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Abstract 

The phosphotidylinositide-3-kinase (PI3K) pro-survival signalling pathway is critical in the 

development of cancer. Major contributors to the proliferative and/or anti-proliferative signalling 

in human oesophageal squamous cell carcinoma (HOSCC) are currently unknown. Based on the 

Ser473 phosphorylation state of PKB (pPKB), this study dissects the overall activation status of 

the PI3K/PKB pathway. Despite the prevalent membrane expression of PI3K determined 

through western blotting and immunofluorescence, pPKB levels were shown to be surprisingly 

low. Activation of EGFR did not produce a hyperactivation of the PI3K/PKB pathway. Neither 

PI3K nor PKB sequence isolated from the 5 HOSCC cell lines possessed any of the ―hotspot‖ 

mutations described previously for other tumours. Inhibiting phosphatase protein 2A (PP2A), an 

integral antagonist of PKB, indicated that its activity in respect of PKB is diminished in HOSCC 

cells. Despite the low concentration of pPKB, the reciprocal relationship with PTEN expression 

was not evident in the WHCO and SNO HOSCC series. Moreover, reversible oxidization and 

inhibition of PTEN served to augment the activation of the PI3K/PKB pathway. Since oxidation 

of PTEN is imperative for effective signal propagation from activated EGFR and PI3K, these 

data reveal an aberrant EGFR-PI3K-H2O2 mediated PTEN inhibition in HOSCC. Allied to this 

discovery, was the finding that HOSCC cells are highly susceptible to oxidative stress induced 

by H2O2. This was suggested to play an essential part in maintaining the low PI3K/PKB 

activation status. Although the decrease in PTEN activity was required for the induction of 

pPKB, PTEN may not be the only limiting component for the activation of the PI3K/PKB 

pathway in HOSCC. In addition to its overexpressed EGFR status, the WHCO and SNO HOSCC 

series have the propensity to appropriate nuclear β-catenin. Interruption of the PI3K/PKB 

signalling pathway caused a small, yet significant, depression in the nuclear localization of β-

catenin in 3 of the HOSCC cell lines. Together, this work greatly expands our understanding of 

the major influences behind the proliferative and/or anti-proliferative signalling in HOSCC, 

primarily that, the EGFR overexpression status does not propagate these transforming 

capabilities via activation of the PI3K/PKB pathway, and that this may be a reflection of its 

transformation potential. The findings derived from this study are likely to have a profound 

impact on future therapeutic targets for this disease. 
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Chapter 1 
General Introduction 

The road to understanding the role of 
PI3K in HOSCC 

 

1.1 The non-linearity of signal transduction in cells. 

Constant communication between cells and their environment is imperative in multicellular 

organisms, in order to balance important biological processes such as cell proliferation, 

differentiation, cell motility, survival, apoptosis and cell adhesion
1
. Cells are highly sensitive, 

and responsive to changes in their external environment or extracellular matrix (ECM).  These 

changes are communicated by various molecules within the ECM which bind to, and activate, 

specific transmembrane receptors located within the plasma membrane of cells
2
. Typically, these 

signals are acquired through direct communication between cells by the cell adhesion molecules 

(CAMs), and an indirect communication through signals that are transmitted by ligand-activated 

cell-surface receptor tyrosine kinases (RTKs) and non-receptor tyrosine kinases (see Fig. 1.1 for 

an overview).  The latter includes growth factors (GFs), hormones, neurotransmitters, 

chemokines, extracellular matrix components, and cytokines, which activate secondary 

messengers in the cytoplasm of the cell. In turn, these are able to control which signals should be 

integrated and amplified in order to solicit an appropriate cellular response
1-3

.  Cells responding 

to such stimuli undergo a variety of changes in one or more of the above mentioned biological 

parameters
4
. Overall, this process is referred to as signal transduction

5
, which is represented in 

Fig. 1.1.  

 

The various signalling ligands are too large and polar to pass through the plasma membrane and 

therefore bind to the extracellular domains of receptor proteins, which induce a conformational 

change in their cytoplasmic domains, resulting in their consequent activation
1-5

.  All signalling 

pathways within a cell are activated as a result of ligand binding either to a RTK (GF 

receptor)
6,7

; G-protein coupled receptors (GPCRs)
8
 or a non-RTK (the CAMs)

9
. Receptor stimuli 

are short-lived and must be transduced into a longer lived signal as second messengers
10

.  The 

most common of these include cyclic AMP, inositol 1,4,5-triphosphate (IP3), diacylglycerol 

(DAG), phosphatidylinositol bisphosphate (PIP2), and phosphatidylinositol triphosphate 



2 

 

(PIP3)
11,

 
12, 13

.  Through a series of protein phosphorylations and dephosphorylations, protein 

recruitment, allosteric activation or inhibition and protein binding induced by these secondary 

messengers across the cytoplasm, leads to either the amplification, or suppression, of signal 

transduction pathways through the transcription of target genes (see Fig. 1.1)
14

.   

 

 

Figure 1.1: General overview of signal transduction.  This figure demonstrates communication 
between cells through the ECM, RTKs, and non-RTKs. These signals are received, 
and amplified through signal transduction that induces a cellular response.  

 

Additionally, these pathways are activated by the associated recruitment of adaptor proteins to 

the sites of activation at the plasma membranes
15

. Classically, these include; Grb2, Grb2-

associated binder-1 (Gab1), Src, Nck2, Sos, and Shc adaptor molecules
1, 15

.  The major signal 

transduction pathways activated as a result of these second messengers, are the Ras-mitogen-

activated protein kinase (MAPK) cascade which further includes four separate signalling 

cascades (ERK, JNK, p38 and BMK)
16

; the phosphatidylinositol 3-kinase (PI3K) pathway, the 

JNK/STAT (Just another kinase) pathway, the protein kinase C (PKC) and Wnt intracellular 

signalling pathways
17

. A long standing question is what determines the specific activation of 

each of these signal transduction pathways? The answer to this is both simple and complex, in 

that no signal transduction pathway operates in isolation but instead, each pathway interacts with 

an allied pathway and function in synergy with each other (see Fig. 1.2 for an illustration)
18

.  

This phenomenon is known as ―crosstalk‖
19, 20, 21

. Cells are exposed to a multitude of external or 

incoming stimuli that trigger the simultaneous activation of various signalling pathways, 

resulting in major biochemical responses that are interpreted through a complex network 

activation of different signal transduction pathways (see Fig. 1.2)
22

.  The negative and positive 

input from the diverse signalling pathways is what allows the cell to regulate its activity more 

effectively, than rather through a single isolated pathway
23

. Miscommunication between these 

pathways has severe effects on the cell that eventually lead to the current ten hallmarks of cancer 

such as, uncontrolled growth and proliferation, migration and invasion, and evasion of cell death 

(apoptosis)
24

, as depicted in Fig. 1.3.  

Cell 
RTKs 

non-RTKs 
Cell Reception 

Amplification 

(Signal 
Transduction) 

Cellular 
Response 
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Figure 1. 2: Representation of crosstalk that takes place between the signalling pathways within 
the cell, showing the localization of the several receptors at the plasma membrane, 
adaptor molecules, signalling pathways within the cytoplasm and transcription 
factors in the nucleus, arrows exhibiting a positive influence24.  

 

1.2 The concept of “Oncogene Addiction”. 

Signalling miscommunication can be caused by a combination of genetic and epigenetic changes 

in genes and proteins, which result in aberrant cell behaviour (as represented in Fig. 1.3). Once a 

cancer cell reaches this stage, it is often irreversible
25, 26

. Despite the various efforts to depict the 

molecular intricacies that govern such aberrant intracellular circuits, a complete understanding is 

still lacking. Cancer is a multi-step process
27, 28,

 
29

, and therefore it is surprising to realize that 

this irreversibility is commonly linked to a reliance that these cancer cells have on specific 

signalling pathways for their survival. This type of dependency is frequently defined as 

―oncogene addiction‖ 
30, 31, 32

. In the literature, this term is used to describe the unexplained 

dependency or ―addiction‖ that cancer cells have on a particular signal transduction pathway for 

their survival and proliferation. The general understanding behind this phenomenon is linked to 

the fact that mutations present within specific proteins (oncogenes) act as focal points for 

pathway interplay, and in turn, form the element of ―addiction‖ that creates a self-perpetuating 



4 

 

state which drives the transformation process
30, 33

. Although this phenomenon has attracted 

considerable criticism
34
, the pattern of oncogene ―addiction‖ has been extensively studied in 

mice and human cancer cell lines, and shown to form a relevant part in the transformation of 

breast, leukemia, multiple myeloma, non-small cell lung and glial cancers
35, 36,  37, 38,

 
39

. One of 

the major signal transduction pathways forming the basis to the cancer cell ―addiction‖, is the 

PI3K pro-survival signalling pathway
40, 41,

 
42, 43

.   

 

 

 

 

Figure 1.3: The ten hallmarks of cancer. Miscommunication between the various intracellular 
signal transduction pathways leads to the ten hallmarks of cancer, such as 
uncontrolled growth, resistance to cell death, highlighted in the figure. Figure 
adapted from Hanahan26.  
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1.3 Phosphatidylinositol-3-kinase (PI3K) 

 

Phosphatidylinositol (PtdIn)-3-kinase/PI3K (initially termed, type I PtdIns kinase) was originally 

classified as a lipid kinase, based on its ability to phosphorylate the 3‘-inositol ring of membrane 

lipids in cells embedded with viral oncogenes, such as v-src or v-ros
44

. These substrates include; 

phosphotidylinositols (PtdIns); PtdIns4P, and PtdIns (4, 5) P2
45

. To date, eight distinct classes of 

mammalian PI3Ks have been isolated and identified into three unique classes on the bases of 

their sequence homology, substrate specificity and discrete regulation
46

.  Class Ι is subdivided 

into two respective groups; Class ΙA and Class ΙB (see Fig. 1.4).  Class ΙA PI3Ks are heterodimers 

consisting of a p85α adaptor/regulatory subunit and a p110α catalytic subunit, whereas Class ΙB 

PI3Ks are associated with a unique family of adaptor subunits that are distinguished from the 

Class ΙA adaptor subunits (as shown in Fig. 1.4).  Class ΙB shares over 90% sequence and 

structure homology to Class ΙA except that instead of the p110α subunit, it expresses a p101 

subunit and lacks an N-terminal p85 binding site, which makes it incapable of performing 

protein: protein interactions
47

 (see Fig. 1.4). 

 

Class ΙΙ PI3Ks are mainly involved in insulin signalling and although still a matter of debate, 

they preferentially phosphorylate PtdIns, but are also able to phosphorylate PtdIns(4)P
48

.  Little 

is known about their mode of activation and primary cellular functions, but has been suggested 

to also occur via the RTKs
49
.  Class ΙΙΙ PI3Ks are restricted in using PtdIns as their substrate.  

This class is not known to fulfil any purpose in the regulation of signalling pathways activated 

by receptor stimulation and functions primarily in membrane trafficking and vacuole sorting
50, 51

.  

Class ΙA PI3Ks are one of the most crucial regulatory proteins within a cell and therefore 

commonly gains oncogenic potential in a wide variety of cancers
52, 53

, and hence, forms the focus 

of this study. 
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Figure 1.4: The multiple isoforms of mammalian PI3-Ks divided into three classes, according to 
their structure similarities, binding specificities and mode of activation in response 
to different stimuli54. Shown in the figure are Class IA and B, Class II and Class III. See 
text for more information. 

 

1.3.1 Structure and Inter-subunit interactions of p85α and p110α. 

 

The Class IA PI3Kα isoforms are ubiquitously expressed
55, 56 

and comprise of an 85 kDa 

regulatory subunit (p85α) that is associated with a 110 kDa catalytic subunit (p110α)
57

.  The 

p85α protein contains two (N-and C-terminal) Src homology 2 (SH2) domains, two proline-

rich domains, a single SH3 domain, a breakpoint cluster region (BCR/BH) homology domain, 

and an inter-SH2 (iSH2) domain
58
.  Alternative splicing of the p85α PI3K gene (PIK3R1) 

generates three isoforms, the 85 kDa (p85α), a 55 kDa (p55α), and a 50 kDa (p50α), of which 

p85α is most ubiquitous acting as the major discriminator of various external stimuli (see 

illustration in Fig. 1.4)
59

.  The iSH2 domain, aided by the N-terminal SH2 domain, 

sufficiently binds to the adaptor-binding domain (ABD) of the p110α subunit, forming an 

irreversible linkage
60, 61

.  Additionally, the p110α subunit contains a Ras-binding domain, a 

C2 domain, followed by a helical and catalytic domain
62
.  Although p110α is renowned for its 

lipid kinase activity by catalyzing the formation of PIP3 through its substrate, PIP2, it also has 

serine/threonine protein kinase activity
63

. This serine/threonine kinase activity can lead to 
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autophosphorylation and phosphorylation of p85α, resulting in the overall inhibition of PI3K 

that is only alleviated upon its membrane translocation
64

. 

 

The strong dependency p110α has for p85α, is both beneficial and unfavourable, in that, p85α 

inhibits its lipid kinase activity, while offering stability.  This paradoxical relationship was 

confirmed through in vivo experiments demonstrating that p85α/p110α dimerization resulted 

in an instant 80% reduction in its catalytic activity
65
.  Monomeric p110α is also considered 

unstable at body temperature (37 ˚C), and it is therefore the balance between p85α mediated 

inhibition and stabilization that determines the overall PI3K activation status
66

.  In contrast, 

others have shown that normal cells possess copious amounts of monomeric p85α
67

, and 

compete with the p85α/p110α heterodimer for binding to tyrosine phosphorylated residues on 

activated receptors, thus acting as an antagonist for PI3K activity
68

.  This theory is known as 

the ‗free p85‘ hypothesis, with evidence showing that both monomeric p85α and p110α are 

unstable, and loss in p110α concomitantly reduces p85α expression
68

.   

