from J Grossman, 2002

itochond

Cytochrgie C
Gasp 9
Initiator
caspases

Gasp 6
Gasp 7

Cell death

Cleave:
MEKK-1
Fak, Akt
P-catenin

Apoptosome

Proliferation, growth and survival

Chapter 2

Materials and Methods
2.1 Cell Biology
2.1.1 General solutions

The central cell services of Cancer Research UK fund provided sterile distilled, de
ionised water and solutions that are indicated by “CR-UK”. All reagents used were tissue
culture grade and sterile.

Phosphate buffered saline (PBS, CR-UK)

8

g NaCl, 0.35 g KCl, 1.43 g Na2HP 0 4 and 0.25 g KH 2PO 4 were dissolved in 1 1 dH 2 0 ,

adjusted to pH 7.2 and autoclaved. FES^bc was PBS supplemented with 1 mM CaCl2 and
1 mM MgCl2

Tris Buffered Saline (TBS)

lOx Stock solution was prepared by dissolving 24.2g Trizma base and SOg NaCl in IL
dH2 0 . The pH was adjusted to 7.6 and the solution was sterile filtered.

HEPES buffer
lOmM HEPES/NaOH pH 7.4; 140mMNaCl; 2.5mM CaCl2
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2 X HBS for Calcium Phosphate Co-precipitation Transfection

8.0g NaCl, 6.5g HEPES (sodium salt) and lOmls of Na 2HP 0 4 stock solution (5.25g
Na 2HP 0 4 dissolved in 500mls H 2O) to 500mls with H 2O; pH adjusted to 7.0 and the
solution was autoclaved.

EDTA solution (versene, CR-UK)

8g

NaCl, 0.2g KCl, 1.15g Na 2HP 0 4 , 0.2g KH2PO 4 and 0.2g ethyldiaminotetraacetic acid

disodium salt (EDTA) and 1.5ml 1% (w/v) phenol red solution were dissolved in IL
dH 2 0 . The pH was adjusted to 7.2 and the solution was autoclaved.

Trypsin solution (CR-UK)

8

g NaCl, 0.1 g Na2HP04, 1 g D-glucose, 3 g Trizma base, 2 ml 19% (w/v) KCl solution

and 1.5 ml of 1% phenol red solution were dissolved in 200 ml dH 2 0 . The pH was
adjusted to 7.7 and 0.06 g penicillin and 0.1 g streptomycin (Gibco BRL) were added. 2.5
ml pig trypsin (Difco 1:250) was dissolved in 250 ml dH20. Air was bubbled through the
solution until the trypsin dissolved. The trypsin solution was then added to the tris
buffered saline, made up to 1 1 with dH 2 0 . The solution was sterilised through filtration
through a 0.22 jam filter and stored at -20°C

Mitomycin C stock solution

Mitomycin C is an inhibitor of DNA synthesis and nuclear division. It is used to
metabolically inactivate J2-3T3 cells to form a feeder layer for the culture of primary
kératinocytes. A lOOx stock solution was prepared by dissolving 4 mg of mitomycin C
powder (Sigma) in 10 ml PBS. The final concentration used was 4 pg/ml.
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Puromycin Stock solution

100 mg puromycin powder was dissolved in 100 ml PBS, sterilised using a 0.22 /xm filter
and stored at -20°C.

Polybrene Stock solution

lOOmg polybrene powder (Sigma) was dissolved in 20 ml PBS to produce a
concentration of 5 mg/ml (lOOOx stock). The stock solution was sterile filtered through a
0.22pm filter, aliquoted and stored at -20°C.

2.1.2 Cultured cell types

Human epidermal kératinocytes were isolated from neonatal foreskins, grown and
serially passaged as described below. H357 and SCC4 cell lines were gifts S Prime
(Prime et al., 1990). MDCK cells were a goft from J Downward (Rytomaa et al., 1999).
J2-3T3 cells were used as feeder cells for supporting keratinocyte growth. Puromycin
resistant J2-3T3 cells (J2-puro) were used as feeder cells for retrovirally infected cells.
The Phoenix amphotropic packaging line was used to infect epithelial cell lines. All were
cultured on plastic dishes or flasks of tissue culture grade (Becton-Dickinson or Nunc) in
a humidified incubator at 37°C with 5% CO 2. Media or any solutions added to cells were
first warmed to 37°C. All cells were confirmed by the CR-UK Cell Production Unit as
being negative for mycoplasma infection. If any mycoplasma contamination was detected
all of those cell stocks were disposed of.

2.1.3 J2-3T3 and J2-3T3 Puro Cell Culture

J2-3T3 feeder cells (J2F) are a 3T3 derived clone selected from Swiss mouse embryo
fibroblasts for its ability to support keratinocyte growth (Rheinwald and Green, 1975). 75
cm^ flasks of J2 cells were washed with versene, incubated with versene/trypsin to detach
cells then passaged 1:10 and grown to confluence. J2-3T3-Puro (J2P) cells are J2F cells
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infected with the pBabe-puro retrovirus and were used to culture kératinocytes in medium
containing puromycin. Cultures of feeders could be maintained for 2-3 months before
transformed cells appeared which made them unsuitable for keratinocyte culture.

J2-3T3 and J2-3T3 Puro culture medium (E4+DCS)

J2-3T3 cells were cultured in Dulbecco’s modification of Eagle’s medium (DMEM) (E4,
CR-UK) supplemented with 10% (v/v) donor calf serum (DCS, Gibco BRL). For J2-3T3
Puro cells the medium was supplemented with 2.5 /xg/ml puromycin. Medium was stored
at 4°C until use.

Freezing and thawing of ceils

Cells were harvested as above then resuspended in DCS containing 10% (v/v) sterile
dimethyl sulphoxide (Gibco BRL).

1ml aliquots were then frozen in each cryovial

overnight at -70°C in insulated containers. One 75 cm^ flask was aliquoted into 3-5
cryovials. The vials were then transferred to liquid nitrogen storage. Thawing of the
cells was performed by transferring the tubes to a 37°C water bath. As soon as the cell
suspension was thawed it was added to 10ml of medium and centrifuged at 1,000 rpm for
5 minutes. The cells were then resuspended in medium and plated onto 25 cm^ flasks.

2.1.4 Culture of human epidermal kératinocytes

Isolation of primary human kératinocytes

Foreskins were obtained from neonatal circumcisions, with appropriate ethical approval
and informed parental consent, by Dr Cohen of the Fitzroy Clinic, London. Isolation of
primary kératinocytes was carried out as soon as possible after circumcision (Levy et al.,
1998). Under sterile conditions, using a pair of forceps and curved scissors, a piece of
foreskin was trimmed of dermal and fatty tissues. The foreskin was cut into pieces of
about 5 mm^ and transferred into a Wheaton Cellstir (Jencons) containing 5 ml trypsin
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and 5 ml versene and stirred over a magnetic stirrer at 37°C. Dissociated cells were
collected every 30 minutes and added to 5 ml keratinocyte culture medium. The number
of cells obtained was estimated using a haemocy tome ter. Dissociation of cells from the
tissue was continued with addition of fresh versene and trypsin solution. This procedure
was repeated 2 to 3 times before the number of cells obtained started to decrease. The
yield from a neonatal foreskin was usually between 1-5 x 10^ cells. Feeder cells had been
plated onto 25 cm^ flasks in readiness. Isolated cells were pooled, pelleted and plated at a
density of 10^ cells per 25 cm^ flask. Cells were cultured until just confluent. One flask
of cells was tested for mycoplasma infection by the CR-UK Cell Production Unit, while
the remaining cells were harvested and frozen at 10^ cells/ml as for J2-3T3 cells.
Kératinocytes from 1 isolation were used, know as km.

Keratinocyte culture medium (FAD+FCS+HICE)

FAD powder (Imperial Labs.) consisting of 1 part Ham’s F12 and 3 parts DMEM+180
pM adenine (final conc.) was supplemented with 3.07 g/1 NaHCOg, 100 lU/L penicillin
and 100 pg/1 streptomycin. FAD medium (CR-UK) was bubbled with CO2 until acidic in
pH before sterilising by filtration through a 0.22 pm filter. Medium was stored at 4°C
until use.

Stock solutions of additives were prepared. 10

cholera enterotoxin (ICN) was stored

at -20 °C. 100 pg/ml recombinant human epidermal growth factor (Sigma) was prepared
by first dissolving in 1/10 volume O.IM acetic acid (BDH) before adding to FAD
medium containing 10% (v/v) batch tested fetal calf serum (FCS, Imperial Labs) and
stored at -20°C.

The additives were combined into a lOOOx cocktail (HCE): 1ml

hydrocortisone, 100 pi cholera enterotoxin and 1 ml epidermal growth factor stock
solutions were added to 7.9 ml FAD medium with 10% FCS and stored at -20°C. The
final concentrations in the medium were 10^° M cholera enterotoxin, 0.5 g/ml
hydrocortisone and 10 ng/ml epidermal growth factor. lOOOx insulin stock solution (5
mg/ml in 5 mM HCl, Sigma) was stored at -20°C. The final concentration in the medium
was 5 pg/ml insulin.
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Complete keratinocyte medium (FAD+FCS+HICE) was prepared by adding 10% (v/v)
FCS, cocktail and insulin solutions to the FAD medium prior to use. For kératinocytes
infected with retrovirus puromycin was added to the medium at 1 ^g/ml. Complete
medium was stored at 4°C for up to 14 days.

Preparation of J2-3T3 cells as feeder cells

The culture of human kératinocytes requires co-cultivation with mitotically inactive J23T3 cells which are referred to as feeder cells (Rheinwald and Green, 1975). Feeder cells
were incubated with 4jHg/ml mitomycin C for 2-3 hrs at 37°C. Cells were then harvested
and plated onto flasks as described earlier. Cells from a confluent 75 cm^ flask were
placed onto between 3x 75 cm^ flasks or 9x 25 cm^ flasks. J2-puro cells were used as
feeder cells when kératinocytes were infected with retroviruses.

Serial culture of human kératinocytes

Frozen kératinocytes (passage 2-6) were thawed as described. The strain used was named
km. Each strain corresponds to kératinocytes isolated from a single individual. The
usual number of cells seeded per 1 x 75 cm^ flask was 2 x 10^ actively growing cells;
5x10^ cells from a frozen cryotube were plated in a 75 cm^ flask to allow for loss of
viability resulting from freezing and thawing. The medium was changed every 2 days.
A day prior to any experimental manipulation, kératinocytes were fed with fresh medium.

Kératinocytes were passaged just before they reached confluence. The cultures were
rinsed once with versene and then incubated with versene for 5-10 minutes at 37°C. This
treatment caused any remaining feeder cells to detach. Kératinocytes would round up but
would not detach from the flask. The versene solution was discarded and the remaining
kératinocytes were incubated in 5ml trypsin/versene solution (1 part trypsin and 4 parts
versene) at 37°C for about 10 minutes, until all kératinocytes had detached from the flask.
5ml medium was added to the suspension and the number of cells was counted using a
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haemocytometer. The cells were pelleted and resuspended in medium as described and
plated onto flasks with feeder cells; 10^ cells were added to a 25 cm^ flask or 2 x 10^ cells
were added to a 75 cm^ flask.

2.1.5 Culture of Squamous Cell Carcinoma cells

The H357 and SCC4 cell lines used in this work were originally derived from patients
with advanced oral squamous cell carcinomas (Prime et al., 1990; Rheinwald and
Beckett, 1981). These lines were cultured without a feeder layer.

2.1.6 Culture of Mandin-Darby Canine Kidney cells

Mandin-Darby Canine Kidney (MDCK) cells were cultured in the same way as J2 feeder
cells.

2.1.7 Retroviral Producer Cells

Retroviral producer cell culture

Helper free amphotropic packaging cells GP + e n v A M l l (abbreviated as AM 12)
(Markowitz et al., 1988c), were obtained from Dr P. Patel of the Institute of Cancer
Research, London. These cells were designed in conjunction with the pBabePuro vector
to reduce the risk of generation of wild type Mo MuLVirus via homologous
recombination (Markowitz et al., 1988a; Markowitz et al., 1988b). The packaging cells
were cultured in E4 medium supplemented with 10% (v/v) FCS (Sigma). For infected
retroviral producer cells the culture medium was supplemented with 2.5 pg/ml
puromycin. Phoenix ecotropic packaging cells were obtained from the American tissue
culture collection. Phoenix is a second-generation retrovirus producer lines derived from
the human embryonic kidney 293 cell line for the generation of helper free ecotropic and
amphotropic retroviruses. The lines had been created by placing into 293T cells
constructs capable of producing gag-pol, and envelope protein for ecotropic and
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amphotropic viruses. For both the gag-pol and envelope constructs non-Moloney
promoters were used to minimize recombination potential. Different promoters for gagpol and envelope were used to reduce their inter-recombination potential. Gag-pol was
introduced with hygromycin as the co-selectable marker and the envelope proteins were
introduced with diptheria resistance as the co-selectable marker.

Transfection of phoenix ceils

Ecotropic virus producer cells lines were generated by transfecting the phoenix
packaging cells with retroviral vector, and then using the virus containing supernatant to
infect A M I2 cells. This two step protocol gives higher viral titres than from normally
transfected producers (Levy et al., 1998) and allows production of amphotrophic virus for
infection of human cells. The transfection process used was a calcium phosphate
precipitation infection protocol (Prowse, 2003). 8 xlO^ phoenix cells were seeded onto a
100 mm dish the day before transfection. 5 minutes prior to transfection, chloroquine was
added to each plate at 25 ^M. Chloroquine increases the transfection efficiency by
neutralizing vesicle pH and thereby inhibiting lysosomal DNAse. 10 fxg DNA, 438 fil
CIH2O, 61 jLil 2 M CaC lj were mixed and brought to a 500 |nl total volume with dH20.
0.5mL 2xHBS was added, mixed by bubbling air through the mixture and the HBS/DNA
was added drop wise into 1 ml medium on the cells.

24 hours post-transfection the medium was changed. Retroviral supernatants were
collected at 65- to 90 hours after infection, filtered though a 0.45 fxm filter to remove
cells and added to AM12 cells.

2.1.8 Infection of AM12 cells

Producer lines that are generated by retroviral infection have higher viral titres than those
generated by transfection (Morgenstem and Land, 1990a; Morgenstem and Land, 1990b),
hence virus released into the culture medium by confluent Phoenix cells was used to
produce stable high titre AM12 producer cells. AM12 cells were seeded on 100 mm
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dishes at 1-2 x 10^ density the day before infection. 2.5 ml infection medium (viruscontaining medium collected from the Phoenix cells, supplemented with 5 p-g/ml
polybrene (Sigma) was added to the cells. After 12h infection at 37°C the infection
medium was replaced with fresh culture medium (E4 -f FCS). The selection medium
containing 2.5 jUg/ml puromycin was applied 48h later and changed every 2 days until
cells reached confluence.
Between 60-85% of AM12 cells had high surface expression of the transferred construct
and were FACsorted from negative cells under sterile conditions.

2.1.9 Infection of Kératinocytes and SCC cells

s e e cells and normal primary kératinocytes were seeded onto AM 12 cells expressing the
relevant construct in a co-culture method. Alternatively supernatant from the construct
expressing AM 12 cells was placed on the S e e cells with 5 pg/ml polybrene and left for
24 hours. The polybrene was then washed away and selection started with the relevant
antibiotic at 48 hours.
Between 70-85% of epithelial cells had high surface expression of the transferred
construct and were FACsorted from negative cells under sterile conditions.

2.1.10 Manipulation of cultured kératinocytes

The various inhibitors of signalling molecules used to manipulate keratinocyte activities
are listed below.

Table 2.1 Inhibitors used in this thesis

Compound

z-VAD-fmk

Target

Stock

Working

molecule/s

solution

concentration

General

20mM

lOOpM

Caspases
z-LIEH-fmk

Caspase 8

Source/references

ICN
Pharmaceuticals, Inc

20mM

lOOpM

Sigma
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z-LEHD-fmk

Caspase 9

20mM

lOOpM

Sigma

LY294002

PI3 kinase

50 mM

50 pM

Sigma (Vlahos et al.,
1994)

SB203580

p38

10 mM

10 pM

MAPK
U0126

MEKl/2

Sigma (Cuenda et
al., 1995)

10 mM

10 pM

Promega (Favata et
al., 1998)

All stock solutions were made up in DMSO, aliquoted and stored at -20°C

2.2 Assays of differentiation
2.2.1 Detection of markers of differentiation.

Fluorescence Microscopy

1 X 10^ SCC cells, or normal primary kératinocytes plated into a 25 cm^ flask with J2
feeders, were cultured until just preconfluent. The culture was then harvested as normal
by tyrpsin/versene, washed in PBS several times and resuspended at 1 x 10^ cells/ml in
PBS. Small amounts of each culture were then air dried onto duplicate wells of an 8 well
slide. Multiple slides were prepared. The slides were then fixed in 4% formaldehyde for
10 minutes and stored in PBS. Just prior to staining the cells were permeabilised in cold
methanol for 10 minutes. The slides were then stained using DH-1 or SY5 (human
involucrin) or SQ13C (human comifin) (Read and Watt, 1988). Multiple fields for each
condition were counted directly. Fields totaling three hundred cells were counted in each
case.
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Flow cytometry

Fluorescent staining of intracellular markers of differentiation was performed as
described under Flow Cytometry. Involucrin (SY5) and transglutaminase (B.Cl) primary
antibodies were used after permeabilisation of the cells.

Western Blotting

Immunoblotting was carried out to detect differentiation markers (involucrin, comifin,
transglutaminase and envoplakin) as described under immunoblotting.

2.2.2 Suspension culture to induce anoikis or differentiation

PolyHEMA coating of dishes

To minimise re-attachment of cells during suspension culture bacteriological grade
plastic petri dishes were coated with polyHEMA (type NCC, cell culture grade. Hydro
Medical) (Watt, 1989). A 10% polyHEMA (w/v) solution in 95% ethanol was prepared
by mixing end over end overnight at room temperature. To coat dishes stock solution was
diluted to 0.4% in ethanol/acetone (1:1). 5 ml of solution was added to a 100 mm dish
and swirled repeatedly to coat the base of the dish and then removed immediately. This
was repeated once. Coated dishes were left under sterile conditions to dry before use.