 

1.3.2 PI3K activation 

 

The mutual inhibitory relationship between the p85α (through the N-terminal and 

iSH2/p85ni), and the p110α (through serine/threonine p85α phosphorylation) subunits
69

, is 

abrogated by favourable conformational changes that take place upon the p85α SH2 domain 

binding to membrane proteins comprising of intrinsic phosphorylated tyrosine residues
70

. This 

activates the lipid kinase activity of p110α without diminished p85α association
71

.  As a 

result, the p110α catalytic subunit is in proximity with its membrane bedded lipid substrates 

(predominantly PtdIns (4,5) P2) or PIP2. At the membrane, p110α catalyzes the transfer of the 

γ-phosphate group of adenosine triphosphate (ATP) to the 3‘ position of the PIP2 inositol 

ring, giving rise to the primary secondary messenger, PtdIns (3,4,5) P3 or PIP3 (as depicted in 

Fig. 1.5)
72, 73

.  PIP3 transmits the incoming signal through the activation of various PI3K 

effector molecules; such as the integrin linked kinase (ILK), and the phosphoinositide-

dependent protein kinase 1 (PDK1)
 74, 75

. This ultimately leads to protein kinase B (PKB)/Akt 

activation, which is pertinent for the induction of cell survival and proliferation
76, 77

. 
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Figure 1.5: p110α-mediated conversion of PIP2 to PIP3 important for the downstream 
activation of growth and proliferation. Adapted from Sansel and Sellers78. 

 

1.3.2.1 Stimuli from Cell-Cell Adhesion 

 

The cadherins mediate Ca
2+

-dependant homophilic cell-cell (C-C) adhesion in a zipper-like 

fashion associated with the adherens junction
79, 80

.  The cadherins are further divided into 

four subfamilies consisting of: (1) the classical cadherins; (2) desmosomal cadherins; (3) 

proto-cadherins and (4) cadherin-related proteins, of which the classical cadherins are most 

prominent
81

.  The classical cadherins contain four members, all of which are structurally 

similar and are intimately linked by their cytoplasmic domain to the actin cytoskeleton of 

neighbouring cells through their direct interaction with α-, β- and - catenins, vinculin and 

α-actinin
82

.  The cadherins are named according to the tissues in which they are 

predominantly found. These are the E-cadherins (found in epithelia), N-cadherins (found in 

neurons), P-cadherins (found in placenta) and VE-cadherins (found in endothelial cells)
 81, 

82
. E-cadherin is the best characterized and relevant to the activation of the Class IA PI3K

83, 

84
. 

 

During embryonic development and tissue repair, the expression of E-cadherin is relatively 

low
85, 86

, to enable the movement of epithelial cells to their specified organs or for wound 

healing.  In either process, cells need to lose their polarity and C-C adhesion and adopt 

what is called a mesenchymal (migratory) phenotype
87

. The overall process is formally 

known as the epithelial-to-mesenchymal transition/EMT
88

.  Notably, this feature is 

generally associated with the invasion of epithelial cancer cells possessing a decreased E-

cadherin expression
89, 90

.   
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E-cadherin activates PI3K by two distinct mechanisms. Firstly, the ligation of E-cadherin 

molecules between neighbouring epithelial cells, recruits the c-src adaptor protein to the 

plasma membrane E-cadherin adhesion complex (E-cadherin, - and -catenins). As the 

cytoplasmic tail of E-cadherin does not contain any catalytic activity
91, 92

, the presence of 

c-src concomitantly leads to the membrane recruitment of PI3K to the E-cadherin adhesion 

complex
93, 94

 (as shown in Fig. 1.6). It is unknown whether PI3K interacts directly with E-

cadherin or via c-src. Irrespective of the mechanism used for the membrane recruitment of 

PI3K through E-cadherin, this recruitment still results in the production of PIP3 through 

PI3K activation (see demonstration in Fig. 1.6). Co-immunoprecipitation experiments have 

verified the association between PI3K and E-cadherin at sites of C-C adhesion, as well as 

the co-accumulation of E-cadherin and phosphoinositides
95

. Furthermore, research also 

demonstrates that PI3K promotes the assembly and integrity of the E-cadherin adhesion 

complex, and as such, through its p85α regulatory subunit, plays a role in cellular 

differentiation
96, 97, 98,

 
99, 100

. Secondly, E-cadherin incidentally activates PI3K through its 

direct activation of EGFR, prompting ligand-independent activation of EGFR
101, 102, 103

. 

Additionally, recent evidence has shown that E-cadherin also up-regulates the transcription 

of EGFR, shown in head and neck cancer specifically
104

.     
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Figure 1.6: Cell adhesion mediated activation of PI3K. Cell-cell adhesion through the E-
cadherin adhesion complex (E-cadherin/α/β-catenin/γ-vinculin) (1) leads to the 
membrane recruitment of c-src (2) which is proposed to be essential for the 
membrane recruitment of PI3K (3), leading to the production of PIP3 at the 
membrane (4). Figure generated using Pathway Builder Tool.2.0. 

 

 

 

 

 

 

1) 
2) 

3) 4) 
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1.3.2.2 Stimuli from Cell-ECM Adhesion 

 

During the EMT process described, cells need to migrate whilst maintaining an interaction 

with their ECM
105, 106

. This is achieved by the heterodimeric cell surface receptors called 

the integrins
107

. Integrins are CAMs made up of two non-covalent glycoprotein type-I 

transmembrane α and β subunits
108
. These CAMs are linked by their cytoplasmic β tail to 

the actin cytoskeleton through adaptor (i.e. Grb2, ILK) and anchor proteins (i.e. α-actinin 

and filament) that provide the essential cell-extracellular matrix (C-ECM) linkages, 

enabling cells to migrate across the ECM, and in the case of cancer cells, to invade
109, 110

.  

Each cell expresses unique subtypes of integrins on their surfaces that are categorized by 

distinct α and β subunit associations, which bind to different ECM protein components, 

leading to their subsequent activation
108,111, 112

. These associations include the α5β1 and 

αvβ3 integrin that specifically binds fibronectin
113
, the α2β1 integrin that binds fibrillar 

collagen
114
, and α6β4 integrin binds laminin

115
.   

 

In addition to regulating migration, integrin clustering also positively influences cell 

growth, proliferation, survival, and differentiation by actively engaging in intracellular 

signalling cascades
116,  117, 118

.  The integrins do not contain any enzymatic activity 

themselves, but instead, trigger the activation of downstream signalling molecules like the 

focal adhesion kinase (FAK)
119

, paxillin
120

, and ILK
121

. Integrin clustering triggers the 

α5β1 subunit-dependent autophosphorylation of FAK at Tyr397, creating a binding site for 

c-src, subsequently leading to the activation of the PI3K
122,  123

 (see diagrammatic 

representation in Fig. 1.7).  The signalling roles of the integrins was substantiated in the 

formation of lamellae (which are dynamic sites of motility in invasive carcinoma cells), 

through the α6β4 integrin mediated activation of PI3K
124

.   
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Figure 1.7: Integrin mediated activation of PI3K. The α5β1 integrin becomes activated by 
binding to its substrate, fibronectin resulting in its activation that induces the 
Tyr397 phosphorylation and activation of FAK (1), which creates a binding site for c-
src (2) which leads to the membrane recruitment of PI3K (3) and subsequently its 
activation (4). Diagram created using the Pathway Builder Tool 2.0.  

 

Furthermore, the role of the integrins in cancer is commonly linked to its downstream 

activation of PI3K through FAK
125, 126,

 
127

 as illustrated in Fig. 1.8. In addition to this 

mechanism, coupled activation of the RTKs via the integrins can also activate PI3K, termed 

―inside-out‖ signalling
128, 129

 (see Fig. 1.8). It is well defined that RTK-dependent signalling is 

reliant upon the simultaneous activation of the integrins for effective signal propagation
130, 131,

 

132
. Following C-ECM interactions, which lead to the membrane recruitment of the c-src and 

p130 adaptor proteins, trigger the Tyr416, Tyr845, Tyr1068, and Tyr1173 phosphorylation 

and activation of EGFR in an EGF-independent manner
133
. Specifically, the α5β1 

integrin/EGFR interaction was shown to contribute to the invasive potential of prostate cancer 

cells
134

 (see Fig. 1.8).  
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Figure 1.8: PI3K activation through crosstalk between the integrins and EGFR. The α5β1 
integrin forms a complex with the EGFR that leads to p85 membrane recruitment 
and cross-activation through ErbB3, resulting in PI3K activation. Figure adapted 
from Souny, et al.133   

 

1.3.2.3 Receptor Tyrosine Kinases 

 

The epidermal growth factor receptor (EGFR) is one of the major ubiquitous receptor 

tyrosine kinases belonging to the ErbB family comprising of four members; EGFR (also 

known as ErbB1/HER1), ErbB2 (also known as Neu/HER2), ErbB3/HER3, and 

ErbB4/HER4 (see Fig. 1.9 for visualization)
135, 136

. Members of the EGFR family are often 

(43-89%) expressed as oncogenes in various cancers, especially in breast and oesophageal 

cancer
137, 138,

 
139, 140

.  Currently, six known ligands bind to and activate the EGFR; the 

transforming growth factor-α (TGF-α), epidermal growth factor (EGF), amphiregulin 

(AR), heparin-binding EGF-like growth factor (HB-EGF), betacellulin (BTC), and 

epiregulin (EPR)
 141

. These ligands do not appear to bind to the ErbB2, as its direct ligands 

remains to be determined, and instead acts as a co-receptor (see Fig. 1.9)
142, 143

.  In addition 

to the ligand-induced ErbB receptor activation, they can also be activated in the absence of 

ligands
144

, such as osmotic stress caused by ultraviolet (UV) radiation exposure or any 

other toxin and carcinogen
145, 146, 147

.   

 

Ligand binding to the N-terminal cysteine-rich ErbB receptor extracellular domain induces 

receptor homo-and heterodimerization, and subsequent autophosphorylation of specific 

tyrosine residues on its cytoplasmic tail (highlighted in Fig. 1.9)
148

.  These phosphorylation 
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residues serve as docking sites for adaptor and kinase proteins in possession of Src 

homology 2 (SH2) and phosphotyrosine binding (PH) domains
149

. Phosphorylation of 

Tyr1086 and Tyr1068 residues on the EGFR have been shown to be specific for the 

binding of the Gab1 adaptor protein
150

. The activation of Gab1 serves as a docking site for 

the distinct membrane recruitment and activation of the p85α regulatory subunit of PI3K 

(shown in Fig. 1.9)
151

. The biochemical signal specificity and duration thereof are reliant 

upon ligand bivalency and their respective binding to low or high affinity ErbB receptors 

152, 153, 154
.  Low affinity receptors constitute the majority (90%) of the receptor pool, while 

high-affinity receptors make up the residual
155

. One of the major differences between these 

types of receptors lies in their particular ligand affinities
156

. It has long been thought that 

the small group of high-affinity receptors were the major contributors to cell fate
155

. 

However, recent evidence suggests that low concentrations of EGF (<2 nM) are specific 

for the activation of the PI3K pathway via the low-affinity receptors, whereas the STAT 

pathway is predominantly stimulated at higher EGF concentrations
157

. Although less 

frequently, PI3K can also be activated by the platelet-derived growth factor (PDGF) in 

specific cell types and shown to be primarily induced during cell migration
158, 159,

 
160

.  

 

 

Figure 1.9: Summary of the ErbB family of receptors, their respective ligands and specific 
signal transduction pathways they activate161.  
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1.4 The PI3K pathway - navigating downstream. 

In quiescent cells, PI3K is found in the cytosol, where upon activation by one of the mechanisms 

described above, results in its plasma membrane recruitment where it converts PIP2 into PIP3. It 

is well recognized that the localization, conformation and activity of kinases is significantly 

affected upon binding to membrane phospholipids
162, 163, 164

. Thus, accumulation of PIP3 at these 

PI3K activation sites, is responsible for the membrane recruitment of numerous kinases that 

harbour PH-domains that enables them to efficiently bind to PIP3, resulting in their consequent 

activation
165, 166,

 
167

. Although many kinases are triggered as a consequence, recent evidence 

highlights that the major intracellular responses controlled by PI3K activation are through the 

protein serine/threonine kinase protein kinase B/PKB (commonly referred to as Akt)
168

, and 

hence was included in the focus of this study.  

 

1.4.1 Major PI3K effector protein: PKB 

 

PKB is a cellular homologue of the murine transforming retrovirus oncoprotein, v-Akt, and 

hence its alternative name; Akt
169

. In mammalian cells, PKB has three closely related 

isoforms; Akt1/PKBα, Akt2/PKBβ, and Akt3/PKBγ, all of which comprise a N-terminal PH-

domain, central kinase domain, and a carboxyl/C-terminal domain that contains the 

hydrophobic motif (HM)
170, 171, 172

. It is due to the high sequence homology within the kinase 

domain and HM of PKB that it is characterized as an AGC kinase, similar to protein kinase A 

(PKA), protein kinase C (PKC), p70 ribosomal S6 kinase (S6K1), and serum-and 

glucocorticoid-inducible kinase (SGK)
173, 174

. Of interest, studies on mice lacking either one 

of the PKB isoforms demonstrated that Akt1/PKBα plays a fundamental role in 

embryogenesis, cell growth and proliferation, whereas the function of Akt2/ PKBβ and Akt3/ 

PKBγ is directed to glucose metabolism
175, 176

.  