Methyl cellulose medium
3.5 g methyl cellulose (Sigma) was autoclaved in a 400 ml centrifuge tube. 180 ml FAD
was heated to 60 °C and added to the tube. The contents were stirred for 30 minutes at
30°C and then overnight at 4°C (Green, 1977). After addition of 20 ml FCS the medium
was centrifuged at 9,500 rpm at 4 °C. The medium was then aliquotted and stored at
-20°C until use. Immediately before use the medium was supplemented with HtCE as for
keratinocyte medium.
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Suspension culture

Newly confluent cultures of kératinocytes were harvested and resuspended at 10^ cells/ml
in complete FAD medium. The cells were then added slowly to the methyl cellulose
medium, simultaneously swirling the medium to ensure homgenous distribution of the
cells. The final concentration of cells was 10^ cells/ml. 50 ml of cell suspension was
poured into each polyHEMA coated dish and cultured overnight at 37 °C. Cells were
recovered by diluting the methyl cellulose with 10 volumes of versene and centrifuged in
a 250 ml conical bottom Beckman bottle at 2,000 rpm for 10 minutes at 4 °C.

2.2.3 Anchorage Independent Growth

Anchorage independent growth was measured using an assay for soft agar colony
formation (Jones et al., 1996b). 35 mm dishes were coated with 1 ml 0.3% agar (Seakem,
PMC Bioproducts) in FAD+FCS+HICE. 5 x 10^ cells were resuspended in 0.5 mis of
0.3% agar in medium and layered over the agar base. Cells were fed twice weekly with 1
ml medium per dish. After 3 weeks the dished were stained with nitroblue tetrazilium dye
(Sigma) in FAD+FCS+HICE for 24 hours. All colonies greater than 0.14 mm in diameter
in each of the three randomly chosen 0.8 cm fields were scored.

2.3 Assays for apoptosis
2.3.1 Sub-Gl Analysis

Cells were collected, washed and fixed in ice cold ethanol, vortexed and stored for 30
minutes on ice. After washing in PBS, DNA was stained with 5pg/ml propidium iodide
(50 pg/ml) in the presence of Rnase A (50 pg/ml) for 30 minutes at room temperature.
The DNA content was analysed using a FACSCalibur flow cytometer.
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2.3.2 TUNEL (terminal deoxynucleotidyl transferase-mediated dUPT nick endlabeling) assay for apoptotic cells

The protocol of the Promega Apoptosis Detection System was followed. Briefly,
resuspended cells were fixed in 5 ml 1% methanol-free formaldehyde for 20 minutes on
ice, centrifuged and then washed in 0.5 ml PBS. The suspension was mixed with 5 ml
70% ethanol and stored at -20°C for 4 hours. The cells were incubated in the kit
equilibriation buffer for 5 minutes, then added to the nucleotide mix and TdT enzyme.
The cells were incubated for 60 minutes at 3T C in the dark and the reaction was
terminated by adding 20 mM EDTA. The cells were centrifuged, resuspended in 0.1 %
TritonXlOO twice and then stained with 1 ml of 5 mg/ml propidium iodide containing
250 |uig of Dnase-free Rnase. The cells were analysed by flow cytometry, measuring the
green fluorescence of fluorscein-12-dUTP at 520 nm and the red fluorescence of
propidium iodide at 620 nm.

2.3.3 Nuclear Morphology
Fluorescence microscopy of DNA labeling was carried out on cells collected from
suspension. The cells were washed and fixed in 4% paraformaldehye for 10 minutes.
Cells were then permeabilised in 0.1% TritonXlOO for 10 minutes and stained with
Hoechst 33258 in PBS for 30 minutes. Nuclear morphology was examined using a Carl
Zeiss, Inc. fluorescent microscope with appropriate filters. Images of representative fields
were taken with a digital camera.

2.3.4 Annexin V staining

Annexin V staining was measured by flow cytometry. I million cells were harvested,
washed in PBS and resuspended in HEPES buffer. 5.3p,l of Anexin V- 647 was used. The
fluorescent wavelength 647 was used because some cells measured expressed GFP. The
cells were incubated in the dark for 30 minutes at room temperature, and then propidium
iodide added so that dead cells could be gated out during flow cytometry. Early and late
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apoptotic cells were identified depending on Annexin-V staining and propidium iodide
uptake. Early apoptotic cells stained with Annexin-V but not propidium iodide, while late
apoptotic cells stained with both due to the permeabilisation of the cell membrane.

2.3.5 Labelling active caspases
The Intergen Caspatag™ Pan Fluoresein Caspase Activity Kit detects active caspases in
live cells utilising a carboxyfluorescein labelled caspase inhibitor which binds
irreversibly to active caspases.Caspase positive cells are distinguished from negative cells
by their fluorescence intensity. FAM-VAD-FMK is a carboxyfluorescein (FAM)
derivative of benzyloxycarbonyl valyl alanyl aspartic acid fluoromethyl ketone (z-VADFMK) which is a potent inhibitor of caspase activity. Cells were harvested from the dish
or methylcellulose as described and then incubated with the as described in the Supplier’s
instructions with the CaspaTag at 37°C for one hour. The cells were then fixed and plated
on slides on analysed by flow cytometry.

2.4 Adhesion Assays
2.4.1 Vitronectin Preparation

Vitronectin was purified from human plasma by the method of Cheresh (Cheresh and
Spiro, 1987). Briefly 100ml plasma obtained from University College Hospital, London,
was clotted by addition of 2 ml of 1 M CaCl2- The clot was removed and the serum
filtered. 0.5 ml of 0.2 M PMSF and 2.5 ml of 0.2 M EDTA were added and the plasma
run over a Sepharose 4B column. The flow through was then run on a heparin-Sepharose
column (equilibrated in 10 mM Na2P0^, 0.13 M NaCl, 5 mM EDTA pH 7.7) to remove
fibronectin and other heparin binding proteins. The eluate was treated with 8M urea at
room temperature for 2 hr and then circulated over a second heparin column, equilibrated
in buffer (lOmM Na2P 0 4 , 8 M urea, 5 mM EDTA pH 7.7) for 12 hours. The column was
washed in 100ml equilibration buffer, then 100ml lOmM Na 2P 0 4 , 8 M urea, 5 mM
EDTA, 0.13 M NaCl pH 7.7. 1 column volume (5ml) of 10 mM Na2P 0 4 , 8 M urea, 5 mM
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EDTA, 0.13 M NaCl, 10 mM P-mercaptoethanol was run onto the column and the
column incubated overnight at room temperature. The column was eluted with 10 mM
Na^PO^, 8 M urea, 5 mM EDTA, 0.13 M NaCl. Fractions of eluted protein were pooled
and analysed by SDS-PAGE to determine purity and A280nm to measure protein
concentration. Over 10 mg of vitronectin was isolated from 100 ml plasma.

2.4.2 Cell Attachment Assay
96 well bacterial plates were coated overnight at 4°C with vitronectin in PBS at
appropriate concentrations. 100 ^1 of the ECM solution was applied to each well. Each
plate was blocked by incubation with 5% heat denatured BSA in PBS for 1 hr at 37°C.
The plates were then washed three times in PBS and used immediately.

Preconfluent flasks of cells were treated with 5 pM of CellTraker dye (Molecular Probes)
in serum free medium for 20 minutes at 37°C. The cells were then washed twice and
incubated in complete medium for a further 20 minutes. The cells were harvested using
trypsin/versene, washed in complete medium and then twice in TBS. The cells were
finally resuspended at 4 x 10^ cells/ml in TBS. Mn^^ (1 mM final concentration) was
added to assist ligand binding. 100 pi of the cell suspension was added to each well
(40000 cells). Plates were incubated at 37°C for an appropriate length of time and then
washed twice with TBS. The fluorescence from each well was measured on a fluorescent
plate reader and quantitated by comparison with a standard curve prepared from the same
cell suspension.
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2.5 Immunological Methods
2.5.1 General solutions

Paraformaldehyde solution

A 10 % solution was prepared by adding paraformaldehyde powder (BDH) to PBS and
heating at 60°C until mostly dissolved. A few drops of IM NaOH were added to
completely clear the solution which was then allowed to cool to room temperature before
adjusting the pH to 7.6 with HCl. The stock was aliquoted and stored at -20°C. A 4 %
paraformaldehyde solution was used to fix cells and tissue.

Formol saline (Prepared by CR-UK)

50g NaCl and 150g Na2S0 4 were dissolved in 81 of dHjO before addition of 11 of 40 %
formaldehyde. The final solution was made up to 101 and was not autoclaved.

Gelvatol mounting solution

The Gelvatol mounting solution was prepared as described by Harlow and Lane (Harlow
and Lane, 1988). 2.4g Gelvatol (Monsanto Chemicals) was mixed with 6g glycerol
(Sigma) and vortexed. 6ml dHjO was added, mixed and left to stand for 90 minutes at
room temperature. 12.5ml of 200mM Tris-HCl, pH8.5 was added and the solution was
vortexed, heated to 50°C and vortexed again. Heating and vortexing were repeated three
times and the solution placed on an end over end mixer overnight at room temperature.
DABCO (Sigma) was added as an antifade agent to 2.5 % and mixed to dissolve. The
solution was then centrifuged at 2000rpm for 10 minutes at room temperature and stored
in aliquots at -20°C until use.
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Antibody

Specificity

Dilution

Species

Reference/Source

Has4

Anti-human a2

IF 1:100

Mouse

(Tenchini et al., 1993)

VM-2

Anti-human a3

IF 1:100

Mouse

(Kaufmann et al., 1989)

7.2R

Anti-human a4

IF 1:100

Mouse

13C2

Anti-huiman av

IF 1:100

Mouse

Gift from J Marshall
and 1 Hart
(Davies et al., 1989)

PIIW7

Anti-human av

IF 1:100

Mouse

P1D6

Anti-human a5

IF 1:100

Mouse

GoH3

Anti-human a6

IF 1:100

Mouse

P1F6

Anti avp5

IF 1:100

Mouse

AB1932

Anti av|33

IF 1:100

Mouse

23C6

Anti av|33

IF 1:100

Mouse

10D5

Anti avp6

IF 1:100

Mouse

MPF410

Anti-human a6

IF 1:100

Mouse

P5D2

Adhesion blocking
hpi integrin
Adhesion blocking
chickpl integrin
Activating anti-hpi
integrin

IF 1:100

Mouse

IF 1:100

Mouse

IF 1:100

Mouse

3E1

Anti-human P4

IF 1:100

Mouse

(Ryynanen et al., 1991)

HC20

Anti-ER

IF 1:100
WB 1:500

Rabbit

44-622

Phosph-Akt 473

WB 1:1000

Rabbit

Santa Cruz
(Spyridopoulos et al.,
1997)
Biosource

#9272

Total Akt

WB 1:1000

Rabbit

Cell Signalling

#9102

Erkl/2

WB 1:1000

Rabbit

purchased from Cell
Signaling Technology

JG22
TS2/16

(Jones et al., 1996b)
gift of J Marshall
(Thomas et al., 2001a)
Chemicon
(Sonnenberg, 1993)
(Weinacker et al.,
1994)
Chemicon
(Horton et al., 1985)
Chemicon
(Thomas et al., 2001a)
Chemicon
Gift from Bodmer
(Anbazhagan et al.,
1995)
(Dittel et al., 1993)
(Greve and Gottlieb,
1982)
(van de Wiel-van
Kemenade et al., 1992)
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WB 1:1000

Rabbit

WB 1:2000

Rabbit

SC-1647

Phospho-Erkl/2
(Thr202/Tyr204)
Phospho-Erkl/2
(Thr202/Tyr204)
ERK2

WB 1:1000

Mouse

purchased from Cell
Signaling Technology
purchased from Cell
Signaling Technology
Santa Cruz

AC40

actin

WB 1:1000

Mouse

purchased from Sigma

SY-5

Human involucrin

Mouse

[Hudson, 1992 #268]

B.Cl

Transglutaminase I

IF 1:100
WB 1:500
IF 1:100

Mouse

SQ37C

Human comifin

WB 1:5000

Rabbit

AUl

Amino acid Tag

WB 1:1000

Mouse

gift of Dr R. Rice
[Thacher, 1985 #393]
gift of Dr A. Jetten
[Fujimoto, 1993 #462]
Babco

Alexa488

Anti Rabbit Alexa
488 conjugate
Anti Mouse Alexa
488 conjugate
Anti Rabbit Alexa
594 conjugate
Anti Mouse Alexa
594 conjugate
Anti Mouse HRP

IF 1:500

Goat

Molecular Probes

IF 1:500

Goat

Molecular Probes

IF 1:500

Goat

Molecular Probes

IF 1:500

Goat

Molecular Probes

WB 1:2000

Sheep

Amersham

Anti Rabbit HRP

WB 1:2000

Donkey

Amersham

#9101

ElO

Alexa488
Alexa594
Alexa594

Table 2.2 Antibodies used in this thesis

2.5.2 Immunofluorescence Staining

Preparation of cells

Cells were cultured on tissue culture plastic microscope slides (Nunc) or on glass
coverslips (Chance Propper Ltd.). Coverslips were first boiled in 7x detergent (ICN) for
30 minutes to remove silicone coating. They were rinsed thoroughly first in tap water
and then in dH^O. Washed coverslips were rinsed briefly in absolute ethanol and spread
out on filter paper to dry completely before autoclaving. Alternatively the washed
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coverslips were coated with ECM proteins overnight at 4°C, cells were then plated onto
the coverslips and allowed to spread before fixation.

Fixation of cells
After discarding the culture medium cells were rinsed in PBS and fixed in either 4%
paraformaldehyde solution or 4% formaldehyde solution for 15 minutes at room
temperature. Fixed cells were rinsed three times in PBS, and then incubated in PBS^bc
containing 2% PCS for at least 30 minutes at room temperature to reduce non-specific
antibody binding. To stain cells for focal adhesion components, cells were fixed for 10
minutes with 4% formaldehyde in PBS containing 0.1% Triton X-100 (Levy et al., 2000).

Preparation of cryosections of human skin

To produce frozen sections, small 0.5cm squares of human skin were placed in a plastic
mould containing O.C.T compound (BDH) and then frozen on liquid nitrogen - cooled
isopentane. Frozen blocks were stored at -70°C. 6pm sections were cut with a
cryomicrotome (Reichart-Jung) and mounted onto slides (Superfrost Plus, BDH). All
sectioning was performed by the CR-UK Histopathology Unit. Frozen sections were
thawed at room temperature for 20 min and then fixed in 4 % paraformaldehyde for 10
min, also at room temperature. Fixed sections were washed with 3 changes of PBS before
immunostaining.

Immunofluorescence staining protocol - sections

Fixed sections were blocked with 10 % goat serum (Sigma) in PBS for 1 h at room
temperature and then incubated with primary antibody diluted to an optimal
concentration in the blocking solution. Typically, sections were incubated with the
primary antibody for 1 h at room temperature. When using phospho-specific antibodies
PBS was replaced with TBS as the phosphate present in PBS interferes with recognition
of the phospho-epitope by these antibodies (Dr Douglas Campbell, personal
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communication). Sections were then washed in PBS or TBS 3 times for 20 min each
wash. After labelling, the secondary antibody coupled to a fluorophore (either Alexa 488
or Alexa 594) was applied at a dilution of 1:1000 in blocking solution for 30 min at room
temperature. Sections were then washed as before and finally rinsed 3 times in dHjO for
5 min each to remove PBS. Stained sections were mounted in gelvatol solution. In some
experiments, sections were double stained using two primary antibodies of distinct
species simultaneously and then probed with species-specific secondary antibodies
coupled to different fluorophores. Hoechst 33258 (10|ig/ml) was used as a nuclear
counter-stain. Stained sections were viewed using either a Zeiss Axiophot microscope
(Carl Zeiss) or a Zeiss LSM 510 confocal laser scanning microscope (Carl Zeiss) with an
argon laser at 488nm and 568nm and a helium-neon laser at 633nm.

Immunofluorescence staining protocol - cells

Cultured cells were incubated in blocking solution for 30 minutes at room temperature.
Primary antibodies were diluted in the blocking solution and applied to cells for 45
minutes at room temperature. The cells were rinsed three times in blocking solution and
then incubated with the secondary antibody diluted in blocking for 45 minutes at room
temperature. The cells were then rinsed three times in blocking solution, once in PBS,
and once in dH20, before mounting in Gelvatol solution.

In co-localisation experiments using a double immunofluorescence method, cells were
stained with two primary antibodies. Both primary antibodies were of distinct species
and these were subsequently probed with species-specific secondary antibodies
conjugated to different fluorophores. The antibodies were applied in the following
sequence: first primary; first secondary; second primary; second secondary, with
thorough washes in blocking solution between each antibody application.
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2.5.3 Flow cytometry

To stain keratinocyte intracellular epitopes for flow cytometry, harvested cells were first
washed with 10 ml PBS^bc and then fixed in 4 % paraformaldehyde for 10 min at room
temperature. Fixed cells were washed twice in PBS^bc and at this point could be stored at
4°C for up to a week before immunostaining. The following method used for staining
intracellular epitopes is modified from (Gandarillas and Watt, 1997). Up to 5x10^ fixed
cells were placed in an Eppendorf tube in 0.45 ml PBS to which was added 50 p-1 of a 3 %
saponin (Sigma) solution to permeabilise the cells. The stock saponin solution was 10 %
(w/v) in PBS, aliquoted and stored at -20°C. After incubation for 20 min at room
temperature, 0.5 ml of PBS was added and the cells pelleted by spinning in a bench top
centrifuge at 14000 rpm for approximately 16s. The pellet was resuspended in 100 |il of
primary antibody diluted in 10 % PCS and 0.1 % saponin in PBS (PSF) and incubated for
20 min at room temperature with occasional agitation. The cells were then washed twice
in 1 ml PSF before resuspending in 100 pi Alexa 488 conjugated secondary antibody
diluted 1:100 in PSF. After a 20 min room temperature incubation, cells were again
washed twice in PSF and finally resuspended in 0.5 ml PBS. The stained kératinocytes
were analysed on a Becton-Dickinson FACScan machine.