 

1.4.1.1 Activation of PKBα (PKB) 

 

Inactive PKB is largely localized in the cytoplasm, whereby its activation is stimulated by 

membrane translocation and PH-domain-PIP3 interactions
177

 (outlined above). The 

membrane and PH-domain associations formed, induce favourable conformational changes 

within PKB that set the scene for its consequent activation
178

 (see representation in Fig. 

1.10). Several studies reveal that its full activation requires an additional two steps
179, 180

. 

First, the Thr308 residue in the activation loop of PKB is phosphorylated by the PIP3-
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dependent PDK1 that induces a conformational change within PKB
181

, resulting in its 

partial activation and membrane detachment through its PH-domain (see Fig. 1.10). This 

―semi-active‖ PKB is then phosphorylated on its Ser473 residue within the hydrophobic 

motif by the ―Ser473 kinase‖, resulting in its full activation
182
. The role of the ―Ser473‖ 

kinase has been given to several candidates including the DNA-dependent protein kinase 

(DNA-PK)
183, 184

 and ILK
185

. Recently however, the mTOR complex 2 (mTORC2) is 

widely accepted as the ―Ser473 kinase‖ required for PKB full activation
186, 187, 188,189, 190, 191

 

(shown in Fig. 1.10) . Active PKB translocates to the cytoplasm and nucleus where it is in 

proximity to its substrates in order to affect cell survival and proliferation. 

 

 

 

Figure 1.10: Model for PKB activation. Briefly, when PKB is localized within the cytoplasm it is 
inactive (A). However upon PI3K-dependent production of PIP3, PKB is recruited to 
the plasma membrane where its PH domain interacts with PIP3 (B). Upon 
membrane binding, PDK1 mediates the Thr308 phosphorylation of PKB that 
induces a conformational change, essential for its cytoplasmic relocation (C) and 
mTORC2-mediated Ser473 phosphorylation leading to its full activation (D). See 
text for more details. Figure adapted from Ananthanarayanan, et al.182 
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1.4.1.2 Major PI3K and PKB-mediated cellular effects. 

 

Studies focusing on the gene encoding the p110α isoform, known as PIK3CA
192

, showed 

that mice carrying a deleted form of this gene (PI3CA
del/del 

embryos) survived to embryonic 

day (ED) 8.5 with great difficulty, progressively dying at ED 9.5, and eventually dead on 

ED 10.5
193

.  No increase in apoptosis was observed in any of these embryos, suggesting 

that apoptosis was not responsible for the death observed. These studies underpinned the 

significant role played by PI3K in tissue development and cellular proliferation. Activation 

of PKB through PI3K modulates a myriad of substrates through phosphorylation of 

specific residues that eventually affect cell growth, metabolism, proliferation, angiogenesis 

and survival (depicted in Fig. 1.11).  

 

 

Figure 1.11: The many intracellular targets of the PI3K pathway through PKB. It is clear 
from the diagram above that the PI3K-dependent activation of PKB (Akt) 
results in the specific phosphorylation of numerous downstream target 
proteins involved in cell survival and apoptosis, cell proliferation, invasion, 
and angiogenesis that result in their respective activation or inhibition194. 

 

As highlighted in Fig.1.11, PKB phosphorylates an array of proteins that play a 

fundamental role in growth, metabolism and proliferation. Most notably are; glycogen-3-

kinase (GSK3), mammalian target of rapamycin (mTOR), the insulin receptor substrate-1 

(IRS-1), Bad, and the forkhead transcription factors (FKHR)
194

. One of the well-
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recognized targets of PKB that regulates cellular growth, proliferation, metabolism and 

apoptosis is the glycogen synthase kinase (GSK3)
195, 196,

 
197

. GSK3 has two distinct 

isoforms; the α and the β isoforms. Deletion of the β isoform in mice demonstrated 

complete embryonic lethality
198
, whereas GSK3α knock-out mice were viable

199
. PKB 

phosphorylates GSK3α at Ser21, and GSK3β at Ser9, both of which, lead to the significant 

reduction in their cellular activity
200
. GSK3β is a major component of the canonical Wnt 

pro-survival signalling pathway
201

, and therefore represents the best example of its cellular 

function. In quiescent cells, GSK3β is active, and through its association with adenomatous 

polyposis coli (APC), Axin and protein phosphatase 2A (PP2A), it promotes the 

degradation of β-catenin (see demonstration in Fig. 1.12). In so doing, it abrogates the 

transcriptional activities of β-catenin, which are enhanced by its nuclear association to the 

LEF (lymphoid enhancerfactor)/TCF (T-cell factor) transcription factors, which would 

otherwise up-regulate the expression of growth and cell proliferation by promoting genes 

such as c-myc, and c-jun
202, 203

 (as highlighted in Fig. 1.12). Therefore, through PKB, PI3K 

augments cell growth and proliferation by stimulating the up-regulation of these growth 

promoting genes through inhibition of GSK3β. 

 

1.5 Termination of PI3K signalling. 

 

It is clear from the above, that the synthesis of PIP3 by PI3K is the key step leading to the 

downstream activation of cell survival and proliferation. Once synthesized, PIP3 is rapidly 

converted back to PIP2 by the removal of the phosphate group from position 3. This removal is 

catalysed by the lipid phosphatase and tumour suppressor PTEN (phosphatase and Tensin 

homolog deleted on chromosome 10)
204

 (illustrated in Fig. 1.13). Hence, lost expression of PIP3 

at the membrane will prevent the membrane translocation and activation of PDK1 and PKB, 

terminating signalling through the PI3K/PKB pathway. As its name suggests, PTEN was 

originally identified as a candidate tumour suppressor gene mutatated in brain, breast and 

prostate cancers mapped to a frequent loss of heterozygosity (LOH) on the 10q23 

chromosome
205, 206

. Since then, accumulating evidence has demonstrated that the tumour 

suppressive capability of PTEN is reliant on its ability to generate PIP2 from PIP3
207, 208

.  
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Figure 1.12: PI3K/PKB mediated activation of cell growth and proliferation through 
GSK3β regulation. As described within the text, although GSK3β plays an 
active role in the Wnt signalling pathway, PKB inhibits GSK3β by phos-
phorylating its Ser9 residue. This results in the up-regulation of growth 
promoting genes (c-myc, c-jun) through the β-catenin/LEF-1/TCF nuclear 
complex. Figure generated using Pathway Builder Tool.2.0. 

 

 

PTEN is the major PIP3-dephosphorylating enzyme, and thus inhibitor for the PI3K/PKB 

pathway
209, 210

. However, under conditions where PTEN is inactive or absent, PIP3 can also be 

dephosphorylated by the phosphoinositide phosphatase, SHIP2 (SH2-containing inositide 5‘-

phosphate)
211, 212, 213

. While PTEN targets the 3‘ phosphatase group of PIP3, SHIP2 primarily 

targets the 5‘ position of the inositol ring (shown in Fig. 1.13). Furthermore, it has become 

known that type I and II inositolpolyphosphate 4-phosphatases (INPP4A and INPP4B) are also 

able to dephosphorylate PIP3, but specifically at the 4‘ position of the inositol ring
214, 215

 (see 

Fig. 1.13). Alternatively, PIP3 can contribute to attenuated PI3K activation, by masking its SH2 

domain that is essential for binding to the tyrosine phosphorylation residues on the EGFR
216

. 

Further, binding to the EGFR can be also be abrogated by the PI3K Interacting Protein 1 

(PIK3IP1)
217

, that mimics the iSH2 domain of p85α and binds to the p110α subunit. 
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Figure 1.13: Various mechanisms for the dephosphorylation of PIP3. Figure adapted from 
Leslie, et al.218 See text for details. 

 

Although these phosphatases lead to termination of PI3K signalling, and indirectly PKB activity, 

this pathway can also be inactivated via mechanisms downstream of PI3K. The Ser473 

activation and phosphorylation site of PKB is subject to dephosphorylation, and thus 

inactivation, by at least four enzymes (see summary in Fig. 1.14). These are; the rictor/mTORC1 

complex
219

, the protein phosphatase2A (PP2A)
220

, the carboxyl-terminal modulator protein 

(CTMP)
221

, and PH domain leucine-rich repeat protein phosphase (PHLPP)
222

. 

 

Figure 1.14: Termination of the PI3K/PKB signalling pathway through PKB inactivation. 
mTORC1, CTMP, PP2A and PHLPP are able to dephosphorylate the Ser473 residue 
of PKB. 
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1.6 Deregulation of PI3K pathway in cancer. 

To date, the PI3K/PKB pathway is frequently found aberrant in cancer
223, 224

. There are two 

widely accepted mechanisms that lead to the constitutive activation of this pathway in cancer, i) 

mutations within EGFR and ii) mutations within the major components of the PI3K/PKB 

pathway (shown in Fig. 1.15) 
225, 226,

 
227

.  

 

1.6.1 The influence of the EGFR  

 

Since it is the membrane localization of PI3K that sets the scene for its activation and PIP3 

production
228

, the relentless membrane presence of PI3K is commonly allied to EGFR 

deregulation (see Fig. 1.15). The EGFR can be deregulated by multiple mechanisms that 

include its overexpression, activating mutations within its kinase and extracellular domains, 

stimulation of autocrine growth factor loops, augmented receptor dimerization, and 

accelerated receptor endocytosis and turnover
229, 230, 231

. Of these, EGFR overexpression and 

amplification are most frequently implicated in the initiation and progression of over 50% of 

epithelial cancers such as breast
232

, colon
233

, and cervix
234

. Essentially, and as highlighted in 

Fig. 1.15, the overexpression and/or mutated status of EGFR in cells will create an 

environment conducive for constitutive activation of the PI3K/PKB pathway, whereas normal 

cells still rely on external stimuli for this activation
235, 236

. 

 

1.6.2 Genetic variations in the PI3K pathway.  

 

There are a number of genetic perturbations within PI3K, PKB, and PTEN that contribute to 

the initiation and maintenance of transformation in various tumours (see Table 1.1). Most 

commonly involved are oncogenic mutants within the gene coding for the p110α catalytic 

subunit (PIK3CA)
237

.  Expression of p110α mutants uncontrollably activate the PI3K/PKB 

pro-survival pathway, which has been observed in gastric adenocarcinoma
238

, breast and 

ovarian cancer
239, 240

, human mammary epithelial cells
241

, head and neck squamous cell 

carcinoma
242

, and cervical cancer
243

 (see Fig. 1.15 and Table 1.1). Importantly, three 

―hotspot‖ mutations exist within the PIK3CA (E542K, E545K and H1047R) in over 80% of 

these susceptible cancers (Table 1.1). These mutations, in turn, elicit constitutive activation of 

PI3K by inducing augmented membrane affinity and growth factor-independent activation 

(see Fig. 1.15). In addition to these mutations, PIK3CA is reportedly amplified in certain 

cancers (see Table 1.1). 
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Figure 1.15: Common activation mechanisms for the PI3K/PKB pathway in cancer. Showing 
the contrast between normal cells and cancer cells with respect to controlled 
(normal cells) and aberrant (cancer cells) activation of the PI3K/PKB pathway. 
Figure generated using Pathway Builder Tool. 2.0. 
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Table 1.1:Recent results demonstrating the frequency of genetic variations within the PI3K/PKB 

pathway found in different tumour types. Table modified from Markman, et al.244  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Generic Variation Tumour Type Frequency (%) 

PIK3CA mutations Breast 21-40 
 Colorectal 13-32 
 Glioblastoma 5-8 
 Endometrial 24-32 
 Hepatocellular 6-36 
PIK3CA amplification Cervix 69 
 Gastric 36 
 Lung (squamous) 60 
 Head & Neck (H&N) 37 
 Ovary 25 
p85α mutation Colorectal <5 
 Ovary <5 
PKB amplification H&N 30 
 Gastric 20 
 Pancreas 20 
 Ovary 12 
PKB1 mutation Breast 1.8-8 
 Colorectal 6 
 Ovary 2 
PTEN mutation Glioblastoma 17-44 
 Endometrial 36-50 
 Colorectal 7 
 Prostate 12 
 Breast 0-4 
 Melanoma 7 
PTEN LOH Glioblastoma 54-74 
 Endometrial 32-83 
 Gastric 47 
 Prostate 29 
 Breast 39 
 Melanoma 44-37 
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Although less common, the p85α regulatory subunit (transcribed by PIK3R1) has likewise 

been observed as an oncogene in human ovarian and colon cancers
245

 (see Table 1.1). This 

mutation is considered less potent than those in PIK3CA, as they necessarily require EGFR-

mediated activation of PI3K
246

.  

 

Since its initial detection in gastric carcinoma
247

, PKB is recurrently found amplified in a 

large variety of tumours
248

 (see Table 1.1). Recently, a single somatic activating mutation 

within the PH domain (G49A/E17K) has been identified in a subset of breast
249

, lung
250

, 

ovarian and bladder cancers
251

. The characteristic of this Lys17 mutation modifies the 

electrostatic interactions that PKB has for the plasma membrane by the formation of new 

hydrogen bonds with membrane phospholipids (see Fig. 1.15)
252, 253

. This results in the 

membrane recruitment of PKB despite the absence of active PI3K and has been verified 

through in vitro and in vivo studies
254, 255

. 

 

However, not all perturbations within the PI3K/PKB pathway are attributable to these 

activating mutations. Inactivation of PTEN is highly associated with the advanced stages of 

metastasis in cancers either through mutations or epigenetic mechanisms
78

. These inactivating 

mutations are primarily confined to its phosphatase domain as shown in non-small lung cell 

cancer
256

 and certain colorectal cancers
257

, causing diminished antagonistic activity towards 

the PI3K/PKB pathway (see illustration in Fig. 1.15). Moreover, complete loss of PTEN 

expression has been found in cancers, especially prevalent in prostate cancer
258

. Of note, 

mutations within PTEN are not commonly found, but instead the PTEN gene loci in cancer 

frequently display LOH, that generates a less functional and active PTEN (see Table 1.1)
259, 

260, 261
. The attenuated PTEN activity leads to constitutive activation of the PI3K/PKB 

pathway through up-regulated PIP3 levels (see Fig. 1.15)
262

.  

 

1.7 Human Oesophageal Squamous Cell Carcinoma - The model 

 

Human Oesophageal squamous cell carcinoma (HOSCC) is a malignancy of the oesophagus and 

has been ranked as the ninth most frequent cancer to occur worldwide and fifth common cancer 

in developing countries
263, 264

.  It is one of the most widespread diseases with a variable global 

distribution; but areas of exceptional incidence and relevance to this study is in South Africa
265, 

266
. On both an international and national scale, HOSCC is recognized as a highly aggressive 
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(metastatic) and drug resistant disease with a five-year survival in patients undergoing 

chemotherapy
267,268,269, 270,

 
271

. The fate of patients with this disease is greatly dependent upon 

coupled environmental and genetic factors over a period of time
272, 273

. According to numerous 

clinical observations and pathological reports, these include excessive alcohol and tobacco 

consumption
274, 275, 276

, drinking large amounts of hot beverages (tea and coffee)
277

, poor oral 

health and nutrition
278

, bile reflux caused by high intake of pickled vegetables or spicy food
279, 

280
, exposure to N-nitroso compounds (from multiple sources)

281
, mycotoxins (fumonisins) and 

human papillomavirus (HPV)
282

. Recurrent exposure of these factors has adverse effects on the 

stratified squamous epithelial lining of the oesophagus, predisposing them to cancer of the 

oesophagus. Hot beverages induce thermal injury to the peripheral oesophageal keratinocytes, 

bile acids have been shown to disrupt the cell membranes
283

, whereas the infectious and more 

toxic factors cause direct toxic acinar cell necrosis
284

. These toxic effects cause an increase in the 

rate of cell proliferation in the intermediate layers of the oesophageal epithelium that eventually 

lead to cellular invasion. Characteristic of HOSCC invasion is the breakdown of the oesophageal 

wall into adjacent structures, and commonly metastatic to the lymph nodes
285

. As a result, 

tumours are graded according to their invasive or keratinizing capability. Poorly differentiated 

tumours are thought to possess distinguishable keratinizing potential, whereas well differentiated 

tumours display an overwhelming keratinization and have lost all their squamous epithelial 

phenotype
286

. Certain tumours are hard to categorize as they display keratinizing potential 

similar to well- and poorly differentiated tumours, and are thus classified as moderately 

differentiated
287

. 

 

Research has likened the initiation and progression of HOSCC to the presence of p53 mutations, 

EGFR overexpression and/or amplification, Cyclin D1 and COX-2 overexpression, elevated 

nuclear β-catenin levels, c-myc amplification, and high (metalloproteinase) MMP expression
288, 

289, 290, 291, 292, 293, 294
. Irrespective of these molecular signatures for HOSCC, much remains to be 

determined regarding the specific molecular mechanisms that govern and/or contribute to such 

transformation. It is pertinent to note that oesophageal cancer does not feature in reports 

regarding ―oncogene addiction‖. Considering the vast number of aetiological factors, and the 

highly metastatic and drug resistant nature of this disease
267

, it becomes increasingly important 

to gain a firm understanding of the cellular mechanisms involved in the maintenance of the 

transformed state of HOSCC. This knowledge will, in turn, bear direct relationship to the 

discovery and design of better diagnostic and therapeutic tools.  
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1.8 Gaps in the characterization of HOSCC: a role for PI3K? 

 

As mentioned above, the dominant transforming event in most cancers of epithelial origin, like 

HOSCC appears to include constitutive activation of PI3K. Hence, the large gaps in our 

understanding of the molecular mechanisms ascribed to the transformation of HOSCC have 

sparked an interest in exploring the role of the PI3K/PKB pathway in this disease. Of interest, 

the PI3K/PKB pathway has been shown to contribute to resistance of chemotherapy observed in 

a subset of HOSCC patients
295, 296

, further substantiating the need to characterize its contribution 

to HOSCC transformation.  

 

Moreover, certain of the aetiological causes of HOSCC described have been shown to transform 

cells by specifically targeting the PI3K/PKB pathway through various mechanisms. As an 

example, the mycotoxin found in maize, FB1 was found to induce PKB overexpression in 

hepatocarcinoma cells
297

. Likewise, nitrosamines found in tobacco were shown to transform 

bronchial
298

 and normal and transformed human airway epithelial cells
299

 by activating the 

PI3K/PKB pathway. Importantly, and as highlighted above, EGFR is able to activate an array of 

downstream signalling pathways, one of which is the PI3K/PKB pathway. On this basis, the 

specific pathways stimulated by EGFR overexpression in numerous cancers appear to be 

somewhat cell-type specific and as a result, the molecular tools utilized by EGFR overexpression 

is rather controversial
300, 301

. Hence, a better understanding of the downstream effects elicited by 

the EGFR overexpression status is also crucial for better therapeutic targeting of HOSCC. In 

addition, the factors that regulate the propensity for HOSCC to accumulate nuclear β-catenin 

levels are cryptic. The above leaves little doubt that in-depth investigation of the specific 

signalling character of the PI3K/PKB pathway will ultimately benefit therapeutic strategies for 

HOSCC in particular, and squamous cell carcinoma in general. 
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1.9Aims 

 

Although the basics of the PI3K/PKB pathway are understood, there are differences across 

various tissues and tumours. With oesophageal carcinoma representing a disease of both local 

and international importance, its status in respect of this pathway would undoubtedly augment 

the understanding of cellular signalling in general and PI3K/PKB in particular.  Of critical value 

to this vision is the lineage of moderately differentiated WHCO and SNO HOSCC series of cell 

lines and thus the focus became to: 

 

I. Explore the functional status of the PI3K pathway in HOSCC by assessing its cellular 

distribution and activation in order to establish the foreground for further analysis. 

II. Determine the growth factor based activation of PI3K. 

III. Establish which signalling intermediates have an impact on the PI3K/PKB pathway in 

HOSCC. 

IV. Compare the intermediates arising out of the analyses in III with their role in the 

PI3K/PKB pathway in known tumour cell lineages. 

V. Examine the relationship of the PI3K/PKB pathway may have with related cellular 

signalling pathways of significance. 
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Chapter 2 
The PI3K pathway is active in HOSCC 

cells 

 

2.1 Introduction 

Mammalian Class 1A PI3K are ubiquitous lipid and tyrosine kinases that comprise of a p85α 

regulatory subunit and a p110α catalytic subunit
57
. Prototypical p85α protein contains a single 

SH3 domain, two (N-and C-terminal) Src homology 2 (SH2) domains separated by an inter-SH2 

(iSH2) domain, and a Breakpoint Cluster Region (BCR) homology domain flanked by two 

proline-rich domains (see demonstration in Fig. 2.1)
58

.  The iSH2 domain aided by the N-

terminal SH2 domain, sufficiently binds to the adaptor-binding domain (ABD) or p85α-binding 

domain of the p110α subunit, forming an irreversible linkage between the p85α and p110α 

subunits as illustrated in Fig. 2.1
60, 61

.   

 

 

 

 

Figure 2. 1: Domain structure of the p85α regulatory and p110α catalytic subunit of class 1A 
PI3K, demonstrating the essential associations between the two subunits302.  

 
 
 

In quiescent or unstimulated epithelial cells, PI3K is primarily localized within the cytoplasm
303, 

304
. However, upon receptor tyrosine (RTK) activation, PI3K translocates to the membrane to be 

in proximity of its substrate, phosphatidylinositol 4,5-bisphosphate (PIP2) where it catalyzes the 
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phosphorylation of its position 3‘ phosphoinositide ring, generating the secondary messenger, 

phosphatidylinositol 3,4,5-triphosphate (PIP3)
72, 73,

 
305

 (see demonstration in Fig. 2.2). PIP3 

concomitantly results in the membrane recruitment and activation of various PH domain-

harbouring proteins, such as phosphoinositide-dependent kinase-1 (PDK1) and  protein kinase B 

(PKB), that are central for the mediation of PI3K signal propagation
 74, 165, 306

 (see Fig. 2.2). PKB 

is a major effector of PI3K signalling
307

, that is activated at the membrane by phosphorylation of 

two key residues, Thr308 mediated by PDK1
308

, and Ser473 through the mTORC2 complex 

(mTORC2) (see Fig. 2.2 for an illustration)
189

. One of the mechanisms used to impact cell 

survival and proliferation is created through the phosphorylation of several PKB downstream 

kinases, for example GSK3β, MDM2 and various others, which result in their inhibition, 

enabling the effective transmission of PI3K signalling
309

. The activity of PI3K and its 

downstream effectors are terminated by dephosphosphorylation of PIP3 mediated by PTEN 

(phosphatase and tensin homolog deleted on chromosome 10)
204

, summary shown in Fig. 2.2.  

 

Since it is the membrane localization of PI3K that is imperative for its activation
228

, it is not 

surprising that transformed epithelial cells are inclined to develop a membrane-bound PI3K that 

results in its constitutive activation
310, 311, 312

. In resting conditions, the cytoplasmic localization 

of inactive PI3K, is for the most part, maintained by the mutual inhibitory and obligate 

association that exists between the p85α regulatory and the p110α catalytic subunits that are only 

alleviated upon it‘s binding to activated membrane RTKs as depicted in Fig. 2.2
 313, 

 
314

. Once 

associated with the RTKs, the lipid kinase activity of p110α is activated and p85α-mediated 

inhibition is prevented
315
. Monomeric p110α is unstable

71, 316
, and thus it is the balance between 

the p85α-mediated inhibition and stabilization that determines the overall activation status of 

PI3K in cells.  
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Figure 2. 2: PI3K signalling. PI3K is a central regulator of cellular survival and proliferation 
upon RTK activation that is essential for PIP3 production and the consequent 
membrane recruitment and activation of numerous PH domain-containing 
kinases, such as PDK1 and PKB illustrated. See text for a detailed description. 
Figure generated using Pathway Builder Tool. 2.0. 

 

 

The p85α protein is encoded by the PIK3R1 gene
317

 that frequently gains oncogenic potential in 

ovarian and colon cancers specifically
245, 318

. This is linked to a truncation within its nSH2 

domain. A similar truncated version of p85 (amino acids 572-724 deletion coding for the C-

terminal SH2 and iSH2 domain), referred to as p65, has been reported in murine transformed 

cells and in a Hodgkin‘s lymphoma-derived cell line (CO)
319

. As indicated in Fig. 2.1, the nSH2 

domain acts as a tethering site for p110α activation, and therefore, absence of this domain gives 

rise to uninhibited PI3K
320

.  

 

The contribution made by PI3K to the cellular differentiation state is regulated through p85α321
. 

The extent to which this occurs is attributed to the significantly increased cellular migration and 

poor differentiation in cells with elevated p85α protein levels
322, 323, 324, 325

. Based on the fact that 

others have shown a negative contribution made by p85α in the migration and differentiation 

state of cancer cells, causing these cells to adopt lower p85α protein levels to counteract such 

adverse effects
326, 327,

 
328
, makes the role played by p85α in assisting the metastatic potential of 

cells rather controversial.  
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Here we explore the involvement of the PI3K pro-survival signalling pathway in five HOSCC 

cell lines derived from moderately differentiated tumours
329

. To achieve this, it was first 

necessary to determine the expression, cellular localization and activational state of p85α. 

Pertinent to this investigation was the known PI3K (p110α/PIK3CA) mutational state in the 

breast MCF7 and colon HT29 control cell lines
330

, that were used as a measure of comparison for 

the unknown p85α status in HOSCC. In addition to the PI3K mutational state in the HT29 cell 

line, elevated levels of p85α protein were also reported
331

, and thus used as an additional control 

to which p85α expression levels in HOSCC cells can be compared. The 5 HOSCC cells were 

previously demonstrated to possess up-regulate levels of the RTK, EGFR
332

. Therefore, it was 

hypothesized that a correspondingly high level of PI3K (p85α) expression and activation may 

have an influence on the maintenance of the transformed state of this disease. 
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2.1  Materials and Methods 

 

2.2.1 Cell lines and their Culture 

 

Five South African oesophageal squamous cell lines derived from moderately differentiated 

and metastatic tumours were obtained from the Cell Biology Laboratory, School of Molecular 

and Cell Biology, University of the Witwatersrand. The cell lines are designated as the 

WHCO (Wits Human Carcinoma of the Oesophagus) series consisting of WHCO1, WHCO3, 

WHCO5 and WHCO6, and the SNO cell line
333

.  The human breast cell line, MCF7 and the 

HT29 colon control cancer cell lines were used (European Collection of Cell 

Cultures/ECACC).  The cells were cultured in a monolayer and maintained in a humidified 

incubator at 37 C in an established 5% CO2 atmosphere and supplemented with Dulbecco‘s 

Modified Eagles Medium (DMEM)/Hams F12 (3:1) complemented with 10% Foetal Calf 

Serum/FCS (Highveld Biologicals) at a pH of 7.2-7.5 (see Appendix A 1.1). 

 

Cells were harvested once reaching a confluence of 80%. This was done by an initial wash 

with phosphate buffered saline (PBS) (Appendix A 1.1.3) after the medium was appropriately 

dispensed. Cells were routinely detached by a 5 minute (min) incubation at 37 C in 2 ml of 

trypsin (GibcoBRL) and ethylenediaminetetra-acetic acid (EDTA) (see Appendix A 1.1.4). 