2.6 Biochemistry
2.6.1 Extraction of proteins

Extraction of proteins for Western blot analysis

Kératinocytes that were to be harvested for Western blot analysis were washed twice in
PBS, then lysed on ice in a modified RIPA buffer containing 50 mM Tris pH 8.0,
150 mM NaCl, 1 % NP-40, 0.1 % SDS, 0.5 % Deoxycholate, 5 mM EDTA and 1 %
Triton X-100 which was supplemented with protease and phosphatase inhibitor cocktails
(Sigma). The inhibitor cocktails were used at a dilution of 1:100 and were aliquoted and
stored according to the Manufacturer’s instructions. Phosphatase cocktails 1 and 2 were
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both used to inhibit as broad a range of protein Tyr and Ser/Thr phosphatases as possible.
The protease inhibitor cocktail is specifically designed for mammalian tissues. Cells were
scraped into the supplemented RIPA buffer and stored at -20°C. Immediately prior to
use, samples were thawed and cell debris pelleted by centrifugation at 14000 rpm for 10
min at 4°C in a bench top centrifuge. The supernatant was assayed for protein content and
then used for subsequent analysis. For the measurement of involucrin cells were
harvested in a 20mM EDTA solution and then sonicated briefly, spun and the pellet
discarded.

BCA protein assay

The concentration of protein in samples was determined using a BCA protein assay kit
(Pierce). The kit is based upon the Biuret reaction involving the reduction of Cu^^ ions to
the Cu^^ (cuprous) ion by protein in alkaline medium. Chelation of the cuprous ion to
bicinchoninic acid (BCA) molecules provides a sensitive colourimetric detection method
with the reaction product exhibiting a strong absorbance at 562nm. The absorbance is
linear over a 20-2000 pg/ml protein concentration range. A protein standard curve was
produced from 0 to 2000 pg/ ml protein by making dilutions of a 2 mg/ ml BSA solution
(Pierce) into PBS according to the Manufacturer’s instructions. Protein samples to be
assayed were diluted 1:4 to 1:5 in PBS to minimise interference of lysis buffer detergent
and supplements with the reaction and also to place the protein concentration within the
standard curve. The assay was set up on a 96-well plate (DYNEX Technologies)
according to the Manufacturers instructions and all standards and samples were assayed
in triplicate wells. The plate was incubated at 37°C for 30 min and the absorbance at
562nm was then read on a Titertek Multiscan MCC/340 MKII spectrophotometer. The
protein concentration of each sample was determined against the standard curve.
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2.6.2 SDS-PAGE

Laemmli sample buffer
2x Laemmli sample buffer (reducing) comprised 125mM Tris-HCl, pH6.8, 2% SDS, 20%
glycerol, 0.02% bromophenol blue and 10% (v/v) p-mercaptoethanol (Laemmli, 1970).
The sample buffer was aliquoted and stored at -20°C.

SDS-PAGE running buffer
50mM Trizma, 384mM Glycine and 0.1% SDS.

Polyacrylamide Gel Electrophoresis (SDS-PAGE)
Vertical mini-gel electrophoresis apparatus (Atto) was used. Gels were prepared between
the glass plates using the method of Laemmli (Laemmli, 1970). The table below
describes the gel compositions. Immediately after pouring the resolving gel solution,
0.5 ml of dH20 was carefully applied to ensure a level interface as well as to eliminate an
air-acrylamide interface. Gels were allowed to polymerise at room temperature for
approximately 30 min. The dH20 layer was discarded from the top of the resolving gel
and the stacking gel solution was then poured. An 8 or 12 well comb was inserted to
create wells and the gel was left to polymerise. After the gel had set, the comb was
removed and the wells were flushed with SDS-PAGE running buffer which comprised
50mM Trizma base, 384mM glycine and 0.1% SDS.

Equal amounts of protein from each sample (typically 10-20 pg total protein) were
diluted into Laemmli sample buffer and placed in a 100°C hot block for 5 min before
being briefly spun down in a bench top centrifuge and applied to the wells using capillary
pipette tips. 10 pi pre-stained rainbow molecular weight markers (Amersham) were
added to 10 pi Laemmli sample buffer, boiled for 5 min and loaded into one of the wells.
Samples were electrophoresed at 120V until the dye front had run off the bottom of the
gel and the gel was then removed and prepared for Western blot.
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Table 2.3 Preparation of SDS-PAGE gels
Stock solutions
Solution A

40 % Acrylamide mix (37.5:1 acrylamide to bisacrylamide ratio) (Amresco)

Solution B

3M Tris-HCl, pH 8.8 (BDH)

Solution C

10 % SDS in dH^O

Solution D

2M Tris-HCl, pH 6.8 (BDH)

AP

10 % ammonium persulphate (Bio-Rad) in dH20,
aliquots stored at -20°C

TEMBD

N,N,N’,N’-tetramethylethylenediamine (Bio-Rad)

Resolving gels (15 ml)
stock solutions
A

B

C

dH^O

AP

TEMED

8%

3 ml

1.9 ml

0.15 ml

9.8 ml

0.15 ml

9^1

10%

3.75 ml

1.9 ml

0.15 ml

9.05 ml

0.15 ml

6 pi

12%

4.5 ml

1.9 ml

0.15 ml

8.3 ml

0.15 ml

6 pi

15%

5.625 ml

1.9 ml

0.15 ml

7.715 ml

0.15 ml

6 pi

Stacking gel (10 ml)
stock solutions
A

C

D

dH^O

AP

TEMED

1.275 ml

0.1 ml

0.625 ml

7.85 ml

0.1 ml

10 pi
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2.6.3 Western Blotting
Semi-dry transfer
Semi-dry transfer buffer

lOx stock solution comprised 0.2 M Tris-HCl, pH 7.5 and 1.5 M glycine. The solution
was filtered through a 0.22 pm filter and stored at room temperatute. The semi-dry
transfer solution was made by diluting the stock 10 fold in 0.1 % SDS and 20% (v/v)
methanol.

Protocol

After SDS-PAGE electrophoresis proteins were transferred onto a Millipore Immobilon
PVDF (polyvinylfluoride) membrane (pre-wetted in methanol) using a semi-dry transfer
unit (Trans-Blot-SD, Bio-Rad) for 1 hr at 200 mA. After transfer the membrane was
briefly washed in TBS containing 0.05% Tween (TBST), then incubated in TBST
containing 5% milk powder (Premier Brands UK Ltd) for 2 hr at room temperature to
block non-specific binding of antibodies.

Wet Transfer

Transfer buffer

The transfer buffer for wet transfer Western blotting was made up freshly each time:
8.75g Trizma base and 43.5g Glycine were dissolved in 500 ml dHzO to which was added
15 ml of a 10 % SDS solution. The buffer was made up to 1.21 before the addition of
300 ml of methanol and was then thoroughly mixed.

Protocol
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After electrophoresis, proteins were transferred onto PVDF membrane (Millipore) which
had been pre-wet in absolute methanol. Mini-Tran^ Blot Cells (Bio-Rad) were used to
transfer the protein and were set up according to the manufacturers instructions. Transfer
took place for 1 hour 15 min at 350mA current using the supplied cooling units. The blot
was rinsed briefly in TBS containing 0.1 % Tween-20 (TBST) before blocking with 5 %
milk powder (99 % fat free, Premier Brands UK Ltd.) dissolved in TBST for at least 1
hour at room temperature.

Probing blots with antibodies and detection using ECL

Blocked membranes were incubated with primary antibody typically diluted in 5 % milk
powder solution in TBST. Some antibodies were diluted in 5 % BSA in TBST (according
to manufacturers instructions). Incubation with primary antibody was at 4°C overnight
with gentle agitation. After 3 x 20-30 min washes with TBST, the blots were incubated
for 1 hour at room temperature with HRP-coupled secondary antibody diluted 1:2000 in
5 % milk, TBST. Membranes were then washed 3 or 4 times with TBST. To detect bound
HRP, a chemiluminescence kit was used according to the Manufacturer’s instructions
(“Western Lightning” NEN). X-ray films were exposed in autoradiography cassettes
lined with reflective screens. If blots were to be re-probed they were stripped in a
200 mM glycine pH 2.5 containing 0.4 % SDS for 30 min at room temperature with
agitation. Blots were then rinsed in IM Tris-HCl pH 7.5 and washed 3 times for 5 min
each with TBST before re-blocking and subsequent incubation with another primary
antibody.
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2.7 Molecular Biology
2.7.1 General Solutions for Bacterial Culture
L-broth (CRUK)

L-broth comprised 1% Bacto-Tryptone (Difco), 0.5% yeast extract (Difco) and 170 mM
NaCl and was sterilised by autoclaving.

L-agar (CRUK)

L-agar comprised 1.5% bacto-agar (Difco, w/v) in L-broth. The agar was dissolved by
heating in a microwave oven and allowed to cool to 50°C before adding the selection
antibiotic. The solution was then poured into 100 mm bacteriological petri dishes and
left to set on a level platform. Agar dishes were stored at 4°C, agar side up.

Ampicillin stock solution

Ampicillin (Sigma, stock 100 mg/ml in dH20) was used as a selection antibiotic and was
added to LB or L-agar to a final concentration of 100 /xg/ml.

Kanamycin stock solution

Kanamycin (Sigma, lOOOx at 25 mg/ml) was used as a selection antibiotic and was added
to LB or L-agar to a final concentration of 100 /rg/ml.
2.7.2 Transformation of bacteria

Heat shock transformation of TOPIO cells
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50 |xl of competent bacteria were thawed at room temperature and then incubated on ice
for 10 minutes. DNA (0.1 pg for ligations or 1 ng for plasmids) was added, mixed and
left on ice for 30 minutes. The bacteria were then heat-shocked at 42°C for 45 seconds
and transferred onto ice for 2 minutes. 4 volumes of SOC medium (CR-UK) were added
and the tube was incubated at 37°C for 1 hour. 100 pi culture was spread out onto plates
containing L-agar and either ampicillin or kanamycin as appropriate and incubated
overnight at 37°C. Single colonies were picked with a sterile loop to inoculate L-broth
medium.

2.8 DNA and PCR techniques
2.8.1 General solutions

All reagents used were of molecular biology grade. When possible, solutions were
autoclaved after preparation to destroy DNases.

Tris/EDTA buffer (TE)

TE was used as a general storage buffer for DNA and comprised 10 mM Tris-HCl and 1
mM EDTA, pH 8.0.

Tris-acetate-EDTA buffer (TAE)
A 50x stock solution was prepared by dissolving 242g Trizma base and 57.1 ml glacial
acetic acid (BDH) in dH20.

100 ml 0.5M EDTA, pH 8.0 were added and the final

volume was made up to 11.

Agarose/TAE gel
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This was used in the electrophoresis of DNA. 0.8-2% (w/v) ultra pure agarose (Gibco
BRL) was melted in a microwave oven in Ix TAE buffer. Ethidium bromide was added
at 0.05 pg/ml to agarose solution before casting in gel mould. Typically, DNA was
electrophoresed at constant voltage of 80-100 V in Ix TAE buffer.

DNA loading buffer
6x DNA gel loading buffer comprised 0.25% bromophenol blue (Sigma), 0.25% xylene
cyano (Sigma) and 15% Ficcol (Sigma) in dH^O.

Purification of DNA from agarose gels.
The percentage of agarose used in a gel was dependent on the size of DNA fragment that
was to be purified; a 0.5kb fragment was typically run on a 2 % gel whilst fragments of
3kb and larger were run on 1 % or 0.8 % gels. Ikb and lOObp DNA ladders (NEB) were
run alongside to determine fragment size. The gel slice containing the correct fragment
was removed using a clean scalpel. DNA was then purified from the agarose using a
Qiagen Gel Extraction kit. DNA was resuspended in 10 mM Tris-HCl pH 8.5.

Enzymatic manipulation of DNA fragments
Restriction enzymes and T4 DNA ligase were purchased from NEB and used for
restriction digestions and DNA ligations, respectively. DNA polymerase Klenow
fragment (NEB) and dNTPs (Gibco BRL) were used to blunt end DNA fragments. Calf
intestinal alkaline phosphatase or shrimp alkaline phosphatase (Boehringer Mannheim)
were used to remove 5’ phosphate groups from DNA fragments.

Preparation of plasmid DNA
To screen colonies after ligation and transformation, single colonies were picked and
inoculated in 5 ml LB media containing the appropriate antibiotic, then grown overnight
in a 37®C agitator. 2 ml of the overnight culture was used for small scale preparation of
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plasmid DNA whilst the remainder was stored at 4®C. Qiagen mini-prep kits (Qiagen
Ltd.) were used for this initial plasmid purification. For maxi preparations, 0.5 ml of the
overnight culture was added to 150 ml LB plus antibiotic and incubated overnight at 37°C
in an agitator. Bacteria were pelleted by centrifugation at 6000 rpm for 15 min in a
Beckman J2-21 centrifuge. The plasmid DNA was then purified using a Qiagen maxi kit
according to manufacturers instructions.

Quantitation of nucleic acids
Nucleic acids were diluted in 10 mM Tris-HCl pH 8.5 and placed in disposable plastic
UVettes (Eppendorf). Absorbance at 260nm and 280nm was read in an Eppendorf
BioPhotometer with the correct DNA or RNA program set-up.

2.8.2 Restriction enzyme digestion
All restriction enzymes were purchased from NEB and used as per the Manufacturer’s
instructions.

2.8.3 PCR
PWO (Roche), an error checking polymerase was used according to the Manufacturer’s
instructions for producing blunt ended fragments. 2x PCR Master Mix (Promega) was
used for producing small PCR fragments for sequencing.

2.8.4 Sequencing

Sequencing reactions were performed using BigDyeTerminator mix and analysed by the
staff of the equipment park at CRUK, 44 Lincoln’s Inn Fields. Unincorporated primers
and deoxynucleotides were removed from PCR products using shrimp alkaline
phosphatase and exonuclease I (AmershamPharmacia). PCR primers were used for all
sequencing reactions. Sequencing reactions were carried out using ABI PRISM BigDye
Terminator Cycle Sequencing Kit versions 2 and 3 (Applied Biosystems) with
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electrophoresis of the products on 310 and 3100 Genetic Analysers (Applied
Biosystems). Data analysis was carried out using Sequence Analysis 3.0 (Applied
Biosystems) and SeqMan (DNAStar) software and by visual inspection of
electropherograms.

2.8.5 Sub-cloning cDNA constructs into the pBabePuro retroviral vector
pBabePuro was a gift from Dr H. Land (Morgenstem and Land, 1990a; Morgenstem and
Land, 1990b). It is a high titre, direct orientation, replication deficient retroviral vector
which expresses the inserted gene from the promoter within the Mo MuLV long terminal
repeats (LTR) and an RNA encoding puromycin resistance marker from the SV40
internal early promoter (Figure). Homologous env coding sequences are deleted in the
vector (ATG-gflg) without compromising recombinant vector titre.

The av-pBabePuro construct

The av-pBabePuro construct was made by removing the human a v cDNA from
avH37000 (gift from John Marshall) by cutting with Not\ and blunting with a nucleotide
mixture and Klenow enzyme. The av cDNA was then inserted into Snabl cut, shrimp
alkaline phosphatase treated pBabePuro vector using T4 ligase.

Construction of a4pBabePuro
This construct was already available within the laboratory and was a kind gift from Ian
Hart.

Construction of P6pBabePuro
This human construct was a kind gift from J Marshall (Thomas et al., 2001b).
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Construction of eGFP dNFADD A U l pBabePuro
The DNA coding cGFF-dNFADD-AUl was sequentially cut out of pcDN A3 -AU 1-NF4D
(kind gift from Julian Downward) with Nhe\ and BamHl and blunted with a nucleotide
mixture and Klenow enzyme. It was then inserted into Snabl cut, shrimp alkaline
phosphatase treated pBabePuro vector using T4 ligase. The eGFP expression allowed
selection for positive cells that were already puromycin resistant because they had been
transduced with an integrin pBabePuro vector.

Construction of MyrAktERpWZLneo and A2AktERpWZLneo
The 2 constructs were kind gifts from Julian Downward (Kohn et al., 1998b). The
conditionally active construct M'^AktiER* was made by joining a constitutively active
form of Akt (myrAkt del4-129) in which the c-Src myristylation sequence is fused to the
amino terminus of a variant of Akt that lacked its PH domain and carried a HA epitope
tag at its carboxyl terminus), to the hormone binding domain (HBD) of a mutant form of
murine oestrogen receptor that no longer binds to 17 /3-oestradiol but is still responsive
to the synthetic steroid 4-hydroxytamoxfen. A control construct A2M^Akt:ER was also
created that was not constitutively active became the myristylated glycine at the second
amino acid position was converted to alanine to eliminate the membrane targeting
function (A2MAkt del4-129). This control construct was also fused to the HBD of the
mutant form of murine oestrogen receptor (Kohn et al., 1996). The constructs were
cloned into retroviral vector pWZLneo by Julian Downward and were kind gifts. The
same Phoenix-AM12 packaging system was used as described and positive cells were
selected in neomycin [2mg/ml] (G418, Geneticin; Gibco).
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2.8.6 Construction of the chimaeric P6- pS integrin (X6C5).
The chimaera was made of amino acids 1-730 of P6 and 636-691 of p5.
Construction of the p6 extracellular domain fragment (X6)
A fragment consisting of the P6 extracellular domain and transmembrane domain was
made by PCR using a P6pBabePuro construct containing full length P6 (John Marshall,
CRUK) (Thomas et ah, 2001c). The primers used had the BamHl and EcoRl restriction
enzyme sites added.
The PCR mix contained the template DNA, lOx pfu buffer, 10 pM PCR master mix, 10
pM of both primers and luL of Pfu turbo polymerase.
Primer s used:
5 ' end:
name: ITGB6-FI
GGGATÇÇGCCACCATGGGGATTGAACTGCTTTGCCTGTTCTT
BamHl

Kozak

3 ' end:
name: ITGB6-3EcoRI
GGAATTCTTCCAGATGCACAGTAGGACAACCCCGATGA
EcoRI

PCR conditions.