Thereafter, medium with 10% FCS was added to the trypsinized cells and grown as above. 

Studies were standardly performed on cultures approaching 80% confluency (5 x 10
6 
cells), as 

this is their exponential growth phase, and at this cell density no contact inhibition of growth 

is detected. 

 

2.2.2 Total RNA Extraction 

 

Total RNA was extracted from cells grown as described in 2.2.1, by adding 1 ml of the 

TRIzol® (GibcoBRL) reagent, which maintains RNA integrity while simultaneously 

disrupting cellular components. Cells were washed three times in PBS pH 7.6 (Appendix A 

1.1.3), transferred into a sterile 1.5 ml Eppendorf tube and centrifuged at 1145 X g in a HF-

120 TOMY for 3 mins to remove the excess PBS. The resultant supernatant was vortexed 

briefly after the 1 ml of the TRIzol® reagent was added. The homogenized samples were 

allowed to stand for 5 mins at room temperature (RT).  200 μl of Chloroform was added into 

the tubes, and vigorously hand-shaken for 15 seconds (secs).  The samples were then left at 
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RT for an additional 3 mins to allow phase separation and centrifuged in the Sorvall® MC 12 

V at 12 000 X g for 15 mins at -4 ºC.  The aqueous phase (containing RNA) was removed, 

and 500 μl of isopropyl alcohol was added to the aqueous phase and allowed to precipitate for 

10 min at RT. The resultant precipitate was centrifuged in the Sorvall® MC 12 V at 12 000 X 

g for 10 mins at -4 ºC, giving rise to an RNA concentrated pellet. The RNA was purified in 1 

ml of 75% ethanol and centrifuged at 7500 X g in the SORVALMC (12V) for 5 mins at RT.  

The supernatant was decanted and after air-drying, the RNA pellet was resuspended in 50 μl 

of sterile nuclease free dH2O by incubation at 60 ºC for 10 mins.  Due to RNA instability, the 

samples were immediately stored at -70 ºC.  

 

2.2.3 Amplification of p85α by Reverse Transcription Polymerase Chain Reaction  

(RT-PCR) 

 

2.2.3.1 Reverse Transcription 

It should be noted that RT-PCR is carried out in two steps, reverse transcription and 

polymerase chain reaction (PCR). This protocol was demonstrated to be the most efficient 

and sensitive in total RNA (RNA) fragment amplification
334

. 2 μl of RNA extracted from 

each cell line as described above, accompanied with 2 μl of random primers 

(oligoT/random hexamers) were incubated in an Eppendorf tube for 5 mins at 70 ºC to 

ensure that the random primers and the RNA remain unbound.  Thereafter, 5 μl of the 

Moloney Murine Leukemia Virus Reverse Transcriptase (MMLV-RT) buffer (Appendix A 

1.2.1), 0.6 μl RNasin Ribonuclease inhibitor, 2 μl dNTPs (Appendix A 1.2.2), 1 μl 

MMLV-RT (Appendix A 1.2.3) and 12.4 μl sdH2O was added to the mixture and 

incubated for 1.5 hrs at 37 ºC.  The reaction was stopped by incubating the samples for 5 

mins at 90 ºC.  The DNA was purified by vortexing for 10 secs in 50 µl of phenol: 

chloroform (25:24), 25 µl of dH2O, and centrifuged for 5 mins at RT in the SORVALMC 

(12V).  The aqueous phase (50 µl) was removed and transferred into a new sterile tube 

containing three times the measured aqueous phase volume of 100% ethanol  (150 µl), and 

10% of the total volume (20 µl) was filled with 3 M sodium acetate at pH 5.2 (Appendix A 

1.2.4).  The cDNA was allowed to precipitate overnight at -20 ºC, and centrifuged the 

following day in a Sorvall® MC 12 V at 12 000 X g for 20 mins at 4 ºC.  The supernatant 

was eliminated and the pellet (DNA) was left to air-dry before its resuspension overnight 

in 10 µl of dH2O.  The cDNA products were stored at -20 ºC.  
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2.2.3.2 PCR 

RT-PCR can be a one-step procedure; here it has been carried out separately.  The cDNA 

propagated from the reverse transcription reaction was utilized to amplify a region on the 

p85 regulatory subunit gene (PIK3R1, Accession number: NM_181523) transcribing a 

region of the nSH2 domain, which is partly responsible for its binding to the EGFR and to 

the p110α catalytic subunit (see Fig. A1, Appendix A 1.3.1).  Published primers
305

 were 

used to identify whether a truncation is present within the nSH2 domain of p85 in all the 

cell lines (HOSCC, MCF7 and HT29) (see Appendix A 1.3.1 for amplified sequence 

information and primer parameters): 

 

Forward Primer: 5‘-GCTCTCTCAAACCTCCAGCAAAA-3‘ (p85-F) 

Reverse Primer: 5‘-GAAGCCATATTTCCCATCTCGATG-3‘ (p85-R) 

 

In a 50 μl PCR tube, 1 l of template (cDNA) from each cell line was added to 39 l of the 

PCR master mix, made-up of 5 μl 10X PCR buffer (Appendix A 1.3.2), 1 l dNTP 

(Appendix A 1.2.2), and 33 μl of dH2O.  Thereafter, 1 l of each primer (p85-F and 

p85-R, Inqaba Biotechnical Industries (Pty) Ltd.) at a concentration of 33.3 pmoles/l 

was added and spun briefly in HF-120 TOMY for 5 secs before adding 5 l of the Taq 

polymerase.  

 

The cDNA was amplified using the PCRSprint Thermal Cycler (Hybaid) for 30 cycles: 

initial heating at 94 °C for 45 secs, denaturing at 94 °C for 1 min, annealing at 56 °C for 1 

min, extension at 72 °C for 1 min, and a final extension at 72 °C for 10 mins with a 

holding temperature of 20 °C.  A PCR tube containing primers, Taq polymerase and PCR 

buffer, but no template cDNA served as the negative control.  The resultant PCR fragments 

were subject to sequencing at Inqaba Biotechnical Industries (Pty) Ltd. by the bi-

directional dye-terminator method under the same conditions used during the PCR 

amplification (see Appendix A 1.12 for representative sequence trace).  Standard 

procedures were performed in a laminar flow cabinet. 
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2.2.3.3 Analysis of RNA, cDNA and PCR fragments by agarose gel electrophoresis 

A 1% agarose gel was prepared for the validation of the RNA extracts, cDNA production 

and PCR fragments (see Appendix A 1.4.1). Once the gel had set, the comb was removed 

and the gel was fully submerged in the Sigma-Aldrich Electrophoresis Unit containing 1X 

TAE (Tris acetic acid EDTA) buffer (Appendix A 1.4.2) and the comb gently removed.  

Thereafter, all samples were loaded into the wells accompanied by loading buffer 

(Appendix A 1.4.3) in a 2:1 ratio. A 1 Kb DNA ladder was also loaded in a 1:1 ratio with 

loading buffer.  The gel was electrophoresed at 72 V and 400 milliamperes (mA) until the 

samples migrated half way across the gel (1 hr), and viewed on an UV transilluminator. 

 

2.2.4 Antibodies 

Rabbit polyclonal antibodies were used for the specific detection of PI3K (p85) (Upstate 

Biotechnology), c-Jun (Santa Cruz Biotechnology), and β-actin (Sigma). Rabbit monoclonal 

antibodies directed against anti-Phospho-Akt (Ser473), and anti-Phospho-GSK-3β (Ser9), 

were used to specifically detect PKB and GSK3β when phosphorylated at Ser473 and Ser9 

residues respectively (Cell Signalling Technology). PTEN were detected using the rabbit 

polyclonal anti-PTEN antibody (Cell Signalling Technology). Specific immunodection of 

immunoblot and immunoflourescent primary antibodies was done using the goat anti-rabbit 

IgG hydrogen peroxide (HRP) conjugate (Sigma), and the fluoroscine isothiocyanate (FITC)-

conjugated-goat-anti-rabbit (Chappel, USA) respectively. Note: All antibodies were diluted in 

PBS, unless otherwise stipulated. 

 

2.2.5 Whole Cell Protein Extraction 

Cells  were washed 3 times with 1 ml of PBS (4 °C), scraped off the dish into an Eppendorf 

tube and pelleted for 5 mins in the HF-120 TOMY (1200 X g). The resultant pellet was 

resuspended in 80 l single Laemmli Lysis buffer
335

 (Appendix A 1.5.1) by brief vortexing.  

Thereafter, each sample was boiled for 5 mins, and centrifuged for 20 mins at -4 C at 12500 

X g in an Eppendorf Centrifuge 5413; the subsequent extracts were stored at -20 C.  

 

2.2.6 Nuclear Extraction 

Nuclear extracts were prepared as previously described by Chartier, et al.
336

, but modified 

according to a reputable nuclear extraction protocol by Dignam, et al.
337

 Briefly, cells were 

washed 3 times at 4 °C in PBS (excluding Ca
2+

 and Mg
2+

), collected and centrifuged for 3 

mins at 1200 X g using the TOMY Capsule HF-120.  The cells were resuspended in 400 μl 
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nuclear extraction buffer (Appendix A 1.5.2) and left to swell on ice for 5 mins. Swollen cells 

were sheared by six passages through a 22 gauge needle fitted to a 30 ml plastic syringe. The 

Mg
2+

 levels were brought to an overall concentration of 5 mM, and the nuclei sedimented for 

6 mins at 400 X g at 4 C in the Eppendorf Centrifuge 5413. The supernatant (comprising the 

cytosol and plasma membrane fraction) was decanted, and the nuclear pellet was washed in 

nuclear wash buffer (Appendix A 1.5.2.1). To remove cytoplasmic contamination, the nuclear 

pellet was brought to a final concentration of 2 mg DNA/ml in 500 μl sucrose solution 

(Appendix A 1.5.2.2) by centrifugation at 200 X g at 4 C in the Eppendorf Centrifuge 5413 

for 6 mins. The resultant cytoplasmic-free nuclei pellet was resuspended in nuclear lysis 

buffer (Appendix A 1.5.2.3). To reduce the sample viscosity and to shear the DNA, nuclear 

lysates were briefly sonicated using the Misonix, Ultrasonic Liquid processor, XL2000 series, 

boiled for 5 mins to solubilize the protein and stored at -70 C. 

 

2.2.7 Plasma Membrane Extraction 

Membrane extracts (comprising both integral and peripheral membrane proteins) from cells 

were obtained using a formerly described protocol by Chen, et al.
338

  In brief, cells were 

washed twice with PBS and centrifuged in 1 ml PBS/Trazylol/PMSF 

(Phenylmethanesulphonylflouride, see Appendix A 1.5.3.1) at 1200 X g in the TOMY 

Capsule HF-120 for 3 mins.  The pellet was resuspended in 500 l membrane hyptonic buffer 

(Appendix A 1.5.3.2), and allowed to precipitate overnight at -20 C.  Samples were then 

thawed on ice, followed by 30 passages in a Dounce homogenizer.  The homogenates were 

membrane pelleted by centrifugation at 100, 000 X g (39 000 RPM Beckman L7-65 

Ultracentrifuge) for 30 mins at 4 C, and resuspended overnight at 4 C in 0.1% SDS.20 mM 

Tris-HCL (pH 7.4). The cytoplasmic fraction was decanted and membrane extracts 

resuspended in Laemmli lysis buffer and stored at -70 C. 

 

2.2.8 Protein Estimation 

The approximate protein concentration within each of the whole cell, nuclear and plasma 

membrane proteins extracts was conducted using the Bradford assay
339

, according to the 

method described by Bramhall, et al.
340

  A disc of Whatmann filter paper was rinsed in dH2O 

for 20 mins, and dehydrated for 5 mins each in 95% ethanol, 99.9% ethanol and 100% 

acetone respectively.  Six bovine serum albumin (BSA) samples of known concentrations  

(1 g/l) corresponding to 1 g; 3 g; 6 g; 12 g 16 g, and 20 g, each of which were 

solubilized in the relevant buffers matching the extracted samples, were spotted onto the air-
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dried filter paper (see Appendix A 1.6.1).  These were left under the fume hood until 

completely dry.  Once dried the protein samples were fixed onto the filter paper by incubation 

in 7.5% trichloracetic acid (TCA) (see Appendix A 1.6.2) for 40 mins accompanied by gentle 

agitation.  The filter paper was stained with Coomassie Brilliant Blue Stain (Appendix A 

1.6.3) for an initial 5 mins to remove residual TCA, followed by additional 60 min in the dark 

to prevent photooxidation of the Coomassie solution.  Thereafter, the developed protein-dye 

spots (circles) were destained for 60 mins in destain (Appendix A 1.6.4) and left to air-dry.  

The dried stained circles were excised, and the protein was drawn from the filter paper by 

overnight incubation in the dark in a 5 ml elution solution (Appendix A 1.6.5).  The following 

day the absorbance of each sample was determined using a ΛBBOTΛ SV-1100 

spectrophotometer at a wavelength of 595 nm.  A standard curve was formulated using the 

BSA readings, from which the concentration of protein present in each cell line was 

elucidated. This procedure was repeated three times for each extraction and graphs were 

plotted using Microsoft® Excel; see Appendix A 1.6.6 (Fig. A2) for representative standard 

curve. 

 

2.2.9 Polypeptide Resolution and Western Immunolotting 

Equal amounts of the various proteins extracted were resolved on a 10% sodium dodecyl 

sulphate polyacrylamide gel electrophoresis (SDS-PAGE), prepared according to Laemmli 

(1970)
335

 (Appendix A 1.7.1 and 1.7.2). Endogenous levels of protein concentrations may 

vary, and therefore all lysates were followed up with β-actin (loading control) analysis. The 

respective samples were resolved on the polyacrylamide gels using the Mighty Small
TM 

Electrophoresis Unit filled with electrophoresis running buffer pH 8.3 (Appendix A 1.7.3) at 

constant current of 20 mA and visualised with Coomassie Blue (Appendix 1.6.3). Stained gels 

were destained (Appendix A 1.7.4) and scanned (see Appendix A 1.7.5, Fig. A3). Unstained 

gels were transferred onto a Nitrobind nitrocellulose transfer membrane (MSI, USA), in a 

BioRad Trans-Blot™ Cell at 400 mA for 2.5 hrs in Western Blot Transfer Buffer (4 °C) 

(Appendix A 1.8.1), and immunoblotted as follows: 

 

2.2.9.1 PI3K (p85α), c-Jun, β-actin 

Subsequent to the above, the nitrocellulose membranes were rinsed 3 times in PBS and 

stored overnight at 4 C.  The following day, the membrane was blocked in casein-based 

blocking buffer (BLOTTO) (Appendix A 1.8.2) for 30 mins (p85α), and 1hr (c-Jun and β-

actin), to prevent non-specific binding of the antibody.  Six quick washes in PBS were 

achieved to remove the BLOTTO from the membrane, and thereafter incubated with the 
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appropriate antibody for 1 hr (c-Jun), and 2 hrs for PI3K (p85α) and β-actin. Rabbit 

polyclonal anti-p85 primary anti-body (1:6000) was used to detect PI3K (p85), rabbit 

polyclonal anti-c-Jun (1:700) for c-Jun detection, and rabbit polyclonal anti- β-actin 

(1:1000). Following incubation with the corresponding primary antibodies, the membrane 

was washed 6 times at 5 min intervals with PBS, and incubated in the dark for 1 hr in a 

suitable secondary antibody.  Immunodetection of PI3K (p85), c-Jun and β-actin was 

done using the HRP-conjugated monoclonal goat-anti-rabbit anti-body, at 1:20 000 (p85), 

1:7500 (c-Jun) and 1:10 000 (β-actin) dilutions respectively.  For a second time, 

membranes were washed 6 times with PBS at 5 min intervals. Band visualization was 

made possible by exposing the membrane in the dark for 5 mins in luminol:peroxide (1:1) 

obtained from the Supersignal West Pico Chemiluminescent Kit (Pierce, USA). The 

membrane was drained from excess developing solution (West Pico) and exposed for an 

initial 10 mins and then overnight to Hyperfilm
TM

 MP Autoradiography film (Amersham). 

The film was developed in developer (Appendix A 1.8.3) for 5 mins, rinsed in H2O and 

fixed for 5 mins in fixer (Appendix A 1.8.4). 

 

2.2.9.2 pPKB (Ser473), anti-pGSK3β (Ser9) and PTEN 

After the transfer was complete, the respective membranes were rinsed in 1X Tris Buffered 

Saline (TBS) (see Appendix A 1.8.5) and non-specific binding was prevented by 

incubation for 1 hr in blocking buffer (Appendix 1.8.6). After 1 hr, membranes were rinsed 

twice in TBS containing 0,1% Tween-20 (TBS/T), and incubated overnight at 4 C with 

gentle agitation in their respective antibodies. All antibodies were diluted in primary 

antibody dilution buffer (see Appendix A 1.8.7) at a concentration of 1:1000. The 

following day, blots were washed 3 times at 5 min intervals in TBS/T, to remove residual 

antibody. Membranes were incubated in the dark for 1 hr in goat-anti-rabbit antibody 

(1:1000) diluted in 2.5% BLOTTO in TBS/T. Once again, membranes were washed 3 

times with TBS/T at 5 min intervals, and band visualization was made possible as detailed 

above (2.2.9.1). (Note: Unless otherwise stipulated, all antibody incubations were done at 

RT and with gentle agitation) 

 

2.2.10 Indirect Immunoflourescence Microscopy 

All immunological reactions (immunoflourescent images) produced during this experiment 

are not the atypical staining in the strict histological sense, but is colloquially referred to here 

as ―staining‖. Cells were grown to a confluence of 50% as described above, washed 3 times in 
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PBS (4 C), and fixed for 30 mins in 4% paraformaldehyde (see Appendix A 1.9.1).  After 6 

washes in PBS they were permeabilized in 0,25% Triton-X-100 (see Appendix A 1.9.2) for 

10 mins, and washed for an additional 5 times with PBS.  The cells were briefly air-dried to 

ensure optimum adhesion of the DAKO pen, which was used to create an appropriate 

number of fluid barriers or ―wells‖, and thereafter rehydrated in PBS for 30 mins.  Each 

―well‖ was incubated for 1 hr in the primary rabbit polyclonal anti-PI 3-kinase p85 (Santa 

Cruz Biotechnology) (1:50), or overnight at 4  C in the polyclonal anti-pPKB (Ser473) (1:100) 

diluted in TBS/T, while each reaction contained their respective negative control ―well‖ that 

only contained PBS (p85) or TBS (pPKB) respectively. Unbound primary was washed off 

every 1 min in PBS (p85) or TBS (pPKB) for 5 mins. Next, the cells were incubated in the 

dark in monoclonal FITC-conjugated-goat-anti-rabbit (1:100) diluted in PBS (p85) or TBS 

(pPKB) for 1 hr.  Staining controls were done simultaneously, these exposed only to the 

secondary antibody incubation. Cells were subsequently washed in PBS or TBS as described, 

and mounted in 10 l anti-fade medium/elvanol (see Appendix A 1.9.3).  The cells were 

sealed with glass coverslips, and viewed immediately under a Zeiss LSM-410 confocal 

microscope at an eyepiece of 40X magnification (excitation wavelength of 488 nm, emission 

525). All immunoflourescent reactions were done in triplicate, and negative controls were 

performed for each cell line. Where necessary, immunofluorescent microscopy images were 

sharpened using Adobe Photoshop to enhance their clarity. (Note: Cells were kept in a moist 

environment during primary and secondary antibody incubations, and unless otherwise 

stipulated, all antibody incubations were done at RT). 

 

2.2.11 Inhibition of PI3K through LY294002 (LY29) Exposure 

Different concentrations of the reversible PI3K inhibitor, LY294002 (IC50=1.4μM) have been 

used within the literature, and for unique periods of time
341,

 
342, 343

. Therefore, for the purpose 

of this experiment a concentration of 20 μM of LY294002 exposed for 1 hr was found 

optimal (see Appendix A 1.11 for optimization).  

 

Cells were cultured as previously described, until a confluence of 60% was reached, after 

which, each cell line was incubated for 1 hr with 20 μM of LY294002 diluted in Dimethyl 

Sulfoxide (DMSO) under serum conditions, while the control or untreated cells were exposed 

to DMSO only. Whole cell protein extractions were performed on all the treated and untreated 

cell lines as outlined above (2.2.5). Note: The experiment was repeated three times. 
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2.2.12 Densitometry 

Optical density values of the bands representing concentration levels of PI3K (p85α), pPKB, 

pGSK3β and PTEN detected through western blot analysis were obtained using Labworks 

TM Image Acquisition and Analysis software (Labworks version 4.5). This program is ideal 

for such quantification as it is able to diminish the adverse effects created by high background 

and non-specific smears around the bands of interest. Note: the densitometric analysis results 

are an average of 3 separate repeated experiments and represented as a percentage of the 

maximum concentration. 

 

2.2.13 Image Capturing 

All western blot and SDS-PAGE images were captured using a Hewlard Packard Scanjet 

4400c series scanner at 300dpi, contrast and brightness of all images were standardised using 

CorelDRAW version 12®. 

 

2.2.14 Statistical Analysis 

Statistical analysis results are inclusive of at least three independent experiments (mean ± 

S.D), and was performed using Student‘s t test and One Way Repeated Measures Analysis of 

Variance (Holm-Sidak method). Inverse correlations between pPKB and PTEN expression 

levels were calculated using Pearson‘s correlation coefficient represented as r. All 

calculations of statistical computations were carried out using the SigmaPlot Release 11.0® 

statistical software. P-values are provided in the respective appendices, and values of P > 0.05 

were considered insignificant. Note: Based on the fact that statistical analysis requires a 

minimum of three independent experiments, an example of the three blots for the figures in 

this chapter was chosen (i.e. nothing is gained by showing all three). 
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2.3 Results 

 

2.3.1 p85α is unaltered in HOSCC cells. 

 

Transcriptional analysis of the p85α gene transcript (PIK3R1) was achieved through RT-PCR. 

The presence of a small (28S) and larger (18S) ribosomal RNA subunits indicated by the 

bands at 650 bp and 1500 bp through agarose electrophoresis, confirmed the integrity of the 

RNA extracts (shown in Fig. 2.3A). The intact RNA was successfully reverse transcribed into 

cDNA, evidenced by smears that are representative of different sized cDNA transcripts
344

 (see 

Fig. 2.3B). The presence of a 430 bp PCR fragment confirmed that HOSCC cells, along with 

the MCF7 and HT29 control cell lines, positively express the full transcript encoding the 

nSH2 domain of p85α (presented in Fig. 2.4). The specificity of the primers were confirmed 

by the absence of the target fragment in lane 8 that contained no template.  Sequence analysis 

of the PCR fragments confirmed that the 430 bp bands detected are indeed the nSH2 domain 

of p85α and that no alterations were evident (see Appendix A 1.12, Fig. A5 for sequence 

trace). 

 

2.3.2 HOSCC cells express high levels of PI3K (p85α). 

 

A single band at 85 kDa in all cell lines under investigation confirmed the presence of PI3K 

(p85α) (see Fig. 2.5A). The densitometric analysis of the concentration of p85α affirmed that 

its levels vary considerably across the WHCO and SNO HOSCC series, with respect to the 

high p85α protein levels in the HT29 cell line
331

 (see Fig. 2.5B). The WHCO6 (55%) and 

SNO (82%) cell lines exhibited the highest PI3K (p85α) expression, and the WHCO1 (23%), 

WHCO3 (24%) and WHCO5 (22%) HOSCC cell lines, the lowest (Fig. 2.5B).  The relatively 

low PI3K (p85α) protein levels observed in the mtPIK3CA HT29 and MCF7 controls
330

 

suggests that its protein expression is not a result of its mutated PIK3CA sequence. 
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A) 

               

B) 

        

 

Figure 2.3: RNA extracts and cDNA transcripts from the 5 HOSCC, HT29 and MCF7 cell lines. A) 
Total RNA was extracted from HOSCC, MCF7 and HT29 cell lines, and thereafter 
electrophoresed on a 1% agarose gel. The two bands (indicated by blue arrows) 
represent the big 28S (1500 bp) and small 18S (650 bp) ribosomal subunits, 
indicative of a successful RNA extraction345. B) mRNA was effectively reverse 
transcribed into complimentary DNA/cDNA shown in the form of smears when 
resolved on a 1% agarose gel, exhibitive of variable transcript lengths. Lane’s 1-
WHCO1, 2-WHCO3, 3-WHCO5, 4-WHCO6, 5-SNO, 6-MCF7, 7-HT29, and DNA ladder-
100 bp PLUS Marker. 

 

28S 

18S 

28S 

18S 
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Figure 2.4: Gene amplification of the p85α transcript (PIK3R1) confirms intact p85α present in 
HOSCC cells. The presence of a 430 bp PCR fragment is indicative of a positive 
expression of the N-SH2 domain of PIK3R1/p85α in HOSCC cells (indicated by the 
blue arrow), resolved on two separate 1% agarose gels. The absence of a band in 
lane 8 (template-free) confirms the specificity of the PCR reaction. Lanes 1-8 
represents the WHCO1, WHCO3, WHCO5, WHCO6, SNO, MCF7, HT29, and 
template-free control respectively. See Appendix A 1.12 for sequence and primer 
analysis.  

 

 

 

2.3.3 Cellular localization of PI3K (p85α) in HOSCC cells. 

 

A) PI3K (p85α) localizes to the membrane 

Having established its protein expression in HOSCC cell lines, it was important to 

determine whether it is expressed in the appropriate cellular location. Since it exclusively 

translocates to the membrane upon RTK activation
346,347

 quiescent cells express high levels 

of PI3K (p85) in the cytoplasm
57, 348 

. Due to their PI3K mutational status, the HT29 and 

MCF7 cell lines served as ideal controls for the assessment of PI3K cellular localization 

relative to the HOSCC cells. Since these HOSCC lines overexpress the EGFR, we 

hypothesized an associated membrane localization of PI3K (p85). 

 

A large proportion of p85α protein was localized to the cytoplasm in all the HOSCC cell 

lines examined (shown in Fig. 2.6, orange arrows). Strong membrane staining was 

observed in the WHCO1 and WHCO6 HOSCC cell lines alongside the MCF7 and HT29 

430 bp 

430 bp 
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controls (Fig. 2.6, purple arrows). Additionally, the WHCO6 and MCF7 cell lines 

displayed diffuse p85α nuclear staining, whereas marked exclusion of p85α from the 

nucleus was detected within the WHCO1, SNO, and WHCO3 cell lines.  Outstandingly, 

the WHCO5 cell line exhibited distinct nuclear and limited cytoplasmic staining for p85α, 

similar to that observed in the HT29 control (Fig. 2.6, red arrows). Moreover, the SNO, 

WHCO1, and the WHCO3 possessed strong perinuclear p85α localization. 