1. 94°c 1 min
2. 94°c 30 sec
3. 55°c 30 sec
4. 72°c 5 mins
repeat 2-4 25 times
5. 72°c 5 mins
6. 4°c

The reaction was purified using the Qiagen PCR purification kit to remove any left over
vector. The construct was then cloned into pCR-4-TOPO vector using the TA cloning kit
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and one shot E. Coli transformed. Colonies were checked using colony PCR (PCR master
mix, FI and R4 primers as listed below).
The resulting ^6 cytoplasmic domain deleted product was sequenced within the pCR-4TOPO TA cloning vector using the following primers, to confirm the whole sequence
including the added restriction enzyme sites. Sequencing mixtures included the primer at
lOpM, BDT and the DNA.

Name: ITGB6-F1
Sequence: CCGCCAGACTGAGGACTACCC
Name: 1TGB6-F2
Sequence: TTGGCTGGCGGAATGACTC
Name: ITGB6-F3
Sequence: GAACTGCGGTCTGAGGTGGAACTG
Name: ITGB6-F4
Sequence: GCTGTGAGTGTGGCGAGGAC
Name: ITGB6-F5
Sequence: ACCAACCTGTGAACGATGTCCTACC
Name: ITGB6-R1
Sequence: GACAGGTGGCACTCAATGCAG
Name: ITGB6-R2
Sequence: CATAGGGAGACAAGTGGCAGATACA
Name: ITGB6-R3
Sequence: GTGTTGGAAGAGGGTACCGTTGTTA
Name: ITGB6-R4
Sequence: TGCCTGCTAGTTTGCTGTCCATTC
Name: ITGB6-R5
Sequence: GATCCGAAGCCCAGTCTAAAGTTG
Name: ITGB6-R6
Sequence: AAAGGTTTGCTGGGGTATCACAC
Name: 1TGB6 5BamHl
Sequence: GGGATCCGCCACCATGGGGATTGAACTGCTTTGCCTGTTCTT
Name: ITGB6-3EcoRI
Sequence: GGAATTCTTCCAGATGCACAGTAGGACAACCCCGATGA
The confirmed construct was cut with EcoRi and BamHl and gel extracted.

P6 extracellular and transmembrane domain
BamHl

EcoRI
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pBabePuro was digested overnight with BamHl and EcoRl and treated with Shrimp
Alkaline Phospatase (SAP) for 2 hours to stop self ligation of any partially digested
material. The SAP was then heat inactivated at 65° C. The DNA cleaned using the PCR
purification kit and extracted into elution buffer (EB).

The pBabePuro and p6 were ligated and used to transform E.coli. Colonies were
confirmed using colony PCR and mini-preps prepared. Check digests confirmed
pBabepuro-P6del.

Preparation of the pS cytoplasmic domain (C5)
The cytoplasmic domain of p5 was purchased from image clone and a construct made by
PCR that had the addition of an EcoRl site at the 5’ prime end and Sail at the 3’ end
Primers used:
Name: ITGB5-5EcoRI
Sequence: GGAATTCTGCTTGTCACCATCCACGACCGGAGGGAGTT
Name: ITGB5-3SalI
Sequence: GAGTCGACTCAGTCCACAGTGCCATTGTAGGATTTGTTG
The PCR reaction used Pfu turbo polymerase.
PCR conditions.
1. 94°C lm in
2. 94°C 30 sec
3. 55°C 30 sec
4. 72°C 90 secs
repeat 2-4 25 times
5. 72°C 2 mins
6. 4°C

The resulting construct was cloned into pCR-4-TOPO TA cloning vector (invitrogen) for
sequencing. The sequence was confirmed using the same primers. It was then cut using
EcoRl and Sail and gel extracted.
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Preparation of pBabepuro X6C5 chimaera

BamHl

|36

Sail

EcoRI

pBabePuro

The pBabePuro-P6del construct was digested with EcoRl and Sail and ligated to the
similarly cut p5 giving the chimaeric molecule but with an additional EcoRl site, as
shown above. This was removed using Mung Bean Nuclease, and then the molecule
religated, resulting in the chimaeric molecule coming correctly into frame. Colonies were
checked by colony PCR using the ITGB6-F5 and lTGB5-3SalI primers. The colony PCR
reactions were then cut with EcoRI and re-run to confirm the destruction of the EcoRl
site. (Figure).

p6

RroRT

---------

P5

W

. .ATC
. .TAG

TGG
ACC

AAGAATTCTG
TTCTTAACAC

CTT
GAA

GTC
CAG

A. .
T. .

. .ATC
. .TAG
lie

TGG
ACC
Trp

AAG
TTC
Lys

CTT
GAA
Leu

GTC
CAG
Val

A. .
T. .
etc

CTG
GAC
Leu

The final sequence was confirmed.
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2.9 List of Suppliers and Distributors
Aldrich Chemical Company Ltd. Dorset, UK.
Amresco, Solon, Ohio, USA.
Amersham International, Amersham, Buckinghamshire, UK.
BDH Laboratory Supplies Inc., Hemel Hempstead, Hertfordshire, UK.
Beckman Instruments, Palo Alto, California, USA.
Becton-Dickinson, Lincoln Park, New Jersey, USA.
Bio 101 Inc. La Jolla, California, USA.
Bio-Rad Laboratories Inc. Hemel Hempstead, Hertfordshire, UK.
Boehringer Mannheim UK Ltd. Lewes, East Sussex, UK.
Calbiochem -Novabiochem (UK) Ltd. Nottingham, UK.
Carl Zeiss Ltd. Welwyn Garden City, Hertfordshire, UK.
Chance Propper Ltd., Swethwick, Warley, UK.
Clontech, Palo Alto, UK.
Coulter Electronics Ltd. Harpenden, Herts, UK.
DAKO A/S, Denmark.
Developmental Studies Hybridoma Bank (DSHB), University of Iowa, Iowa, USA.
Difco Laboratories, Manston, Wisconsin, USA.
DYNEX Technologies Inc, Chantilly, VA, USA.
Eastman Kodak Co. is distributed by Sigma Chemical Co.
EOS Electronic, South Glamorgan, Wales, UK.
European Collection of Animal Cell Cultures (ECACC), Salisbury, UK.
Flow Laboratories Ltd., Aryshire, Scotland, UK.
Genetics Research Instrumentation Ltd. Dunmow, Essex, UK.
Gibco BRL/Life Technologies Ltd. Paisley, Renfrewshire, UK
Hoefer Scientific Instruments is distributed by Biotech Instruments Ltd., Beds, UK.
Hydro Medical Sciences Division, Brunswick, New Jersey, USA.
ICN Pharmaceuticals Ltd. Thame, Oxon, UK.
Imperial Laboratories (Europe) Ltd. Andover, Hampshire, UK.
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Integrated Separation Systems, Natick, Maryland, USA.
Jackson Immunoresearch Laboratories, Luton, Bedfordshire, UK
Jencons, Leighton Buzzard, Beds, UK.
Monsanto Chemicals. Springfield, Massachusetts, USA.
Millipore, Harrow, Middlesex, UK
Molecular Probes, Leiden, Netherlands.
New England Biolabs (NEB). New York, USA.
Nunc A/S, Roskilde, Denmark.
Perkin-Elmer Co. Foster City, Carlifomia, USA.
Pharmacia Biotech. Uppsala, Sweden.
Pharmingen, San Diego, California, USA.
Pierce, Rockford, Illinois, USA.
Premier Brands UK Ltd. Knighton, Stafford, UK.
Promega UK Ltd. Southampton, UK.
Qiagen Ltd. Crawley, UK.
RND Systems, Abingdon, Oxford, UK.
Santa Cruz Biotech. Inc. Santa Cruz, Carlifomia, USA.
Seikagaku Corp. Tokyo, Japan.
Serotec Ltd. Kidlington, Oxford, UK.
Scotlab Ltd. Coatbridge, Strathclyde, Scotland, UK.
Sigma Chemical Co. Poole, Dorset, UK.
Transduction Laboratories, Lexington, Kentucky, USA.
US Biochemical Corp. Cleveland, Ohio, USA.
Vector Laboratories, Burlingame, Carlifomia, USA.
Whatman Intemational Ltd. Maidstone, Kent, UK
Zeneca Pharmaceuticals, Macclesfield, UK

101

Chapter 3
av expression in H357 cells : effects on anchorage
independent growth and differentiation

3.1 Introduction
The avp6 integrin has been implicated in SSC growth and invasion. However the normal
av integrin partner in epithelial tissues is p5. It may thus be that SCCs selectively switch
from a v p s expression to avP6, enhancing invasion. Work in our laboratory has
suggested that avP5 may have its own role in promoting normal differentiation and
inhibiting growth in suspension of SCC cells. The H357 cell line is derived from the
tongue (Prime et al., 1990) and lacks the av integrin subunit (Sugiyama et al., 1993). It is
an ideal model for investigating the role of the a v integrin subunit in keratinocyte
behaviour. Replacement of avp5 expression on the cell surface of a SCC cell line that
completely lacks the a v integrin subunit (H357 cells) has previously been shown to
increase terminal differentiation as measured by the differentiation marker involucrin
(Jones et al., 1996b). This renewed expression also decreased anchorage independent
growth. However the small increase in differentiation marker expression (compared to
the large amount expressed by normal keratinocyte controls) seems disproportionate to
the large decrease in anchorage dependent growth induced by avp5 expression. 1 thus
wanted to investigate the mechanism of any induction of differentiation by the avps
integrin whilst looking for any other mechanisms implicated in the loss of anchorage
independent growth.
In the experiments performed by Jones et al. (1996), suggesting that avP5 may have a
role in promoting the normal differentiation and inhibiting growth in suspension, the SCC
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cells underwent 4 rounds of FACS and drug (G418) selection, to achieve stable
expression of av in H357 cells. More recently the use of retroviral infection techniques
(Levy et al., 1998) have enabled transduction of an entire population of cells with high
level expression of integrin subunits, thus avoiding the selective pressures of repeated
FACS and drug selection. In the first series of experiments I investigated whether av is
sufficient for induction of terminal differentiation and the inhibition of anchorage
independent growth seen previously. If I did not see the same promotion of
differentiation this would then suggest other factors were involved, such as the level of
av expression or cell morphology, that had been induced by the selective pressure of
multiple FACsorts. It would also suggest another mechanism for the inhibition of
anchorage independent growth.
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3.2 Results
3.2.1 av was subcloned into the retroviral vector pBabePuro and H357 cells infected

Subcloning

A full length human av cDNA, kindly provided by J Loftus, Scripps Research Institute,
was previously subcloned into H3700Inv-pL2 by Rosario Romero (ICRF). av was cut
out of this vector using N otl. pBabePuro was cut with Snabl and then ligated with av
(Figure 3.1).

Transfection of the av integrin subunit into packaging cells

The a v retrovirus was transfected into Phoenix packaging cells and the supernatant then
used to make an AM 12 packaging cell line. A high expressing polyclonal population, as
detected by FACs using 13C2 antibody (gift from M Horton, (Davies et al., 1989)), was
acquired after puromycin selection and no cell sorting was required (Figure 3.2).

3.2.2 Retroviral infection of H357 cells with alpha and beta integrin subunits
H357 kératinocytes were induced to express the av integrin subunit, an a 4 integrin
subunit or an empty pBabePuro retrovirus by co-culturing with AM 12 retroviral producer
cells for 48 hours followed by puromycin selection for 1 week. H357 cells containing an
empty vector and H357 cells expressing an a 4 integrin subunit were made as controls.
To try and increase the expression of a 4 on the cell surface, cells were double infected
using the chick (31 subunit. This increase was marginal and controls with or without the
chick p i subunit were used throughout the experiments and denoted H357 a4 and H357
a 4 p i respectively. The a 4 and chick p i subunits were chosen because they were
available within the laboratory and infection and expression was detectable by flow
cytometry. a4 is not normally expressed on epithelial cells and the chick p i subunit can
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be detected by a species specific antibody. The expression levels of the subunits in the
H357 cells were then checked by flow cytometry and the highest expressing 30-40% of
cells selected by FACS if necessary, av expression levels were compared between av
infected H357 cells, parent cells and cells of clone V5, and are shown in Figure 3.3. V5
is an a v expressing clone prepared by calcium phosphate transfection of an a v
expression vector and then selected by 4 rounds of FACS for the highest expressing cells.
This clone had previously been shown to increase differentiation and reduce anchorage
independent growth (Jones et al., 1996b). Expression levels of a4 and chick p i are
shown in Figure 3.4.

3.2.3 Introduction of av has no effect on surface levels of other integrins
The effect of high expression of the a v integrin subunit on expression levels of the
endogenous integrin subunits was checked by flow cytometry with antibodies to a2, a3,
a5, a6 and pi integrin subunits. Figure 3.5 shows flow cytometry profiles from a single
experiment comparing av infected cells to parental cells. The mean fluorescence
recorded by the FACS tar machine of each integrin specific antibody was noted from 3
experiments, the mean calculated, and plotted as a histogram Figure 3.6. Although there
were some changes in each experiment these were not consistent. Introduction of av thus
did not effect the overall expression of other integrin subunits.

3.2.4 The P partner associated with the transfected av subunit is pS
The av integrin must form a heterodimer with a p subunit to be expressed on the cell
surface. The av integrin can form a heterodimer with a number of P subunits including
p l, p3, p5, P6 and p8 (Gladson and Cheresh, 1994). It is normal for the av integrin to
partner p5 on kératinocytes (Jones et al., 1993) and this was checked with flow cytometry
using heterodimer specific antibodies. H357av infected cells were compared to parental
cells and the results are shown in Figure 3.7. It can be seen that the a v subunit does
indeed form a heterodimer with p5 since there is no surface expression of avp3 or avP6.
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The fact that the av staining with a pan av antibody is more intense than that with the
av(35 specific antibody probably reflects differences in antibody affinity.

3.2.5 The newly expressed avPS heterodimer is functional
To demonstrate that the avp5 heterodimer now expressed on the surface of H357 cells is
functional adhesion assays were performed on vitronectin, the a v p 5 ligand in
kératinocytes (Adams and Watt, 1991).

Preparation of vitronectin

Parental H357 cells were previously shown to adhere to a commercial vitronectin
preparation probably because of the presence of contaminating fibronectin (Sugiyama et
al., 1993). A purer solution of vitronectin was therefore prepared.

Vitronectin was purified from human plasma by the method of Cheresh et al (Cheresh
and Spiro, 1987). The final step involves elution of vitronectin from a heparin-Sepharose
column with a high salt concentration buffer. 100 aliquots were taken and samples 1-28
were run on a 10% SDS-PAGE gel to check for purity as shown in Figure 3.8A. Pure
fractions from aliquot 10 onwards were pooled in groups of 10 and their protein
concentrations measured by determining their absorbance at A280. The elution curve is
shown in Figure 3.8B. Over 10 mg of vitronectin was isolated from 100ml plasma.

Adhesion Assay

96 well plates were coated with vitronectin. Cells were labelled with CellTraker dye
(Molecular Probes) to allow quantitation of cell number then added to each well. After
incubation at 37°C for 30 minutes the number of cells per well was determined. More
than 90% of the avp5 expressing cells adhered to vitronectin compared to less than 5%
of control cells as shown in Figure 3.9.
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3.2.6 av^S localises to focal adhesions
The intracellular distribution of the avP5 integrin in H357 cells was examined. Cells
were plated on 20 pg/ml vitronectin and allowed to spread for 30 minutes. Cells where
then simultaneously fixed and permeabilised, then stained for human avPS integrin and
with phalloidin to mark the actin cytoskeleton. The H357 cells spread and formed large
focal adhesions in a similar manner to normal kératinocytes (Figure 3.10).

3.2.7 avPS expression inhibits anchorage independent growth
Anchorage independent growth is a hallmark of transformed cells in vitro. Previously the
V1-V7 av expressing clones of H357 cells were shown to be unable to form colonies in
soft agar. I repeated these experiments, comparing colony formation between parental
H357 cells, H357av and H357pBp cells. 5000 cells were seeded in 0.3% soft agar for 3
weeks after which the colonies larger than 140pm were counted. Similar to the results of
the V1-V7 av expressing clones (Jones et al., 1996b), the H357av cells did not grow in
suspension. Figure 3.11 shows photographs of representative plates from 3 experiments
and Table 3.1 shows combined data of the 3 experiments showing the marked reduction
in colony forming efficiency of H357 av cells compared to controls.

3.2.8 avPS integrin expression is not sufficient to induce H357 cells to differentiate
Integrins are known to effect commitment to differentiate in kératinocytes. Ligand
binding of p l integrins suppresses differentiation and the absence of ligand is a
stimulation to differentiate (Adams and Watt, 1989). H357 cells are known to have a low
expression of the terminal differentiation marker, involucrin (Sugiyama et al., 1993).
Previously in our laboratory a v positive clones V1-V7 of H357 cells showed increased
differentiation as measured by involucrin expression on Western blotting (Jones et al.,
1996b). Differentiation of retrovirally transduced H357 cells was determined by Western
blotting, immunofluorescence microscopy and flow cytometry.
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Western blotting

Immunoblotting for involucrin was carried out on parental H357 cells, the V5 clone
(Jones et al., 1996b) and H357av, H 357a4pl and H357pBp (empty vector control) cells.
The cells were harvested when just sub-confluent. Equal amounts of protein were loaded
and checked with Indian ink staining of the membranes. Although the V5 clone had
increased involucrin expression the H357av cells did not, and demonstrated the same
level as the parental cells, the H 357a4pi and H357pBp cells (Figure 3.12A).

Western blots were also prepared from post confluent cells. Again differentiation was
measured by Western blotting for involucrin; in addition other differentiation markers
conifin (shown), transglutaminase and periplakin were examined (not shown). No
differences were seen (Figure 3.12B and C). Suspension of cells in methylcellulose
(known to induce differentiation in normal kératinocytes) was also tried without effect.

Immunofluorescence microscopy

Immunofluorescent microscopy was also used for the detection of involucrin. Harvested
cells were fixed in formaldehyde, permeabilised with ice cold methanol and then stained
for involucrin. An appropriate fluorescent secondary antibody was used and the cells
plated on 8 well slides so that individual cells could be scored. No differences in the
number of involucrin positive cells were seen when comparing parental cells, H357av,
H 357a4pi and H357pBp cells (Table 3.2).

Flow cytometry

Flow cytometry was used to measure the differentiation markers involucrin and
transglutaminase. Cells were harvested when just pre-confluent and permeabilised with
saponin. After staining with an antibody to the differentiation marker and an appropriate
secondary antibody was used. Flow cytometry was carried out. Again no differences were
seen between parental cells, H357av, H 357a4pi and H357pBp cells (Figure 3.13 and
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3.14). Normal kératinocytes were used as a control. When post-confluent cells were
compared there were again no differences in differentiation (Figure 3.15).

3.2.9 av surface expression does not effect cells size as determined by flow cytometry
I was thus unable to confirm that the high expression of a v in H357 cells led to an
increase in differentiation. The V1-V7 clones expressed lower levels of av than the
polyclonal populations transduced with av. It is possible that the repeated harsh cell
sorting (taking only the top 5% expressing cells) required to make the VI-V7 clones was
in fact selecting cells for other features such as cell size. This in turn may have been a
selection marker for differentiation potential. Flow cytometry however, did not identify
any discernable difference between the cell populations in cell size (Figure 3.16).
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3.3 Discussion
I have successfully introduced the av, a4 and p i integrin subunits into H357 cells via
retroviral vectors. The av integrin subunit forms a functional heterodimer on the cell
surface with the P5 subunit. The expression of this heterodimer inhibits anchorage
independent growth. The mechanism for this however is not clear. Previous experiments
by Judith Jones showed that differentiation was induced by av surface expression (Jones
et al., 1996b), however when av was expressed through retroviral transduction the cells
do not show increased involucrin expression.

The V1-V7 clones underwent severe selection pressures. The most likely cause of
increased involucrin expression was that the FACsorting had selected the larger
differentiated cells however the different cell populations used in this chapter do not
differ in size according to their forward and side scatter flow cytometry profiles.
Alternatively during the FACsorting of the clones for av expression those cells with
slight expression of comified envelope proteins could have a higher background
autofluorescence and hence could have been selected during the FACsorts.
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Figure 3.2 AM12 infection with the a v integrin subunit.
A - secondary antibody control, Alexa 488 conjugated to anti-mouse IgG
B - 13C2 anti-aV antibody and Alexa 488 conjugated second antibody
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Figure 3.3 av expression of infected cells compared to parental cells and the
V5 clone. Shown are FACS profiles of primary control and av staining of
parental H357 cells, H357 av and V5 cells. The av surface levels of the
retrovirally infected cells is far higher than the V5 clone.
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Figure 3.4 Infection of H357 cells with a4 and chick p l integrin subunits. Of
note the expression of chick pi integrin reduced expression of the endogenous
pl subunit.
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Figure 3.6 Integrin expression on H357 cells before and after exogenous integrin
expression. The 3 cell types were harvested from pre-confluent dishes and stained
with appropriate antibodies for the detection of integrins pl (P5D2), a2 (H as4),
o3( VM-2), a 4 (7.2R), a 5 (P1D6), a6 (MPF410) and av (13C2). Alexa 488
secondary was used and the integrins relative expression quantified by flow
cytometry.
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Figure 3.7 av forms a heterodimer with the pS integrin subunit. Parental and H357
av cells were labelled with the heterodimer specific or pan av antibodies shown.
H357 av cells only express the avp5 heterodimer.
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Figure 3.9 Adhesion of H357 cells to vitronectin. 96 well plates were coated
overnight at 4°C with vitronectin in PBS at appropriate concentrations. Pre-confluent
flasks of cells were treated with 5 pM of CellTraker dye (Molecular Probes) in serum
free medium for 20 minutes at 37°C. The cells were harvested and 40000 cells were
added to each well in ImM Mn^^. The fluorescence from each well was measured on a
fluorescent plate reader and then quantified by comparison with a standard curve
prepared from the same cell suspension.
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Figure 3.10 avp5 forms focal adhesions on vitronectin. The H357 av cells were
plated on 20pg/ml vitronectin coated glass coverslips and fixed after adherence
(30minutes). Parental H357 cells did not adhere. avp5 antibody (P1F6) - green,
phalloidin (actin cytoskeleton) - red. C and F are merged images of A, B and C,D
respectively. Pictures were taken by a confocal microscope Zeiss LSM 510
confocal laser scanning microscope (Carl Zeiss). Scale bar is 2pm.
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Figure 3.11 Soft agar colony forming assays in 35mm plates comparing H357
parental to H357 pBp empty vector and H357 av cells. Photographs of dishes stained
with nitroblue tétrazolium after 3 weeks. Shown are representative plates of triplicates
from 3 experiments.
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Figure 3.12 A and B, Western blots detecting involucrin (SY5 1 ;1000);
A shows lysates from pre-confluent cells and B from post-confluent. Two
independently prepared H357 av populations are shown - av 1 and av 2.
Likewise with a4p1. V5 is one of the clonal av expressing cell lines made
previously in the laboratory (Jones et al., 1996). 1/10 protein was loaded
into the normal keratinocyte control lane. 0 is a Western blot for cornifin
(Sq37c 1:5000). Protein loading was checked with Indian ink staining of
the membranes.

Figure 3.13 FACS analysis of transglutaminase and involucrin expression in
parent H357 cells, H357 a 4 p i cells and and normal primary kératinocytes. Preconfluent cells were permeabilised, and stained for the differentiation markers
(SY5 - anti-involucrin, BCl - anti-transglutaminase). Flow cytometry profiles
show no difference in the expression of these differentiation markers
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Figure 3.14 FACS analysis of transglutaminase and involucrin expression in
parent, V5 and H357 av cells (SY5 - anti-involucrin, BCl - anti
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differentiation markers. Flow cytometry profiles show no difference in the
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Figure 3.16 Forward and Side scatter profiles of H357 cells. No marked
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as indicated by the % cells in R1 and their mean forward scatter.

H357
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H357
pBp

H357av

Colony
Forming
Efficiency %

25.4

20.3

0.2

SD

3.0

2.2

0.1

H357
Parental

H357
pBp

H357av

Colony
Forming
Efficiency %

18.7

16.2

0.1

SD

1.2

1.4

0.1

H357
Parental

H357
pBp

H357av

Colony
Forming
Efficiency %

25.2

24.6

0.1

SD

2.8

1.6

0.1

Experiment
1

Experiment
2

Experiment
3

Table 3.1 Combined data of 3 colony forming experiments showing the marked
reduction in % colony forming efficiency of H357 av cells compared to controls.
Each experiment had triplicate dishes. Standard deviations are shown.

% Involucrin
positive

±SD

H357 parental

0.8%

0.1

H357
pBabePuro

0.6%

0.1

H357 a4pl

0.9%

0.2

H357 av

0.7%

0.1

Normal
kératinocytes

18%

0.1

Table 3.2 % involucrin positive cells. H357 cells have a low basal level
of differentiation which is not increased with exogenous integrin
expression. Shown are means and standard deviations from 3
experiments counting 300 cells of each population in each experiment.

Chapter 4

The role of avPS in anoikis of cells derived from
squamous cell carcinomas

4.1 Introduction
In my previous experiments (Chapter 3) I showed that av transduction of H357 cells
inhibited anchorage independent growth but did not stimulate differentiation. When
simple epithelial cells are put into suspension they undergo anoikis, or suspension
induced apoptosis (Frisch and Francis, 1994). I therefore hypothesised that introduction
of av was inducing the H357 cells to undergo anoikis and this was why they failed to
form colonies in soft agar. In the present Chapter, I describe experiments to address this.
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4.2 Results
4.2.1 H357av cells undergo increased anoikis compared to parental cells.

Sub-Gl DNA content

To assess for suspension induced apoptosis I used flow cytometry of propidium iodide
labelled cells to measure DNA content. Apoptotic cells have a sub-Gl DNA content
(Frisch, 1999b). In each experiment I compared H357av cells, parentals and a4 infected
cells. Time points zero (cells harvested straight from a culture dish), 24hrs, 48hrs and
72hrs were studied. Typical flow cytometry profiles are illustrated in Figure 4.1 showing
avP5 expression on H357 cells leads to an increase in suspension induced apoptosis.

TUNEL (terminal deoxynucleotidyl transferase-mediated dUPT nick end-labeling)

I also used a flow cytometry TUNEL staining method to determine the proportion of
apoptotic cells. The protocol of the Promega Apoptosis Detection System was followed.
The cells were analysed by flow cytometry measuring the green fluorescence of
fluorscein-12-dUTP at 520 nm and the red fluorescence of propidium iodide at 620 nm.
The results, shown in Figure 4.2, again show an increase in anoikis of H357 av cells.

Microscopy

Cells were taken from suspension, fixed on glass coverslips and stained with 2.5pM of
Hoechst 33258. Nuclear morphology was then determined using a fluorescence
microscope with appropriate filters. Images of representative fields were taken with a
digital camera and are shown in Figure 4.3. The percentage of apoptotic cells is shown in
Figure 4.4.
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Pooling the data from 6 experiments, H357av cells consistently showed significantly
increased anoikis (sub-Gl fraction) compared to the controls after 72 hours in suspension
(p= 0.008; using the student’s paired T Test) (Figure 4.5).

It thus appears that avp5 expression induces anoikis in the H357 cells. This explains why
anchorage independent growth is inhibited.

4.2.2 Infection of SCC4 cells with av and o4

To investigate whether avp5 induced anoikis was a general phenomenon or specific to
H357 cells I introduced a v into an SCC cell line, SCC4, that had endogenous a v
expression. The SCC4 cell line was transduced with the av retrovirus (Figure 4.6) or as
controls, with pBabePuro or a4 (Figure 4.7).

4.2.3 SCC4 cells over expressing av undergo increased anoikis

Three suspension induced apoptosis experiments were performed. These confirmed that
increased expression of the av construct induced anoikis in SCC4 cells. Figure 4.8
shows data from a representative experiment showing baseline levels and apoptosis at 48
hours. Figure 4.9 shows pooled data from 3 experiments. The stimulation of apoptosis
was again statistically significant as measured by the students paired T Test (p < 0.05).
Thus elevated expression of av stimulates anoikis independent of whether or not the
parental cells express av.

4.2.4 Normal primary kératinocytes do not undergo anoikis in response to increased
av expression

I then tested normal primary human epidermal kératinocytes to see if high expression of
av would induce apoptosis in suspension. The cells were infected using the same
techniques as described for H357 cells. The expression levels of the av and a 4 integrin
subunits are shown in Figure 4.10. Parental kératinocytes express no a4, while
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transduction with the a v retrovirus increased the surface expression. Normal
kératinocytes usually undergo terminal differentiation rather than apoptosis in
suspension, with less than 10% undergoing apoptosis and 60-80% undergoing terminal
differentiation within 24 hours (Gandarillas et al., 1999). I confirmed these findings and
showed that av and a 4 infection of normal kératinocytes produced no change in the
amount of anoikis in both normal and serum starved conditions (Figure 4.11).

I next wanted to investigate whether av induced anoikis was inhibited by ligand binding.

4.2.5 The anoikis produced by av is ligand dependent.
Parental H357 cells, a 4 infected cells and a v infected cells were plated in suspension
with medium only, with DMSO (a control for the caspase inhibitor solvent), a pan
caspase inhibitor (z-VAD-fmk lOOpM) as a control for apoptosis inhibition, with
vitronectin (100 pg/ml) (the av ligand), or 13C2 (0.1 mg/ml) (an a v binding antibody).
The caspase inhibitor almost entirely inhibited anoikis; the vitronectin also greatly
reduced it andl3C2 had a small inhibitory effect (Figure 4.12). No effects of the ligands
were seen on H357 a4 control cells (Figure 4.13). Thus the ability of the av|35 integrin
heterodimer to stimulate the H357 cells to undergo apoptosis in suspension is dependent
on the integrin being unligated.

4.2.6 The addition of PI3K, M EK l, or P38MAPK inhibitors to H357av cells does
not inhibit anoikis.

As a first step in determining the mechanism by which av induces anoikis I added
inhibitors of molecules involved in the 3 major signalling pathways previously implicated
in anoikis. Anoikis signalling pathways known to promote cell survival include the FAK
(ERK - MAPK) (Frisch et al., 1996a) and PI3K - PKB/Akt (Khwaja et al., 1997)
pathways while the c-Jun kinase (JNK) pathway is thought to be pro-apoptotic (Frisch et
al., 1996a) although there is contrary evidence (Khwaja and Downward, 1997). I
performed suspension assays, adding a PI3-kinase inhibitor (LY294002), a M EKl/2
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inhibitor (U0126) and a p38MAPK inhibitor (SB) and found no effect on apoptosis of
H357 av cells (Figure 4.14).

4.2.7 A PI 3 kinase inhibitor mimics the effect of avPS in parent and control cells
The same suspension experiments using small molecule inhibitors were carried out on
parental and control H357 cells. Interestingly the PI3K inhibitor mimicked the proapoptotic effects of av expression. Figure 4.15 shows the % anoikis induced in H357 a4
cells compared to H357 a v cells in the presence of the small molecule inhibitors. This
suggests that the parental cells have active PKB/Akt signalling in suspension that
stimulates cell survival and that introduction of the av subunit may overcome this signal.

4.2.8 Akt activation is inhibited by a v fS expression on H357 cells
To investigate activation of Akt/PKB in H357 cells Western blots were performed
looking specifically for the phosphorylated (and hence activated) form of Akt. Lysates
were made in RIPA buffer of cells that had been in suspension for 0, 24, 48 and 72 hours.
Equal amounts of protein were loaded in each lane. Shown in Figure 4.16A are lysates
from H357 a4 and H357 a v cells. In Figure 4.16B H357 pBp empty vector cells are
compared with H357 av cells. Control cells are able to activate Akt in suspension;
however avP5 expressing cells are not. This activation occurs within 24 hours (as seen in
Figure 4.16A) but is maximal at 72 hours.

4.2.9 The apoptotic effect of avPS is heterodimer specific.
Expression of the normal epithelial heterodimer avpS induced anoikis. I now wanted to
distinguish whether this was an effect of the a v subunit alone or whether the effect was
heterodimer specific. To determine this I forced the expression of avp6 in H357 cells
rather than avP5.
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Double infection of H357 cells with av and P6

The construct pBabePuro-p6 containing the P6 integrin subunit was a kind gift from J.
Marshall (CR UK Guys Hospital, London) This was packaged in AM12 cells as
described in Chapter 2 and then introduced into H357 av cells. The double infected cells
were FAC sorted to give high expression of p6 (necessary because the cells were
previously puromycin resistant).

Double infection leads to avP6 heterodimer formation

The a v heterodimers on the surface of doubly infected cells were examined by flow
cytometry, shown in Figure 4.17. All surface a v now formed a heterodimer with P6
rather than p5.

avp6 expression does not induce anoikis

Suspension experiments were carried out to see if the same levels of anoikis were
induced by avp6 compared to avp5 expression. A representative experiment is shown in
Figure 4.18. In 3 experiments there was no apoptotic effect of the avP6 heterodimer
(Figure 4.19).

avP6 expression does not suppress the activation of Akt

Cell lysates were made from the suspension experiments and Western blots run to
examine activation of Akt. The avpb heterodimer was unable to suppress Akt activation
(Figure 4.20). It thus appears that the apoptotic effect and the inhibition of Akt are avP5
heterodimer specific.
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4.2.10 The apoptotic effect of a v fS is dependent on the cytoplasmic domain of pS
The cytoplasmic domains of integrin subunits are crucial for intracellular signalling I thus
thought it possible that a chimaeric integrin subunit consisting of the p6 extracellular and
transmembrane domains linked to the cytoplasmic domain of the pS subunit might be
able to stimulate the apoptotic signal. This chimaeric integrin is denoted PX6C5

Construction of a PX6C5 chimaeric integrin

Using the pbpBabePuro construct and a p5 cytoplasmic tail cDNA (Geneclone) I made a
chimaeric molecule by PGR and cloned this into pBabePuro (see Materials and Methods
for details of construction).

Double infection of av and PX6C5 chimaeric integrin subunits leads to avPX6C5
expression

H357 cells were doubly infected with a v and PX6C5 retroviral vectors and sorted as
described previously. Cells expressing high levels of the integrin were selected using the
avp6 specific antibody (Figure 4.21). When the chimaeric protein was introduced into
H357 parental cells on its own it was not expressed at the cell surface because there was
no available partners (data not shown).

avPX6C5 leads to anoikis in H357 cells

Suspension experiments were repeated comparing apoptosis induced in parental cells,
H357 av p s, H357 avp6 and H357 avpX6C5 expressing cells. An example is shown in
Figure 4.22 It can be seen from the summary of 3 experiments in Figure 4.23A that
H357 avPX6C5 expressing cells were induced to undergo anoikis. This therefore
strongly suggests that the cytoplasmic domain of p5 mediates the apoptotic effect.

135

Chapter 4

The role of avPS in anoikis

avPX6C5 inhibits activation of Akt

Cell lysates from the above experiments were run on polyacrylamide gels and active Akt
was detected by Western blotting. In Figure 4.23B it can be seen that the activation of
Akt is inhibited in cells expressing avpX6C5.

4.2.11 Expression of an active Akt construct can overcome the avPS apoptotic effect
If the p5 integrin tail is affecting intracellular signalling in such a way that Akt activation
in suspension is suppressed, leading to anoikis, then a constitutively active Akt construct
would be expected to override this and lead to cell survival. Two constructs were
obtained (kind gifts from Roth (Kohn et al., 1998a)). The first construct (M^Akt:ER*) has
a c-Src myristoylation targeting sequence fused to a constitutively active form of Akt
lacking the PH domain. Conditionality has been conferred by fusing M'^Akt to a modified
form of the hormone binding domain of the mouse ER (ER*) that binds 4hydroxytamoxfen (4-HT) but is refractory to oestrogen. This construct is rapidly
activated in response to 4-HT and elicits effects that have been attributed to endogenous
cellular Akt leading to its recruitment to the cell membrane where it is activated by local
PI3-kinases. The second construct acts as a control because the myristoylation sequence
is mutated A2M'^Akt:ER*. This control construct does not act as a dominant negative
(Kohn et al., 1998a) (figure 4.24A).