 

 

A)  

  

 

B) 

            

  

Figure 2.5: PI3K (p85α) is expressed at variable levels in HOSCC cells. A) Western blot 
analysis of PI3K (p85α) from whole cell protein extracts of HOSCC, MCF7, and 
HT29 cells (see Appendix A 1.6.6 and 1.7.5 for representative standard curve and 

10% SDS-PAGE). Arrow indicates the p85 subunit at its defined molecular 
weight of 85 kDa. Lanes 1-7 represents the WHCO1, WHCO3, WHCO5, WHCO6, 
SNO, MCF7 and HT29 respectively. B) Densitometric analysis of the p85α 
detected through western blotting (mean ±s.d. of triplicate experiments), 
showing strongest expression in the WHCO6 and SNO HOSCC cell lines. See 
Appendix A, Table A1 for mean optical density values.  

 

 



45 

 

   

   

   

 

 

 

 

 

 

 

 

   

 

See next page for legend. 
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Figure 2.6: PI3K (p85α) is predominantly localized to the membrane and cytoplasm in HOSCC 

cells. Indirect immunoflourescence microscopy displaying PI3K (p85) cellular 
localization in the 5 HOSCC cell lines and HT29 and MCF7 control cell lines. All 
HOSCC cells display largely cytoplasmic p85α localization (orange arrows). The 
WHCO1 and WHCO5 cell lines showing nuclear p85α staining (red arrows), whereas 
the WHCO1 and WHCO6 cell lines demonstrate cytoplasmic, which included 
membrane staining (purple arrows). Under equivalent conditions, little or no 
staining was detected in the negative control, indicative of staining specificity. Bar 
represents 25 μm. 

 

B) PI3K (p85α) is present in the nucleus of HOSCC cells. 

 

To ensure that the nuclear localization of PI3K (p85α) was a true representation of its 

intracellular distribution; we performed western blot analysis from nuclear extracts. 

Correspondingly, relative to its immunoflourescent detection, the levels of p85α in the 

nucleus were indeed low, with the highest expression detected in the WHCO3 cell line 

(demonstrated in Fig. 2.7).  No nuclear PI3K (p85α) was detected in the MCF7 cell line.  

This result fits with its mtPIK3CA status that ensures stabilized membrane PI3K (p85α) 

localization. 

 

C) PI3K (p85α) is targeted to the membrane in HOSCC cells. 

 

To provide a quantitative support for the PI3K (p85α) staining at the membrane, its 

membrane expression through western blot analysis of plasma membrane-specific protein 

extractions was evaluated. As can be seen in Fig. 2.8, PI3K (p85) is expressed at the 

membrane in the WHCO and SNO HOSCC series. The WHCO5 (60%) WHCO6 (80%) 

and SNO (80%) cell lines showed the highest expression, while the WHCO1 (40%) and 

WHCO3 (20%) cell lines displayed the lowest levels. Under these conditions, the 

membrane expression of PI3K (p85α) in the HOSCC cells is validated by its detection in 

the mtPIK3CA control cell line (HT29) that was previously demonstrated to possess strong 

membrane binding
349

. Furthermore, the purity of the membrane extract was confirmed by 

the presence of the largely plasma-membrane associated adhesive protein, E-cadherin
350

. 

This was clearly detectable in all the membrane extracts performed, excluding the HT29 

cell line (Fig. 2.8), which inherently express low E-cadherin membrane levels
351

. 

Therefore, the specificity of the membrane extraction is further strengthened against the 

positive detection of E-cadherin in the MCF7 and the negative detection in the HT29 

controls. 
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 A) 

 

 

 B) 

    

Figure 2.7: Relatively low levels of PI3K (p85α) are expressed in the nucleus of HOSCC 
cells. A) 30 μg of nuclear extracts (as described in Materials and Methods) 
taken from HOSCC, MCF7 and HT29 cell lines were immunoblotted for the 
detection of PI3K (p85α) (see Appendix A 1.6.6 and 1.7.5 for representative 
standard curve and 10% SDS-PAGE. Arrows show the positive PI3K (p85α) 
detection at 85 kDa. The integrity of the nuclear extracts was verified 
through the positive detection of the c-Jun transcription factor at 42 kDa, 
which is predominantly expressed within the nucleus352. Lanes 1-8: WHCO1, 
WHCO3, WHCO5, WHCO6, SNO, MCF7, HT29, and WHCO6 whole cell lysate 
as the loading control (L/C). B) Densitometric analysis of the nuclear western 
blot detection of PI3K (p85α), (mean ±s.d. of triplicate experiments), 
revealing the highest expression in the WHCO3 cell line (>80%), see 
Appendix A, Table A1 for mean optical density values. 
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A) 

 

 B) 

        

 

Figure 2.8: PI3K (p85α) is targeted to the membrane of HOSCC cells. A) 20 g of plasma 
membrane extracts derived from HOSCC, MCF7 and HT29 cell lines were 

subjected to western immunublotting for the detection of PI3K (p85), see 
Appendix A 1.6.6 and 1.7.5 for representative standard curve and 10% SDS-
PAGE.  The success and specificity of the membrane extraction was verified 
through the detection of the transmembrane E-cadherin protein at 85 kDa. 
Lanes 1-8 represent the WHCO1, WHCO3, WHCO5, WHCO6, SNO, MCF7, HT29 
and the WHCO6 whole cell protein lysate loading control. B) The experiment 

was performed three times and PI3K (p85) detection in the form of bands 
was quantified through densitometry (mean ±s.d. of triplicate experiments), 
revealing that the WHCO6 and SNO cell lines possess the highest amount of 

PI3K (p85) at the membrane. See Appendix A, Table A1 for mean optical 
density values. 
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2.3.4 PI3K and PKB are active in the HOSCC cell lines. 

 

The Ser473 phosphorylation state of one the major downstream targets of PI3K, PKB, is 

specifically used as a marker for the presence of active PI3K
353, 354

. In an attempt to determine 

whether PI3K is active, as suggested by its membrane localization, the Ser473 

phosphorylation state of PKB was used as a measure for its level of activity, albeit indirect. 

To varying degrees, western blot analysis revealed a positive pPKB (Ser473) reaction in all 

the HOSCC cell lines, except the WHCO3 cell line (shown in Fig. 2.9A). This experiment 

was repeated with increasing protein concentrations (60, 80 and 100 μg) to ensure the lack of 

pPKB (Ser473) levels in the WHCO3 cell line (see Appendix A, Table A2).With respect to 

the HT29 and MCF7 controls, this was taken as evidence of an active PI3K. Since PKB 

Ser473 phosphorylation is required for its full activation
355

, these data equivalently point to an 

active PKB in 4 of the HOSCC cell lines. Densitometric analysis revealed that the WHCO6 

cell line exhibited the strongest pPKB (Ser473) expression (100%), hereafter referred to as 

pPKB, whereas marginally lower expression levels were displayed in the WHCO5 (50%) 

which was similar to the levels displayed in the MCF7 (60%) control (see Fig. 2.9B). The 

WHCO1 (10%), SNO (22%) and HT29 (30%) cell line possessed the least amount of pPKB 

respectively (Fig. 2.9B). These results clearly point to an active PI3K and PKB present within 

4 HOSCC cell lines, albeit to unique concentrations and an obvious departure being the 

WHCO3 cell line. 

 

2.3.5. Cellular distribution of active PI3K (pPKB) within HOSCC cell lines. 

 

Protein kinase B (PKB) plays multiple roles in the regulation and activation of various 

cellular processes, such as, apoptosis and proliferation
356, 357

. Similar to PI3K, its membrane 

localization and cytoplasmic distribution serves as a good indicator of its functional and 

activational state
358, 359

. Immunoflouresent images of the 5 HOSCC, MCF7 and HT29 cells 

portray distinct staining patterns (illustrated in Fig. 2.10).  The WHCO1, WHCO5, WHCO6, 

and SNO cell lines demonstrated apparent nucleolar pPKB localization, with the WHCO1 and 

SNO displaying a less obvious cytoplasmic staining (Fig. 2.10, red arrows).  The WHCO5 

cell line, on the other hand, possessed a more pronounced cytoplasmic and membrane pPKB 

staining pattern.  In accordance with its western blot detection (see Fig. 2.9), 

immunoflourescence of pPKB in the WHCO3 cell line showed only background levels. 

Strong membrane localization of pPKB, alongside a faint cytoplasmic staining and nuclear 

exclusion, was observed in the mtPIK3CA MCF7 and HT29 controls. 
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A) 

 

 

B) 

 

Figure 2.9: PI3K is active in 4 of the HOSCC cell lines.  A) Western blot analysis of 80 μg 
total phospho-PKB/p-PKB (Ser473) from resolved HOSCC, MCF7 and HT29 
whole cell protein lysates (see Appendix A 1.6.6 and 1.7.5 for representative 
standard curve and 10% SDS-PAGE generated during the protein estimation) 
detected at 60 kDa. Lanes 1-7 represent the WHCO1, WHCO3, WHCO5, 
WHCO6, SNO, HT29, MCF7 cell lines respectively. B) The identified western 
blot band was quantified by densometric analysis (mean ±s.d. of triplicate 
experiments), confirming that PI3K (pPKB) is active in four of the HOSCC cell 
lines, with the highest pPKB present in the WHCO6 cell line, and the lowest in 
the WHCO1 cell line. Note: The experiment was repeated with increasing 
protein concentrations (60, 80 and 100 μg) to ensure the lack of Phospho-PKB 
(Ser473) expression in the WHCO3 cell line. See Appendix A, Table A2 for 
mean optical density values. 
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See next page for legend. 
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Figure 2.10: Unique staining patterns of pPKB  identifying active PI3K in each of the HOSCC 
cell lines. Immunoflourescence microscopy affirmed membrane pPKB staining in 
the WHCO5, WHCO6, SNO and the HT29 and MCF7 control cell lines (purple 
arrows). Apparent nucleolar pPKB detected in the WHCO1, WHCO5, and WHCO6 
HOSCC cell lines (red arrows). The lack of a similar staining pattern in the negative 
control is an indication that the cellular localization of phospho-PKB (Ser473) 
detected is unambiguous. Bar represents 25μm. 

 

 

 

2.3.6 PKB is active in HOSCC cells. 

 

The Ser9 phosphorylation status of one of PKBs major downstream effectors, GSK3β, is 

commonly used as a marker for the presence of active PKB in various cellular milieu
360, 361, 

362
. Therefore, to further confirm the activational state of PKB, as its cellular localization 

suggests in the 5 HOSCC cell lines, we used the detection of phospho-GSK3 (Ser9), herein 

referred to pGSK3β. In addition to their PIK3CA mutational status, the HT29 and MCF7 cell 

lines served as ideal controls for the Ser9 phosphorylation state of GSK3β previously 

established to be active (dephosphorylated)
363

, and highly inactive (phosphorylated) 
364

 

respectively. 

 

According to its Ser9 phosphorylation status, these results reveal that GSK3β is inactive in the 

WHCO5, WHCO6, SNO HOSCC, and MCF7 cell lines (shown in Fig. 2.11). This suggests 

that the membrane localization of pPKB demonstrated above (Fig. 2.10) is linked to its active 

state in these cell lines. In keeping with its low and absent pPKB levels in the WHCO1 and 

WHCO3 cell lines respectively, a weaker pGSK3β expression, indicative of an active GSKβ 

and less active PKB was demonstrated.  
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 A) 

 

 B) 

     

 

Figure 2.11: The activity of GSK3β appears to be constitutively inhibited in  three of the 
HOSCC cell lines. A) Western blot analysis of active PKB (pGSK3β) in 10 µg of 
whole cell protein extracts from HOSCC, HT29 and MCF7 cell lines detected 
at 46 kDa (see Appendix A 1.6.6 and 1.7.5 for representative standard curve 
and 10% SDS-PAGE). β-actin was used as a measure for equal loading.  Lanes 
1-7 represent the WHCO1, WHCO3, WHCO5, WHCO6, SNO, HT29, and MCF7 
cell lines respectively. B) The identified western blot band at 46 kDa was 
quantified by densitometric analysis (mean ±s.d. of triplicate experiments), 
illustrating that the WHCO6 and SNO HOSCC cell lines are in possession of 
the strongest active PKB (pGSK3β). See Appendix A, Table A2 for optical 
density values.  
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2.3.7 The activation of PKB is primarily mediated by PI3K in HOSCC cells. 

 

Due to the importance of PI3K in the Ser473 phosphorylation and activation of PKB
184

, it was 

further investigated whether the activity of PI3K is indeed required for PKB activation 

through its Ser473 phosphorylation. To reveal the contribution made by PI3K, its activational 

state was manipulated by using the PI3K-specific inhibitor, LY294002 (hereafter referred to 

as LY29). LY29 is said to mimic the activity of PTEN in cells
365

. Since the activity of PI3K 

and PKB are constantly attenuated by PTEN, the expression of PTEN was also evaluated 

subsequent to PI3K inhibition as a control for the influence of LY29. The wild-type and 

overexpressed state of functional PTEN in the HT29 and MCF7 cell lines respectively
366, 367

, 

were used as additional controls for this influence.  

 

Blocking the PI3K pathway confirmed the dependency that PKB has on PI3K for its full 

activation, with the WHCO1, WHCO5, WHCO6 and HT29 cell line (P<0.001) possessing the 

highest and the WHCO3, SNO and MCF7 cell lines (P<0.001) demonstrating the least 

dependency thereof (shown in Fig. 2.12 and 2.13). A reduction in pPKB corresponded to 

dissuaded pGSK3β phosphorylation in the WHCO1, SNO, HT29 and MCF7 cell lines 

exclusively (Fig. 2.12 and 2.13). Although significantly affected (P<0.05), the decreases 

observed in levels of pGSK3β in the remaining cell lines, did not correspond to the changes in 

pPKB.  