Infection of H357 parent and H357 av cells with active and inactive Akt constructs

Packaging cell lines of the two constructs were made using the Phoenix / AM 12 system
described above. The two Akt constructs carried the neomycin resistance gene enabling
selection of transduced H357 cells with neomycin.
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Confirmation of M Akt:ER* construct expression and activity

Adherent cells growing in culture were treated with 4-HT for 1 hour and then harvested.
Lysates were made in RIPA buffer and Western blots performed for the detection of a
band of active Akt running at the fusion proteins molecular weight (figure 4.24B). The
same blots were probed with an antibody to ER to confirm infection with the
A2M‘^Akt:ER* constructs. The activation of the protein by 4-HT was confirmed with a
clear band at 97 signifying activation of the fusion protein.

Secondly adherent cells on glass cover-slips were fixed and stained for the ER protein
with and without 4-HT treatment (figure 4.25). The construct is seen localising to the
membrane after activation with 4-HT.
Sub-Gl experiments

Cell suspension experiments were performed comparing H357 parental and H357 a v
cells transduced with the active or inactive Akt constructs. 4-HT was added to all cells 1
hour before harvesting and to the suspension culture. A representative experiment
showing the proportion of cells with sub-Gl DNA content is shown in Figure 4.26. The
results of 3 experiments are shown in Figure 4.27, confirming that the active Akt
construct protected the H357 a v cells from anoikis while the inactive Akt construct had
no effect.

The conclusions from the flow cytometry experiments were confirmed by flourescence
microscopy. Cells were taken from suspension, fixed on glass coverslips and stained with
2.5pM Hoechst 33258 and in order to determine nuclear morphology. Images of
representative fields were taken with a digital camera. Representative images of cells are
shown in Figure 4.28.
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The activation of the myristoylated construct in the cells by 4-HT was confirmed by
Western blotting. Interestingly the H357 av cells expressing the active Akt construct
were now also able to activate endogenous Akt (Figure 4.29).

4.2.12 Specific caspase 8 and 9 inhibitors inhibit anoikis of H357 a v cells in
suspension

There is now much evidence from experiments using MDCK cells that anoikis is induced
by death receptors and their associated adaptor molecules (Frisch, 1999a; Rytomaa et al.,
1999). This can be blocked by mutated adaptor molecules such as a dominant negative
F ADD (FAS associated death domain protein) (dNFADD) and SODD (silencer of death
domains). dNFADD contains a death domain but not a death-effector domain and is
hence able to interact with other death domain containing proteins but not activate
caspase 8 (the caspase activated by death receptor activation). SODD lacks death
domains but can bind and inhibit death domains of tumour necrosis factor receptor type 1
(TNFRl) and death receptor 3 (DR3) but not those of FAS or F ADD (Frisch, 1999a).
Although the death receptor pathway is thought to be the main effector pathway
responsible for anoikis there is also evidence that caspase 8 may be stimulated by a
feedback mechanism from mitochondrially driven events involving caspase 9 (Rytomaa
et al., 1999). This suggests that the intrinsic pathway is also required for anoikis.

To try and map out the pathway of caspase activation and apoptosis in H357 cells 1 first
tested inhibitors specific for caspase 8 and 9 (the initiating caspases of the extrinsic and
intrinsic pathways respectively).

Suspension experiments

Suspension experiments were carried out in the presence of the general caspase inhibitor
z-VAD-fmk used previously (see Figure 4.14), the caspase 8 specific inhibitor z-lETDfmk and the caspase 9 inhibitor z-LEHD-fmk (Figure 4.30). The capase 8 inhibitor
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inhibited the anoikis to a similar degree to z-VAD-fmk, but the caspase 9 inhibitor also
had a large effect in reducing anoikis. This may suggest that the mitochondrial pathway
does indeed have a major positive feedback effect on the caspase 8 driven apoptotic
pathway. Alternatively it may suggest that the death receptor stimulated caspase 8
apoptotic effect is carried out through the mitochondrial pathway, requiring caspase 9.

4.2.13 dNFADD construct does not inhibit anoikis in H357 av cells

To determine whether the anoikis I see in H357 av cells was death receptor dependent I
used a dNFADD construct (kind gift from Julian Downward). To stably infect H357 cells
I subcloned cGFP-dNFADD-AUl from the pcDNA3-AUl-NF4D construct (kind gift
from Julian Downward) into pBabePuro. I then made AM12 packaging lines as described
previously and used these to infect H357 cells. The construct included cGFP and its
expression within the cells was confirmed by flow cytometry (Figure 4.31A). Suspension
experiments were performed comparing parental H357 cells, H357 av cells and the H357
av cells expressing the dNFADD construct. The dNFADD construct did not inhibit the
anoikis induced by expression of a v p 5 (Figure 4.31B) This suggests that death
receptors may not be required and that caspases are stimulated by a different mechanism.
To confirm the activity of the dNFADD construct it was transduced into MDCK cells.
Expression was confirmed by flow cytometry for GFP (Figure 4.32A) and suspension
cultures made. After 6 hours apoptosis was measured by flow cytometry for Annexin-V
and analysis of DNA content. Expression of dNFADD reduced apoptosis more than a
caspase inhibitor (Figure 4.32 B-E).

139

Chapter 4

The role of avPS in anoikis

4.3 Discussion

The results from Chapter 3 confirmed previous findings that expressing exogenous av in
H357 cells inhibits anchorage independent growth. The results from this Chapter show
this effect is due to increased levels of suspension induced apoptosis. I have shown this
using several established methods of apoptosis detection (Frisch et al., 1999). av(35 also
induces anoikis in a squamous carcinoma cell line (SCC4) that does have endogenous
surface expression av. The effect is not however seen in normal primary kératinocytes.
The anoikis is ligand dependent, in that ligand binding of avPS inhibits the apoptotic
effect. I was able to inhibit the apoptosis in H357 av cells with caspase inhibitors, and it
appeared that the PI3-kinase / Akt pathway was important in that the PI3-kinase inhibitor,
LY294002, produced the same level of anoikis in parental H357 cells as that induced by
unligand bound H357 av cells. Parent H357 cells hence seem to have an abnormal
survival signal resulting in the phosphorylation of Akt, which is known to inhibit
downstream effectors of apoptosis. The importance of this signalling pathway is
confirmed by the expression of the constitutively active Akt in H357 av cells overriding
the apoptotic effect and inducing cell survival. The inactivation of Akt is a heterodimer
specific effect and not produced by avp6 surface expression. I then showed that it was
the p5 cytoplasmic domain that was necessary for the inhibition of activation of Akt and
anoikis.

Previous work on anoikis has indicated the involvement of death receptor signalling and
the subsequent activation of the extrinsic death pathway via caspase 8 activation (Frisch,
1999a; Rytomaa et al., 2000). The precise mechanism of anoikis in H357 av cells is as
yet undetermined. The apoptotic signal leading to the suppression of Akt activation does
not appear however to be driven by death receptors, because co-expression of a dominant
negative F ADD construct did not inhibit the apoptosis, as would be expected from the
studies on MDCK cells.
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Re-introduction of the missing integrin subunit av, into H357 cells resulted in the more
normal phenotype of cells undergoing anoikis. This could have important implications in
both understanding the early pathogenesis of cancer spread and in treatment strategies
encouraging apoptosis of cancer cells when they leave the primary tumour. Most
epithelial cells undergo anoikis in suspension while kératinocytes undergo differentiation,
av is thus inducing a normal epithelial phenotype in the cells, which in vivo is believed to
be a mechanism which prevents epithelial cells from surviving detachment from their
surrounding cells and matrix. This would prevent ectopic growth of epithelial cells and is
a phenotype that cancer cells need to overcome to metastasise.

Dominant interfering forms of Death Domains (DD) or Death Effector Domain (DED)
adaptors, such as the dNFADD used in my experiments, catalytically inactivate caspase 8
and inhibit activation of the extrinsic death pathway stimulated by death receptor
activation on cell detachment. Dominant negative adaptor molecules do not however
block integrin mediated cell death (IMD). This form of cell death, still caspase 8
dependent, is produced by non-ligation or antagonism of integrins in cells that are still
attached both in vivo (Brooks et al., 1994; Storgard et al., 1999) and vitro (Bonfoco et ah,
2000; Brassard et al., 1999; Kozlova et al., 2001; Kuzuya et al., 1999; Stupack et al.,
2001) (discussed in Chapter 1, section 1.6.4). It appears in IMD that clustering of
integrins themselves rather than Death Receptors (DRs) stimulates a caspase 8 driven
pathway leading to apoptosis. Actin, integrins and caspase 8 have been seen to colocalise in complexes on these dying cells but DRs and the adaptor molecule F ADD are
not seen (Stupack et al., 2001). Further, in common with DRs, integrins can cluster in a
cytoskeleton regulated manner without ligation or focal adhesion formation. Indeed it
seems likely there is integrin and DR crosstalk centered around the actin cytoskeleton.
Most DED containing proteins such as procaspase 8 and 10, c-FLIP (a competitor of
procaspase 8), and F ADD are distributed in the cytosol. However, a significant fraction
of these molecules is also associated with the cytoskeleton (Shain et al., 2002; Stupack et
al., 2001) and local accumulation of caspase 8 is sufficient to trigger apoptosis. The
mechanism of the association with the cytoskeleton is not known, however new proteins.
Hip and Hippi, homologous to cytoskeleton linker proteins talin and myosin have been
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found that include ‘pseudo-DEDs’ (Gervais et al., 2002). It is thus possible that integrins
can mimic DR effects and in the H357 a v cells the unbound |35 cytoplasmic tail is
inducing anoikis by activating caspase 8 directly or via effects on the cytoskeleton.
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Figure 4.1 Flow cytometry profiles of H357 cells labelled with propidium iodide
(50 pg/ml) in the presence of Rnase A (50 pig/ml) for 30 minutes at room
temperature. The DNA content per cell was analysed using a FACSCalibur flow
cytometer. The Figure shows profiles from times points 0, 24,48 and 72 hours.
Parental H357 and H357 a 4 cells show little apoptosis (Sub-Gl) after 72 hours. In
contrast H357 av cells undergo marked apoptosis.
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Figure 4.10 Flow cytometry of av and a 4 transduced normal primary kératinocytes,
av staining was performed using 13C2 antibody and a 4 with the 7.2R antibody with
appropriate secondary antibodies.
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- normal primary kératinocytes stained with JG22 (anti-chick p i)
- normal primary kératinocytes stained with 13C2 (anti-av)
- normal primary kératinocytes stained with 7.2R (anti-a4)
- primary kératinocytes transduced with av stained with 13C2 (anti-av)
- primary kératinocytes transduced with a 4 stained with 7.2R (anti-a4)
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Figure 4.15 PI 3-kinase inhibitor can mimic the apoptotic effects of avp5
in control H357 a 4 cells. The small molecule inhibitors were added to the
suspension experiments. There was no effect on H357 a 4 cells by the
p38MAPK or ERK MAPK inhibitors.

Figure 4.16 A - Western blot of phosphoserine Akt in H357 a 4 and H357 av
cells. The final lane shows H357 a 4 cells at 72 hours in the presence of a PI3kinase inhibitor (Ly 29002). Actin is shown as a loading control.
B Western blot of phosphoserine
in H357 pBp and H357 a v cells. The
gel was exposed for 5 seconds (upper panel) and 2 minutes (lower panel). ERK2
is the loading control.
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Figure 4.17 Flow cytometry of H357 avp6 infected cells. Cells were
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Figure 4.23 The cytoplasmic domain of p5 is required for anoikis.
A Suspension induced apoptosis was measured at 72 hours in control H357
cells, a v expressing cells, avp6 expressing cells and avpX6C5 chimaera
expressing cells. avp6 expressing cells did not undergo anoikis while cells
expressing the pX6C5 chimaera did. Means and standard errors from 3
experiments are shown.
B Western blots of H357 cells held in suspension for 72 hours. H357 parental
and H357 avp6 cells survive in suspension and activate Akt. H357 av and
H357 avpX6C5 cells undergo anoikis and do not activate Akt. The phosphoAkf*^ and actin blots are from the same membrane, while the total Akt blot is
from the same lysates run on a separate gel.
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Figure 4.25 A H357 av cells transduced with A2Akt:ER* treated with 4HT show diffuse staining. B H357 av cells transduced with M^AktrER*
treated with 4-HT show localisation of the construct to the cell membrane.
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that activation of caspase 14 is probably not an early event in keratinocyte differentiation
but is associated with the formation of the comified envelope.
The involvement of caspases in keratinocyte cell differentiation would not be unique to
this cell type. The differentiation of rodent lens epithelial cells into the anucleate lens
fiber is caspase 3 dependent (Ishizaki et al., 1998). During the formation of lens fibers the
cells do not shrink or become fragmented, however they do share features of nuclear
degeneration that could be regarded as an incomplete apoptotic process (Zeuner et al.,
1999). Caspases are also involved in skeletal muscle differentiation with casapse 3
required for the its early initiation. Signalling mechanisms appear shared between
apoptosis and differentiation in muscle cells, and in particular the p38 MAPK pathway.
Both dead and differentiated muscle cells share morphological features like actin fiber
disassembly/reorganisation (Coleman and Olson, 2002; Hall and Nobes, 2000), and
increased activity of matrix metalloproteinases are required for membrane fusion in both
processes (Powell et al., 1999). Caspase activity has also been implicated in monocyte
differentiation (Pandey et al., 2000).

The work on caspases in keratinocyte implicates their activity is necessary for some of
the later stages of differentiation. However the work on integrins relationship to the
caspase death pathways suggests caspases might be involved earlier in the process of
suspension-induced differentiation, and in turn, differentiation may be considered a
surrogate for anoikis/apoptosis. Thus kératinocytes deprived of extracellular matrix,
differentiate instead of apoptosing, a process that can be suppressed by either ligand
binding (fibronectin) or antibody binding (Adams and Watt, 1989) and the cyto-1 domain
(that overlaps the putative caspase-8 binding site) is required. It should be noted that the
process of integrin-mediated cell death occurs in adherent cells rather than those placed
in suspension. However, from the experiments described in Chapter 4 it appears that
unbound integrins in suspension can also activate a caspase driven cell death pathway. I
therefore wished to determine when caspases were activated in suspension induced
differentiation and if they were activated early whether other know signalling pathways,
were effected by this activation and in particular the Akt cell survival pathway.
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5.2 Results
5.2.1 Kératinocytes show caspase activity at 24 hours in suspension

Normal primary kératinocytes (km, passage 4) were placed in suspension
(methylcellulose) alone or with fibronectin (100 pg/ml) to inhibit differentiation via |3l
integrin ligand binding (Adams and Watt, 1989). At 24 hours the cells were harvested
and caspase activity measured using the CaspaTag system that fluorescently labels
activated caspases only. After a one hour incubation in the CaspaTag label, the cells were
placed on glass coverslips, fixed, permeabilised and stained for involucrin. CaspaTag
labelling occurred in over 70% of the kératinocytes at 24 hours. The results are shown in
Figure 5.1. CaspaTag labelling and involucrin expression (used as a measure of
differentiation) were reduced by the addition of fibronectin, suggesting that integrin
binding may inhibit activation of caspases.

5.2.2 CaspaTag labelling is reduced by a general caspase inhibitor (z-VAD-fmk) and
the PI3-kinase inhibitor (LY294002)

The above experiment was repeated, this time with the addition of samples with the zVAD-fmk (50pM) general caspase inhibitor, or the PI3-kinase inhibitor LY294002
(50pM). The z-VAD-fmk inhibited the CaspaTag labelling as expected (Figure 5.2). The
LY294002 PI3-kinase inhibitor was also inhibited CaspaTag labelling.

5.2.3 Caspase activation and nuclear changes occur within 2 hours of cell suspension

As keratinocyte differentiation has been associated with activation of caspases, I wished
to confirm that caspases were activated during suspension-induced differentiation. In
addition I wanted to see if caspases were activated early or late in the differentiation
process. Kératinocytes were placed in suspension for various time points, then assayed
for caspase activation using the CaspaTag assay and for involucrin. The percentage of
cells displaying activated caspases or expressing involucrin was quantified at different
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time points by immunoflourescence microscopy and flow cytometry. As can be seen in
Figure 5.3, caspase activation was low in adherent cells, but was rapidly activated by 2 h
(40% of cells are positive). The proportion of CaspaTag labelled cells increased over the
24 hours in suspension. In contrast, the expression of involucrin remained low until 8
hours of suspension, then progressively increased until approximately 70% of cells were
positive following 24 hours of suspension confirming Adams and Watt, 1989.
Representative cells from the time course are displayed in Figure 5.4.

During keratinocyte differentiation in suspension the nucleus is known to enlarge and
become paler before disappearing completely (Gandarillas et al., 1999). After 24 hours in
suspension CaspaTag positive cells showed enlarged, pale nuclei Figure 5.4 and 5.5.
Caspase activation and nuclear changes in vivo are thought to occur late in terminal
differentiation. However in suspension induced differentiation these changes can clearly
be seen within 2 hours (the time of commitment to differentiation) (Figure 5.6).

5.2.4 Caspase activity depends on the stage of differentiation

Flow cytometry and microscopy identified 2 sub-populations of cells with distinct levels
caspase activation as measured by CaspaTag labelling. After 2 hours CaspaTag labelled
cells brightly, but by 8 hours a second population of cells with less intense CaspaTag
labelling was clearly visible (Figure 5.7). The second population increased with time and
was consistent with the observation by fluorescent microscopy that while brightly
labelled cells show nuclear changes but no involucrin staining, a population of involucrin
positive cells does show less intense CaspaTag labelling. This could imply that caspases
are activated in bulk in the initial stages of differentiation and then reduced in the later
stages, or that different caspases are activated in early and late differentiation that bind
CaspaTag with a different affinity.

5.2.5 A general caspase inhibitor blocks suspension induced keratinocyte
differentiation
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Caspase activation occurred prior to the onset of involucrin expression, and hence may be
an important regulatory event in the commitment of kératinocytes to differentiate. I
therefore examined the ability of the broad spectrum caspase inhibitor z-VAD-fmk to
inhibit suspension induced differentiation of kératinocytes. Kératinocytes were suspended
in methylcellulose for 24 hours in the presence or absence of a general caspase inhibitor,
then assayed for involucrin expression. DMSO vehicle and fibronectin were used as
negative and positive controls respectively. As shown in Figure 5.8, the treatment of the
cells with z-VAD-fmk dramatically inhibited the expression of involucrin compared to
control kératinocytes, and was more effective than fibronectin. Hence these results
suggest that the inhibition of caspases impairs differentiation.

5.2.6 The LY294002 PI3-kinase inhibitor inhibits suspension induced differentiation

Different signalling pathways have been implicated in the regulation of keratinocyte
differentiation including the Ras-Raf-MEK-Erk cascade (Cai et al., 2002; Dajee et al.,
2002; Haase et al., 2001; Roper et al., 2001), ASKl-MEKKl-p38 (Sayama et al., 2001b),
and PI3-kinase [Dajee, 2002 #931]. I used inhibitors of these pathways to determine
whether they were required for suspension-induced differentiation. Inhibitors of MEKl
(U0126, lOpM) and p38 MAPK (SB 203580, lOpM) did not inhibit involucrin
expression following 24 h of suspension (Figure 5.9). In contrast, inhibition of PI3kinase using LY294002 (50|liM) was as effective as z-VAD-fmk in preventing the
induction of involucrin expression, suggesting that PI3-kinase activity is required for
suspension-induced differentiation. PI3-kinase treatment did not increase apoptosis in
suspension (less than 10 % in treated and control cells after 24 hours suspension - data
not shown).

In summary, incubation with a general caspase inhibitor, a PI3-kinase inhibitor or
fibronectin all resulted in inhibition of CaspaTag labelling following 24 h in suspension,
suggesting that all three treatments result in inhibition of caspase activity. All three
treatments also reduced differentiation. In addition, LY294002 compound reduced the
expression of involucrin in post-confluent adherent cells (Figure 5.9).

181

Chapter 5

Activation of caspases and Akt in SID

5.2.7 Treatment of suspended cells with z-VAD-fmk and LY294002 increases ERK
activation

Lysates were made from cells treated with the small molecule inhibitors in Section 5.2.5
above. A Western blot with an antibody to active and total ERK showed activation of
ERK in z-VAD-fmk and LY2904002 treated suspended cells. In the presence of the
inhibitors ERK phosphorylation reached a level similar to adherent cells. This activation
was not seen in untreated cells or cells suspended with fibronectin (Figure 5.10).

5.2.8 The inhibitory effects on differentiation of the PI3-kinase and caspase
inhibitors cannot be overcome by the ERK MAPK pathway inhibitor

ERK MAPK activation has been shown to cooperate with |3l integrin expression and
maintain kératinocytes in the stem cell compartment (Zhu et al., 1999). Treatment of
suspended cells with a caspase inhibitor or a PI3-kinase inhibitor leads to reduced
differentiation and increased ERK activation. Hence the inhibition of differentiation seen
in the z-VAD-fmk and LY294002 treated cells could be due to ERK activation and
maintenance of stem cells. It could therefore be postulated that the U0126 inhibitor (that
inhibits MEK and thus the classical ERK MAPK pathway) would induce differentiation
and overcome the effects of the caspase and PI3-kinase inhibitors. I therefore carried out
double inhibitor experiments to determine whether the inhibitory effects of z-VAD-fmk
and LY294002 could be overcome by U0126. Suspension experiments were carried out
in the presence of single or double inhibitors. The results are shown in Figure 5.11 and
demonstrate that the dominant effects are those of the caspase inhibitor and PI3-kinase
inhibitor. Both inhibitors individually, completely inhibit differentiation and the U0126
inhibitor did not overcome this inhibition. The activity of the U0126 inhibitor was
confirmed by repeating Western blots against active ERK. The U0126 inhibitor alone,
and in the presence of the caspase and PI3-kinase inhibitors stopped activation of ERK
(Figure 5.12). This suggests that the activation of ERK is not required for the inhibition
of differentiation seen by the caspase and PI3-kinase inhibitor treated cells.
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5.2.9 Caspase and PI3-kinase inhibition prevents the expression of other markers of
differentiation

Involucrin is only one marker of keratinocyte differentiation, and hence I decided to test
another marker, cornifin. As shown in Figure 5.13A, comifin expression increased
following 24 h of suspension in methlycellulose and was inhibited by z-VAD-fmk as
efficiently as involucrin expression (Figure 5.13B). Hence the induction of at least two
markers of keratinocyte differentiation was affected by preventing activation of caspases.

In addition to expression of differentiation markers such as comifin and involucrin,
suspension-induced differentiation results in irreversible growth arrest and down
regulation of surface (31 integrins. I therefore examined the surface expression of p i
integrin following suspension for 24 h in the presence or absence of different inhibitors.
Treatment with either z-VAD-fmk or LY294002 prevented downregulation of the p i
integrin compared to controls, as shown in Figure 5.14. This downregulation of the pi
integrin also occurred when the cells were suspended in the LY294002 compound or zVAD-fmk in combination with the U0126 (MEK-ERK-MAPK) inhibitor, as shown in
Figure 5.15 Thus treatment with LY294002 or z-VAD-fmk prevented at least three
aspects of keratinocyte differentiation.

5.2.10 The inhibition of differentiation by z-VAD-fmk and LY294002 is reversible

I wished to test whether the lack of expression of differentiation markers in inhibitortreated suspended kératinocytes represented a block in the execution of the differentiation
program or permanently prevented commitment to differentiate. Kératinocytes that had
been suspended and incubated for 24 hours in the presence of caspase or PI3-kinase
inhibitors were collected by centrifugation, washed, then resuspended for a further 24
hours in medium lacking inhibitors. The cells were then collected and analysed for
involucrin expression (Figure 5.16A and B). Following 24 hours of inhibitor withdrawal,
70% of z-VAD-fmk treated cells expressed involucrin (a percentage equivalent to that of
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non-inhibitor treated cells maintained for 48 hours in suspension). LY294002 treated
cells also expressed involucrin, although the percentage of positive cells was lower. Thus
for both inhibitors, the inhibition of suspension induced differentiation was reversible.
Furthermore, incubation of adherent cells with either inhibitor for 24 hours prior to
suspension in inhibitor free medium did not prevent differentiation, indicating that the
inhibitors did not simply kill the cells without differentiaton (Figure 5.17). Induction of
differentiation following inhibitor washout also resulted in loss of p i integrins for both zVAD-fmk and LY294002 treated cells (Figure 5.18). These cells are from the same
experiment as those shown in Figure 5.16.

5.2.11 Suspension induced differentiation is dependent on activity both caspase 8
and 9

Caspase activation can be broadly grouped into two pathways, the caspase 8-dependent
extrinsic pathway, initiated by activation of death-domain containing receptors (Frisch,
1999a; Rytomaa et al., 1999), and the caspase 9-dependent intrinsic pathway, typically
activated by cytotoxic drugs or DNA damage. As discussed above, an alternative
mechanism has been suggested for activation of caspase 8 dependent pathways, involving
the recruitment of caspase 8 to unligand bound integrin cytoplasmic tails (Stupack et al.,
2001). To examine the role of each pathway 1 repeated the suspension experiments using
either caspase 8 or 9 specific inhibitors (Figure 5.19). Caspase 8 inhibitor (z-lETD-fmk)
suppressed suspension-induced differentiation as efficiently as z-VAD-fmk, while the
caspase 9 specific inhibitor (z-LEHD-fmk) partially suppressed suspension-induced
differentiation. Thus it appears that both pathways contribute to the differentiation
process, but the caspase 8 dependent pathway is absolutely required.

5.2.12 A dNFADD construct inhibits differentiation

The inhibition of differentiation by the caspase 8 inhibitor suggests caspase 8 is required
for differentiation. As discussed in Chapter 4, detached cells undergo anoikis via a
caspase 8 dependent mechanism dependent on death receptors. Alternatively caspase 8
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can be directly activated by un-ligand bound tails of |3l integrins. It is possible that
caspase 8 dependent differentiation is triggered by one of these mechanisms. To help
identify which, I infected normal primary kératinocytes with the dNFADD construct used
in Chapter 4. Expression was confirmed by flow cytometry (Figure 5.20A) and Western
blotting for the AUl tag (Figure 5.20B). Suspension induced differentiation was then
compared between cells expressing this construct and controls (Figure 5.20C). The
dNFADD construct did reduce differentiation as measured by involucrin expression,
however not to the same extent as the caspase 8 inhibitor. This may be due to the lack of
specificity of the caspase inhibitor, caspase 8 may be activated both by death receptors
and another mechanism such as direct activation by unbound integrins, or the dNFADD
construct may not completely block F ADD.

5.2.13 Akt/PKB is activated in suspended kératinocytes

Active Akt/PKB can inhibit apoptosis and encourage cell survival. Indeed an active form
of Akt overcomes anoikis in MDCK cells (Rytomaa et al., 2000) and in H357 cells
(Chapter 4). I therefore suspected that the Akt survival pathway might be activated in
response to caspase activation in normal kératinocytes, allowing cell survival and
subsequent differentiation rather than death. Lysate samples from the time course
depicted in Figure 5.3 were Western blotted for phosphorylated (active) Akt (Figure
5.21A). Low levels of active Akt were detected in cells from the 0 and 2 hour time
points; however activation of Akt was evident by 4 h and strong in the 6 and 12 hour
samples. Thus Akt activation precedes the onset of involucrin expression (which begins
at 8 h after suspension), but is subsequent to caspase activation (which begins at 2 hours.
Figure 5.3).

5.2.14 Activation of Akt is dependent on PI3-kinase activity, caspase activation and
integrin ligand binding

As the caspase activation occurs prior to Akt activation, inhibition of caspases would be
predicted to inhibit the Akt activation. I therefore examined Akt activation in samples
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that had been placed in suspension for either 2 or 6 hours (ie prior to or subsequent to Akt
activation) and treated with either DMSO, z-VAD-fmk, LY294002 or fibronectin (Figure
5.21B). There was no difference in phospho-Akt levels after 2 hours in suspension,
however at 6 hours the z-VAD-fmk, LY294002 and fibronectin treated samples had
reduced active Akt levels compared to 6 hour controls. DMSO vehicle had elevated
phospho-Akt levels equivalent to the untreated 6 hour suspension sample. These results
suggest that the Akt activation depends on prior caspase activation.

Akt activation may function either to provide a survival signal while caspase-dependent
processes drive suspension-induced differentiation, or the activation of Akt may in itself
drive the differentiation process. In the latter case, strong Akt activation in adherent
kératinocytes may be sufficient to induce differentiation in the absence of caspase
activation. In order to address these models, I examined conditional activation of Akt
using ER fusion constructs described in the previous chapter (Kohn et al., 1998a).

The construct contains an N-terminal src myristoylation sequence fused to an AKT
lacking its PH domain which has in turn been fused to mutant oestrogen receptor (this
protein known as M'^AktiER* is referred to as Myr). The second variant contains a
glycine to alanine substitution in the position 2 of the myristoylation sequence, which
prevents membrane targeting of the myristoylation sequence (this construct is termed the
A2Akt:ER* referred to as A2).

Kératinocytes were infected with retroviruses containing the Myr and A2 constructs and
assayed for expression of the respective fusion proteins by blotting for ER (Figure
5.22A). Adherent, preconfluent kératinocytes were treated with 0.1 |xM 4-HT for 24
hours and then assayed for Akt activation and involucrin expression. Strong Akt
phosphorylation was observed in the cells expressing the Myr construct, while much
weaker phosphorylation was observed in cells expressing the A2 construct. Induction of
Akt activity in suspended kératinocytes did not affect suspension-induced differentiation
at 24 hours (Figure 5.22B). This might be expected if the cells are activating endogenous
Akt. However activation of the Myr but not the A2 construct strongly induced involucrin

186

Chapter 5

Activation of caspases and Akt in SID

expression in adherent kératinocytes (Figure 5.23A and B), indicating that a strong Akt
signal was sufficient to cause differentiation. Induction of involucrin expression was seen
4 hours later which represents the same kinetics in suspension, where activation of Akt
occurs at 4 hours and increased involucrin expression at 8 hours.

5.2.15 z-VAD-fmk inhibits suspension induced differentiation despite exogenous Akt
activation.

Akt is activated in kératinocytes placed in suspension (Figure 5.21). Akt activation is
inhibited by a general casapse inhibitor (Figure 5.21), and differentiation is inhibited
(Figure 5.2). An active exogenous Akt can drive differentiation in adherent cells (Figure
5.22B). It thus appears that Akt may be activated by caspase activation and Akt can
directly drive differentiation (although the nuclear changes of differentiation occur before
Akt is activated in suspension). To try and determine whether caspase activation is up or
down stream of Akt activation 1 carried out suspension experiments in km cells
transduced with the M'^Akt:ER* construct with or without z-VAD-fmk (Figure 5.24A).
The z-VAD-fmk inhibited differentiation despite M^AktiER* activation with 4-HT
(activation is shown in Figure 5.24B) Hence caspases appear necessary for the
activation of Akt (Figure 5.2IB) and for the process of differentiation. It thus seems
possible that Akt is activated in suspension to keep kératinocytes alive long enough (by
inhibiting the full apoptotic machinery) to differentiate after they have become un-ligand
bound, while in adherent cells Akt may directly drive differentiation.

5.2.16 Akt and caspases are activated in human epidermis

The experiments above have identified activation of Akt and caspases as a necessary step
early in suspension induced differentiation. To look for evidence that Akt and caspase
activation occurs in early differentiation in vivo 1 used immunofluorscence staining of
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frozen human foreskin sections. Immunofluorescent staining for phosphoserine-Akt
occurs in the first suprabasal layer but then is absent from the upper spinous and granular
layers (Figure 5.25). CaspaTag staining also begins in the first supra-basal layers; it
continues throughout the layers, increasing in intensity towards the outermost epidermal
layers (Figure 5.26). These results match well the activation profiles in suspension of
Akt and CaspaTag labelling.
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5.3 Discussion
These experiments investigated the mechanism of human keratinocyte differentiation.
The experimental model used was suspension induced differentiation (SID). SID is
inhibited by both a caspase inhibitor and a PI3-kinase inhibitor as measured by involucrin
and comifin expression and loss of surface p i integrins. Caspase activity occurs within 2
hours in SID and this early activation is associated with nuclear changes consistent with
those seen in early keratinocyte differentiation. Caspase 8 is necessary for differentiation
to occur; however caspase 9 may also be involved. A dNFADD construct inhibited SID,
indicating that a death receptor type pathway may be necessary (Frisch, 1999a; Rytomaa
et al., 1999) and supporting the results obtained with the caspase 8 inhibitor. Caspase
activation is followed by an activation of Akt by 6 hours (as measured by
phosphorylation of the serine residue 473). This Akt activation is dependent on caspase
activity, PI3-kinase activity and integrin binding. A constitutively active Akt construct
can drive differentiation in adherent cells (although not in suspension, possibly due to the
high levels of differentiation seen anyway) but did not occur in the presence of a general
caspase inhibitor, suggesting caspases are both upstream and downstream of Akt in the
differentiation process.

It thus appears that caspase activity is required both early and late in SID. The different
levels of CaspaTag staining may indicate activation of different caspases or different
levels of activation possibly by a negative feedback mechanism as differentiation
progresses. A possible model is that there is early activation of caspases by unbound
integrins (Stupack et al., 2001). This may involve caspase 8 and is inhibited by a
dNFADD construct. The activation of caspase 8 may be amplified by a caspase 9
dependent process (Rytomaa et al., 2000), as seen in anoikis (Rytomaa et al., 2000).
However the activation of Akt that occurs 4 hours later could control the caspase activity
stopping cell death, possibly by inhibiting the full scale induction of the apoptotic
pathway, as observed in MDCK cells that express active Akt constmcts (Rytomaa et al.,
2000). This would reduce caspase activity in cells undergoing the later stages of
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differentiation, allowing organisation of the comified envelope proteins. At this later
stage caspase 14 or caspase 3 could be activated, possibly accounting for the lower
intensity CaspaTag stained cells. Thus caspase induction of differentiation is similar to
the mechanism of anoikis but controlled by Akt activation. The staining of human
foreskin sections indicates that activation of Akt occurs in vivo in the suprabasal layer
and may control the apoptotic process promoting differentiation.
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Figure 5.1 CaspaTag binding and involucrin expression in normal primary
kératinocytes (NPKs); km, passage 4, after 24 hours suspension. The cells
were placed in methylcellulose for 24 hours and CaspaTag labelling and
involucrin expression compared to a time 0 control. Over 70% of the cells
were CaspaTag positive at 24 hours but this is reduced by fibronectin ligand
binding. 400 cells were counted, 100 per slide, and the means and standard
errors shown of a representative experiment of 3.

% cells

80
70
60
50
40
30
20

r ti

10

0
km5

km5

Time 0

24 hours

km5
km5
km5
DMSO Fibronectin PI3-KI
24 hours 24 hours 24 hours

km5
Cl
24 hours

C aspaT ag

Figure 5.2 CaspaTag labelling of normal primary kératinocytes; km,
passage 5, held in suspension under different conditions. Fibronectin
(lOOfxg/ml), the PI3-kinase inhibitor LY294002 (50pM) and the caspase
inhibitor (Cl) z-VAD-fmk (50pM) all reduce the uptake of the CaspaTag
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Figure 5.3 Time course of CaspaTag uptake and involucrin expression in
suspended normal primary kératinocytes (km, passage 5). Cells were
suspended for the marked times and then CaspaTag labelling and
involucrin staining carried out. Involucrin staining was determined by
microscopy (over 400 hundred cells were counted per time point) and
CaspaTag labelling by flow cytometry. The experiment was repeated three
times and a representative experiment is shown.

Figure 5.4 Activation of caspases in suspension. Panels A D show adherent cells
harvested and fixed after 1 hour CaspaTag labelling. Panels E H show cells after
24 hours in suspension, harvested and suspended in CaspaTag for 1 hour. A and
E show CaspaTag (green), B and F show involucrin (red) and C and G show
Hoechst staining of cell nuclei. D shows merged pictures of A C and H is a phase
contrast picture. At time 0 there are very few CaspaTag positive cells and
involucrin positive cells. After 24 hours of suspension around 30% of cells are
intensely CaspaTag labelled (solid arrows) while a further 40% are positive but
less intense (outlined arrows). The cells, positive for involucrin are less intensely
Caspatag labelled. Intensely CaspaTag labelled cells have large pale nuclei while
fainter CaspaTag labelled, involucrin positive cells have smaller, brighter nuclei.
The phase contrast picture H shows the highly refractile membranes of the cells
with the highest expression of involucrin. Scale bar 5pm.
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Figure 5.5 CaspaTag labelling after 24 hours in suspension mirrors nuclear
changes. Panels A C show 3 CaspaTag positive cells (arrowed) with large
pale nuclei. Panels D-F shows a CaspaTag positive cells with no nucleus
(arrow). Panels A and D show CaspaTag labelling; B and E Hoechst nuclear
staining; and C and F phase contrast pictures.

Figure 5.6 CaspaTag and involucrin labelling after 2 hours. A D and E H are
the same cells labelled with CaspaTag (green), involucrin (red) and Hoechst
(blue). D and H are merged images of A - C and E - G respectively.
40% of cells are brightly CaspaTag positive and these cells are involucrin
negative, but have large, pale nuclei, consistent with changes of differentiation
(white arrows A and B). Less than 20% of cells are involucrin positive and some
of these are less intensely CaspaTag positive (white arrows D and E). Scale bar
5pm in D and 10pm in H.
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Figure 5.6

Figure 5.7 CaspaTag labelling of kératinocytes held in suspension. A-H Show
flow cytometry profile of kératinocytes held in suspension for the times shown and
then labelled with the CaspaTag fluorescent label. Necrotic cells were gated out
with propidium iodide staining. Active caspases were detected from 2 hours (39%
of cells) and the number increased to 75% at 24 hours. A second population of
CaspaTag positive cells appeared (from around 8 hours; obvious by 12) with lower
staining intensity. Shown is a representative of 3 experiments. I K show 3 time
points from the same experiment plotting fluorescence (x-axis) against cell number
(y axis).
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Figure S.8 Caspase inhibitor is more potent than fibronectin in supressing
keratinocyte differentiation. Suspension of km5 normal primary kératinocytes was
carried out in the presence of the general caspase inhibitor z-VAD-fmk, a DMSO
solvent control or fibronectin. 400 cells were counted in each group, 100 per slide
and the experiment repeated 3 times. The means and standard errors are shown.
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Figure 5.9 Caspase and PI3-kinase inhibitors suppress keratinocyte
differentiation. Suspension of normal primary kératinocytes, km, passage 5, was
carried out in the presence of a number of small molecule inhibitors. 400 cells
were counted in each group, 100 per slide and the experiment repeated 3 times.
The means and standard errors are shown from the three experiments. The Ly
compound also inhibited differentiation of adherent cells left for a further
24hours.
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Figure 5.10 Western blot of active (phosphoryiated) ERK. Lanes 1 and 2 are lysates
of untreated cells before and after 24 hours suspension, while the next 6 lanes have had
the addition of the compounds shown for 24 hours in suspension. The final two lanes
are from adherent cells, harvested by trypsin (Try*) with or without pre-treatment with
the LY294002 compound. z-VAD-fmk and LY294002 treated cells both show activa
tion of ERK to a similar level as adherent cells. The LY294002 compound did not
effect ERK activation in adherent cells.
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Figure 5.11 Caspase and PI3-kinase inhibitors suppress keratinocyte
differentiation despite inactivation of the ERK MAPK pathway. Suspension
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to controls. 400 cells were counted in each group, 100 per slide, and the
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the three experiments.
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Figure 5.13 Caspase and PI3-kinase inhibitors suppress keratinocyte
differentiation as measured by both involucrin and comifin expression.
Suspension of normal primary kératinocytes km, passage 6, was carried out in the
presence of the small molecule inhibitors comparing differentiation to controls. A
shows comifin detected with Sq37C (1:1000) and B involucrin detected with SY5
(1:200). 400 cells were counted in each group, 100 per slide, and the experiment
repeated twice. The means and standard errors are shown from a representative
experiment.
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Figure 5.14 z-VAD-fmk and LY294002 prevent suspension-induced loss of
surface p i integrin. Cells were suspended in methylcellulose for 24 hours with
DMSO (as a control), a PI3-kinase inhibitor LY294002 (50pM), or the general
caspase inhibior z-VAD-fmk (50pM), and p i integrin surface levels compared by
flow cytometry using the anti-pi antibody P5D2.
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Figure 5.15 z-VAD-fmk and LY294002 protect against the loss of surface p i
integrin in the presence of U0126. Cells were suspended in methylcellulose for 24
hours with DMSO as a control, a PI3K inhibitor LY294002 (50p,M), the general
caspase inhibitor z-VAD-fmk (50pM), or the MEK inhibitor U0126 (lOpM), or a
combination, and the p i integrins surface levels compared by flow cytometry
using the anti-pl antibody P5D2.
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Figure 5.16 A and B Normal primary kératinocytes, km passage 6 can undergo
differentiation after washout of the inhibitors. A shows cells expressing
involucrin after being held in suspension for 24 hours with or without inhibitors
present compared to adherent cells. B The cells were then washed and re
suspended for a further 24 hours and involucrin expression re-examined. Cells
were stained with SY5 anti-involucrin and 400 cells were counted in each
group, 100 per slide. The experiment was repeated 3 times. The means and
standard errors are shown from the three experiments.
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Figure 5.17 Confluent adherent cells treated with LY294002 show reduced
differentiation but this is reversed on washing and suspension. At confluence
normal primary kératinocytes, km passage 5, were treated with the z-VADfmk (50pM) and LY294002 (50pM) inhibitors. Involucrin was measured
after 24 hours. The cells were then washed and suspended without the
inhibitors. Both treated and untreated cells underwent suspension induced
differentiation. The experiment was repeated twice; data from one experiment
is shown.
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Figure 5.18 z-VAD-fmk and LY294002 protection from loss of surface p i
integrins is reversible. A shows a secondary antibody only control, B shows p i
integrin levels in adherent cells. C, E and G show cells suspended in
methylcellulose for 24 hours with DMSO (as a control), a PI3-kinase inhibitor
LY294002 (50p,M), or the general caspase inhibitor z-VAD-fmk (50p,M). p i
integrin surface levels were compared by flow cytometry using the anti p i
antibody P5D2. D, F and H show cells that were recovered from suspension
washed and resuspended without the inhibitors; and again p i integrin levels were
measured by flow cytometry.
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Figure 5.19 kms passage 6, were placed in suspension in the presence of the
general caspase inhibitor (z-VAD-fmk 50pM), the caspase 8 specific inhibitor
(z-IETD-fmk 50pM) and the caspase 9 specific inhibitor (z-LEHD-fmk
50pM). The caspase 8 inhibitor completely blocked differentiation and the
caspase 9 inhibitor partially. Therefore both caspases appear to be involved in
the differentiation process.
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Figure 5.20 A Lysates from km cells transduced with the dNFADD construct were
Western blotted for the AUl tag; parental cells showed no band. B Flow cytometry
for GFP confirmed a high percentage of the cells in A expressed the construct. C
Normal primary kératinocytes expressing the dNFADD construct showed reduced
involucrin expression
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Figure 5.21 A Western blot showing activation of Akt in suspended
kératinocytes. Normal primary kératinocytes, km, passage 6,were suspended
in methylcellulose and lysates made at the time points shown. Active Akt
was detected with an anti-phospho serine 473 antibody (Biosource) and the
blot was also probed for total Akt (Cell Signalling).
B km6 cells were placed in suspension for 0, 2, and 6 hours with z-VADfmk (50pM), LY294002 (50pM), fibronectin (lOOpig/ml) or a DMSO
control. The caspase and PI3-kinase inhibitors and fibronectin reduce
activation of Akt at the 6 hour time point.
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Figure 5.22 Active Akt does not promote differentiation in suspended
kératinocytes. A Western blots showing expression of the ER protein and
constitutive activation of the M^AktrER* protein (anti-phospho Akf*^ Biosource) after treatment with 4-hydroxyTamoxifen (4-HT). Activation
occurs in adherent and suspended cells. B Activation of the M^AktiER*
construct with 4-HT did not promote involucrin expression in suspension.
Means and standard errors of 3 experiments are shown.
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Figure 5.24 A The general caspase inhibitor z-VAD-fmk inhibits involucrin
expression despite constitutive Akt activation. M^AktrER* transduced primary
kératinocytes, kmômyr, were placed in suspension and the effects of activation of the
construct with 4-HT (0.1 pM) and treatment with z-VAD-fmk (50pM) were tested.
The z-VAD-fmk inhibits differentiation despite activation of Akt. B Activation of the
M AktiER* construct was confirmed by Western blotting (phosphoserine Akt
Biosource). Total Erk loading control.

Figure S..25 A D and E-H are the same sections of human foreskin stained with
anti-phosphoserine Akt (green) anti-E-cadherin (red) and Hoechst (blue). D and
H are merged images of A-C and E-G respectively Active Akt can be seen in the
supra-basal layers but stopping at the granular layer. Scale bar 10pm.

B

Figure 5.26 A and B both show
CaspaTag labelling on frozen human
foreskin. Active caspase staining is seen
from the first supra-basal layer and then
increases through the differentiated
layers. Scale bar 10pm.

Chapter 6
General Discussion

Anchorage dependence is a requirement for cell viability (Stoker et al., 1968) and is
controlled by integrins (Frisch and Francis, 1994; Meredith et al., 1993). Suspended
kératinocytes undergo differentiation while other epithelial cells undergo apoptosis. It is
possible that the two processes are achieved by similar mechanisms with kératinocytes
resisting the completion of the apoptotic process and initiating terminal differentiation as
an alternative means of controlled cell death.

avPS, avp6 and anoikis

In Chapters 3 and 4, I show that the introduction of the a v integrin subunit into H357
cells that lack a v expression reduces anchorage independent growth and that the likely
mechanism is via the induction of anoikis. Anoikis is mediated by unligated avpS
heterodimer and requires the p5 cytoplasmic domain. It is inhibited by caspase 8 and 9
inhibitors but is not dependent on death receptor activation of caspase 8. These
observations suggests that the p5 cytoplasmic domain is either directly activating a death
pathway, or inhibiting an Akt dependent survival pathway. SCCs are known to down
regulate avp5 and upregulate av p 6 expression. This may allow them to avoid the
apoptotic stimulus of unligated avp5. Since the avp6 integrin is known to bind directly
to Erk, and to upregulate MMP-9, it may promote growth and invasion respectively
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(Ahmed et al., 2002a; Thomas et al., 2(X)la; Thomas et al., 2001b; Thomas et al., 2001c)
(Figure 6.1).

The mechanisms by which avpS inhibits the activation of Akt and thereby triggers
apoptosis is not completely clear. Unligated p i and P3 integrin subunits can directly
activate caspase 8, however p5 does not (Stupack et al., 2(X)1). In H357 av cells held in
suspension, caspase 8 activation of caspase 3, which is cleaves and inctivates Akt, could
account for its loss (Bachelder et al., 2001). However 1 do not see a reduction in total Akt
that you would expect with its cleavage by caspases.

Normal
Kératinocytes

SCC
avpS loss

Matrix
unligated
P5

av

P6

av

Plasma
membrane

i

Akt/PKB

♦
Cell Death

I

Akt/PKB
Erk

Cell Proliferation
Cell Migration
Cell Invasion
Activation of MMPs

Figure 6.1 A model for the SCC avp5 to avp6 survival switch

The cytoplasmic domain of pS binds a number of signalling proteins, including FAK and
p21-activated kinase 4 (PAK4) (Eliceiri et al., 2002; Zhang et al., 2002). As discussed in
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Chapter 1, FAK is known to play a role in survival signalling, as is Src, which regulates
the coupling of FAK to p5 (Eliceiri et al., 2002). However I did not detect any difference
in FAK phosphorylation between parental and av transduced cells suggesting that FAK
is not involved in my model. PAK4 colocalises with avpS and assists in cell migration
(Zhang et al., 2002), and a constitutively active form of PAK4 also protects against
apoptosis (in response to UV irradiation, TN Fa stimulation and serum withdrawal
(Gnesutta et al., 2001)) and promotes anchorage independent growth of fibroblasts (Qu et
al., 2001). It is possible that unligand bound avpS leads to a reduction in PAK4
activation and an increased sensitivity to death stimuli in H357 cells.

Future work could examine how the P5 cytoplasmic domain leads to the inhibition of Akt
activation and stimulation of the apoptotic machinery in H357 cells. This may involve
direct activation of caspases by the integrin tail, or a change in the balance of survival
signals within a cell. Death signals, or loss of survival signals, may be induced by
proteins that bind directly to the p5 tail and, are either activated or inactivated by a
change in integrin conformation on the loss of ligand binding. Alternatively the avp5
integrin may cluster with death factors released due to the changes in the cytoskeleton
that occur on cell suspension (Stupack and Cheresh, 2002). Finally, it is possible the
parental H357 cells have a constitutively active form of Ras (Khwaja et al., 1997) or PI3kinase (seen in Small Cell Carcinoma cells (Moore et al., 1998)), resulting in the
activation of Akt, and the avP5 integrin may somehow overcome their effects.
Experiments to identify proteins that bind to the p5 cytoplasmic domain in H357 cells
and a mutational analysis of the p5 cytoplasmic domain may help reveal a more precise
mechanism of its pro-apoptotic effect.

The role of Akt and caspases in normal terminal differentiation

Like anoikis, suspension induced terminal differentiation of primary kératinocytes is
initiated by unbound integrins. Adhesion to the extracellular matrix negatively regulates
differentiation of primary kératinocytes and negatively regulates anoikis of suspended
avp5 transduced H357 cells (Watt et al., 1988). As discussed in Chapter 1, many of the
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morphological changes seen in apoptosis and differentiation are similar. The
physiological processes of stratification and differentiation of the skin need to overcome
the apoptotic stimuli likely to be triggered by the changes in ligand binding incurred by
the cells as they move upwards through the layers. In Chapter 5, I demonstrated that
caspases are activated early in suspension induced differentiation and that differentiation
is inhibited by both a caspase 8 inhibitor and partially by a caspase 9 inhibitor.
Suspension induced differentiation was also inhibited by a dNFADD construct,
suggesting that the activation of caspase 8 may be via death receptors.

Akt activation stimulates cell survival, but in kératinocytes PI3-kinase activation
promotes differentiation. Dajee and colleagues showed that two different PI3-kinase
inhibitors inhibited differentiation (Dajee et al., 2002) in good agreement with my own
results. However a separate group (Sayama et al., 2002) found that a dominant negative
PI3-kinase construct initiated differentiation, promoting expression of early markers
keratin 1 and 10 but not late markers such as involucrin and loricrin, while a
constitutively activating PI3-kinase construct prevented differentiation. Both of these
groups examined differentiation of adherent cells rather than suspension induced
differentiation. The reason for the different results between the groups is unclear,
although the Sayama et al study used different culture conditions (particularly Ca'^'^
concentration) and the different results between early and late markers of differentiation
in this study requires further examination.

I observed Akt activation after 6 hours in suspension, 4 hours after the activation of
caspases. Akt activation in suspended kératinocytes, and in cells moving up through a
stratified epithelium in vivo, may be allowing cells to survive apoptotic stimuli. Initial
suspension and loss of integrin ligand binding may directly (Stupack et al., 2001) or
indirectly (via death receptor activation (Frisch, 1999a; Rytomaa et al., 1999)) lead to
activation of caspases in a manner similar to anoikis (Rytomaa et al., 2000). In anoikis
this involves early caspase 8 activation and then a subsequent activation of caspase 9,
which imposes a positive feedback leading to further caspase 8 and executioner caspase
activation. In differentiation, however, it is possible that the activation of Akt inhibits
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full-scale apoptosis, possibly by inhibiting activation of caspase 9, and therefore allows a
slower form of cell death, terminal differentiation.

An alternative model is that the role of Akt in keratinocyte differentiation is a more
positive one. 1 demonstrated that inhibition of P13-kinase blocks differentiation without
inducing apoptosis and this does not fit with Akt simply controlling an ‘apoptotic-type’
response. Secondly, while a constitutively active Akt construct did not significantly
increase differentiation in suspended cells, probably because differentiation of control
suspended cells is maximal, the construct did promote differentiation in adherent cells.
Akt stimulated differentiation of adherent cells was inhibited by a pan-caspase inhibitor
suggesting a role for caspases downstream of Akt in keratinocyte differentiation. Figure
6.2 summarises my proposed model for the role of Akt and caspases in keratinocyte
differentiation.

in VIVO

in vitro

Cells leaving the
basal layer - down
regulating pi

Cells held in
Caspase
in hibito r

Unligated pi
PI3-kinase
inhibitor

Active caspases Early differentiation

Active
Akt

Caspase
inhibitor

Inhibits apoptosis thereby promoting differentiation by
late differentiation caspases (eg caspase 14) and may
Figure 6.2 The role of caspases and Akt in suspension induced keratinocyte
differentiation
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The regulatory system and mechanism of differentiation in kératinocytes remains
complex and unresolved. Several other intracellular signalling pathways have been
implicated in the regulation of keratinocyte differentiation. These include Ask (Sayama et
al., 2001a), p38MAPK (Efimova et al., 1998; Sayama et al., 2001a), MAPK, protein
kinase C (Ohba et al., 1998; Osada et al., 1993), and N F - k B

(H u

et al., 1999; Seitz et al.,

1998; Takeda et al., 1999). ASKl is expressed in the upper layers of stratified epithelium
and is associated with an induction of late differentiation markers (Sayama et al., 2001a),
while PKC is associated with transition from the spinous to the granular layer (Dlugosz
and Yuspa, 1993). NF-KB is thought to play a role in the initiation of differentiation.
IKKa-deficient mice show abnormal differentiation and

N F -k B

translocates from the

cytoplasm to the nucleus in the supra-basal layer (Takeda et al., 1999).

Further work examining the roles of Akt and caspases could include a closer study of the
caspses involved, including identification of active cleavage products of specific caspases
and casapse activity assays of suspended cell lysates. How an early activation of caspases
may lead to the activation of Akt also needs to be studied. I suggest earlier that the avP5
integrin may lead to the inactivation of Akt in H357 cells, however in normal
keratinocyte suspension induced differentiation I am suggesting the reverse. A possible
mechanism for caspase induced activation of Akt could be caspase cleavage and
inactivation of the tumour suppressor PTEN (J Torres et al, submitted to JBC), a negative
regulator of Akt.
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