 

These results also demonstrate that although PKB is active, deduced by its Ser473 

phosphorylation status, it plays a relatively small role in the Ser9 phosphorylation, and thus 

inhibition of GSK3β, in all of the cell lines examined (see in Fig. 2.12 and 2.13).  This is 

especially noted in the WHCO3 cell line, where pPKB is absent, yet the Ser9 phosphorylation 

of GSK3β was significantly attenuated (P<0.05) as a result of PI3K inhibition. These data 

strongly suggest that PKB-independent mechanisms are used to regulate the Ser9 

phosphorylation, and hence activity of GSK3β in HOSCC cells. 

 

It is well established that the expression of pPKB and its antagonist, PTEN are inversely 

proportional
368, 369, 370, 371, 372

. However, this relationship was not observed in the WHCO and 

SNO HOSCC series (see Fig. 2.12 and 2.13). Even though the WHCO1, WHCO3 and SNO 

HOSCC cell lines demonstrated a noticeable drop in the protein concentration of PTEN (Fig. 

2.12 and 2.13), it was not inversely correlated to pPKB (see Appendix A, Table A6).  

Likewise, no inverse correlation between PTEN and pPKB levels was found in the two cell 
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(HT29 and MCF7) lines that have been shown to harbour functional PTEN, suggesting that 

despite the lack of this relationship between PTEN and pPKB in HOSCC cells, PTEN may 

still be functional. 

 

 

 

 

Figure 2. 12: Disruption of the PI3K pathway in HOSCC cells through LY29 confirms the 
dependency that PKB has on PI3K for its Ser473 phosphorylation, and thus full 
activation.  HOSCC, HT29 and MCF7 cells were treated for 1 hour with (+) or 
without (-) 20 μM of the PI3K inhibitor, LY294002 (LY29). Western blotting was 
used to determine the consequent effect PI3K inhibition had on the overall 
protein levels of p-PKB (Ser473), its downstream effector, p-GSK3β (Ser9), 
PTEN, and PI3K (p85α) (see AppndiX A  1.6.6 and 1.7.5 for representative 
standard curve and 10% SDS-PAGE). Untreated cells (-) were exposed to the 
LY29 vehicle control, DMSO. The loading control (L/C) is representative of the 
WHCO6 whole cell lysate used for comparison between the different blots. 
Equal loading of treated versus untreated proteins was detected with β-actin. 
Note: Experiments were performed three times.  
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 A) 

 

 

 B) 

 

 

Figure 2.13: Densitometric analysis affirms the dependency pPKB levels have on PI3K 
activityependency pPKB levels have on PI3K activity in HOSCC cells. A) 
Densitometric analysis revealing the attenuated p-PKB (Ser473) levels 
following PI3K inhibition mediated by exposure to LY29, with the WHCO1 
showing the highest, and the SNO the least sensitivity. B) Densitometric 
analysis of p-GSK3β (Ser9), subsequent to PI3K inhibition, demonstrating 
strong inhibition in the WHCO1, WHCO3, SNO, HT29 and MCF7 cell lines 
respectively. pPKB and pGSK3β results represent mean ± S.D. obtained from 
the three separate experiments, *P significantly different from control, 
P<0.05. See Appendix A, Table A3 and A4 for statistical analysis. 

* 

* 
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C) 

 

 

Figure 2.13: C) PTEN responded differentially to PI3K inhibition in the cell lines examined, 
affirmed by densitometric analysis. PTEN results represent mean ± S.D. 
obtained from the three separate experiments, *P significantly different 
from control, P<0.05. See Appendix A, Table A5 for statistical analysis. 
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2.4 Discussion 

 

Even though genetic variations of the major components within the PI3K/PKB pathway have 

recently been shown to offer resistance to chemotherapy in HOSCC patients
295

, much remains to 

be determined regarding a specific role for this pro-survival signalling pathway in HOSCC
140

.  

Of particular interest, is the p85α regulatory subunit of PI3K that acts as an oncogene in 

epithelial-derived cancers like HOSCC
373, 374,

 
375

. This oncogenicity has been linked to a 

truncation in the nSH2 domain of the p85α protein transcribed by PIK3R1 that normally prevents 

PI3K activation through its constant inhibition of the p110α catalytic subunit
318

.  

 

In the present study, transcription of p85α was verified and revealed that the 5 HOSCC cell lines 

are free of p85α nSH2 domain truncations or mutations (Appendix A 1.12). The 400 bp PCR 

fragment amplified here is consistent with the 425 bp fragment acquired by Krymskaya, et al.
305

 

who used the same set of primers on human airway smooth muscle cells. Moreover, each of the 

HOSCC lines were shown to express unique levels of PI3K (p85α) protein (see Fig. 2.5). 

Ostensibly, one would expect an enhanced protein expression in cells possessing activating PI3K 

mutations
42, 376, 377

.  Surprisingly, the mtPIK3CA (E454K) MCF7 cell line expressed only weak 

PI3K (p85α) protein concentrations, in comparison to the WHCO and SNO HOSCC series. As 

highlighted previously, the need for p85α protein during tumour metastasis and differentiation is 

highly controversial. The HT29 colon cell line was shown previously to possess high protein 

concentrations of p85α, that was strongly associated with its poor differentiation state
331, 378

. 

Furthermore, based on their keratinizing capability, the 5 HOSCC lines were established as poor 

differentiating and highly metastatic cells
329

. PI3K (p85α) protein appears to be highly expressed 

in HOSCC lines, relative to the strong p85α expression in the HT29 control, with the WHCO6 

and SNO cell lines being the atypical examples of this.  Therefore, an elevation in p85α protein 

levels may in fact serve as an ideal pathological grading marker for HOSCC cells. 

 

Although the possibility that monomeric p85α expression exists, it is for the most part dimerized 

to the p110α catalytic subunit in a 2:1 ratio
69
.  On this basis, the p85α immunoblot detection here 

may represent the mutually favourable, yet obligate p85α-p110α dimer. This interpretation is 

corroborated by a number of studies illustrating that intracellular levels of p110α are completely 

saturated by p85α, and that p110α expression is not possible otherwise
68, 72, 379

. Additionally, 

human embryonic kidney cells, HEK293T
65

 and COS-7 cells
66

 transfected with monomeric 
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p110α consequently displayed negligible frequencies of PI3K activity that was strikingly 

reinstated when co-expressed with the p85α subunit.   

 

As part of improving the understanding of the functional role played by PI3K in HOSCC 

pathology, we sought to explore its cellular compartmentalization. Inactive PI3K (p85α) is 

predominantly localized to the cytoplasm
380, 381

. Given the context in which PI3K finds itself at 

the membrane
382, 383

, many are of the view that membrane biased PI3K is sufficient to confer 

constitutive activation of the PI3K pathway in cancer
40, 384, 385, 386, 387, 388, 389

. PI3K (p85α) was 

found localized to the membrane only in the WHCO1 and WHCO6 HOSCC cell lines 

respectively (see Fig. 2.6). As expected, the two PIK3CA mutant cell lines, MCF7 (E454K) and 

HT29 (P449T)
330

 positively displayed membrane localized PI3K (p85α). This membrane 

localization strongly points to the existence of constitutively activated PI3K in two of the 

HOSCC lines.   

 

In addition to their known membrane localization, inositol lipids have reportedly been found in 

the nucleus, demonstrating functionality similar to those at the plasma membrane
390, 391, 392, 393

. 

These authors also reported that the propensity of a cell to acquire a nuclear PI3K signalling 

network, is cell-type specific. Nuclear staining supported by western blot analysis found PI3K 

(p85α) present within the nucleus of all HOSCC cell lines, with the WHCO3 cell line 

demonstrating the highest concentration (see Fig. 2.6 and 2.7). It should be noted that  the 

apparent difference between the nuclear localization of PI3K, and that in the western blot of the 

nuclear extraction, is likely a result of the nuclear extracts not containing the cytoplasmic 

fraction (see Fig. 2.6), which is therefore more prominent in the immunoflourescent detection 

(see Fig 2.7). Consistent with this result, electron microscope immunocytochemistry confirmed 

nuclear localization of PI3K in rat liver nuclei
394

, rat pheoctomocytoma PC 12 cells
395

, and 

human HL-60 leukemia cells
396

. Interestingly, human osteosarcoma Saos-2 cells treated with 

drugs commonly used for cancer chemotherapy, like the anthracycline antibiotic and 

doxorubicin, reduced the nuclear and cytoplasmic localization of PI3K
397

. This is highly 

suggestive of a role played by PI3K in the nucleus in the promotion of cellular transformation. 

Accordingly, the PI3K antagonist, PTEN
398

, and its derivative, pPKB
399

, were also found 

localized in the nucleus of in HL-60 cells that was directly linked to cellular transformation. 

 

In support of an oncogenic role for PI3K in the nucleus, evidence derived from HepG2 human 

hepato-carcinoma cells
400

, osteosarcoma Saos-2 cells
401

, osteoblast-like clonal cell line, and 
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osteoblast-like MC3T3-E1 cells
402

, demonstrated rapid nuclear sequestration of PI3K in response 

to various stimuli such as insulin, PDGF,  and nerve growth factor (NGF) respectively. Thus, 

these studies indicate that the nuclear localization of PI3K is not constitutively present but 

sequential to its activation by exogenous stimulation. Hence, it would appear that a separate 

PI3K nuclear signalling network may exist in HOSCC cells in the absence of exogenous 

stimulation. 

 

In keeping with its membrane and nuclear cellular localization, both of which are characteristic 

of a constitutively active PI3K, led us to question whether it is indeed active in the 5 HOSCC 

lines. Given that the Ser473 phosphorylation status of its downstream target, PKB, is the classic, 

yet indirect method used to ascertain the intracellular levels of PI3K activity
403, 404, 405

, it became 

necessary to determine whether pPKB is present in the HOSCC lines. Based on the 

overexpressed EGFR status in these HOSCC cell lines
332

, as well as the established membrane 

localized PI3K (demonstrated in Fig. 2.6), we anticipated a correspondingly high level of PI3K 

activation
150

. It was shown that PI3K is indeed active at dissimilar levels in four of the HOSCC 

ines, with respect to the known positive HT29 and MCF7 controls. Since PIP3 production is 

PI3K-dependent, and PKB activation is PIP3-dependent
406, 407, 408

, these results also provide a 

good indication that PIP3 is present in these four HOSCC lines. Furthermore, western blot 

detection of pPKB has been previously linked to potentiated PKB activity through high 

concentrations of PIP3
177 and 409

, and therefore the data presented here suggest that both basal 

levels of PI3K and PKB are active. On the other hand, our data also demonstrated that the 

membrane localization of PI3K does not always correspond to its activational state of PI3K 

(pPKB) in HOSCC cell lines. This has especially been noted for the WHCO1 and WHCO6 cell 

lines, both of which possessed strong membrane localized PI3K, yet only the WHCO6 cell line 

possessed a high concentration of pPKB (see Fig. 2.6 and Fig. 2.9). Furthermore, a strong 

relationship between p85α protein and pPKB levels was shown to exist within the HT29 and 

MCF7 control cell lines, whereas no such relationship was evident within either of the HOSCC 

lines. 

 

The WHCO3 cell line was notable for its absent pPKB expression.  The undetectable pPKB in 

this cell line could be attributed to a number of factors. Firstly, since PI3K activity determines 

the Ser473 phosphorylation and hence, activation of PKB
355

, this result implies that basal levels 

of PI3K, and consequently PKB, are greatly suppressed in this cell line. Ironically, the WHCO3 

cell line was shown to possess the highest concentration of EGFR
332

, yet no corresponding levels 

of pPKB exists. A particular study illustrated that at high temperatures, pPKB was undetectable 
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through western blot analysis
410

.  However, this would seem as an unlikely explanation for the 

absent pPKB in the WHCO3 cell line, as all the cell line extractions were performed under the 

same temperature conditions (see Materials and Methods), yet its lack of detection was limited to 

the WHCO3 cell line. 

 

The specific function and regulation of many kinases is largely determined by their cellular 

localization, and PKB is no exception
359

. Bearing in mind that its membrane translocation is 

essential for its activation, and its substrates are situated in both the cytoplasm and nucleus
182, 411 

,412
, it was no surprise to discover staining in all three cellular compartments in the four HOSCC 

cell lines (WHCO1, WHCO5, WHCO6, and SNO) (see Fig. 2.10). In accordance with its 

western blot detection, no specific staining for pPKB was evident in the WHCO3 cell line. The 

propensity for PKB to become phosphorylated on its Ser473 residue is mediated by the catalytic 

Lys179 that enables the phosphate transfer from ATP to the Ser473 residue
413

. Interestingly, the 

specificity of the anti-pPKB (Ser473) antibody was tested on HEK293 cells transfected with a 

―kinase-dead‖ version of PKB created by converting the catalytic Lys179 residue to an 

alanine
414

. Bearing this in mind, it seems plausible to suggest that a similar mutation may be 

present within the WHCO3 cell line, giving rise to the undetectable pPKB clearly observed in 

this chapter. 

 

Even though the Ser9 phosphorylation and thus inactivation of GSK3β can be regulated by 

various other kinases, such as PKA and PKC
415, 416

, it is for the most part under the regulation of 

PKB
197

. Therefore the Ser9 phosphorylation of GSK3β has become the method of choice for 

discovering and confirming the intracellular activity of PKB
417

. Using this method, and as its 

Ser473 phosphorylation status suggests, PKB is indeed active in HOSCC cells. The data 

presented in this study show that basal concentrations of GSK3β are inactive in the HOSCC cells 

(see Fig. 2.11). This was determined with respect to the known active, and hence Ser9 

dephosphorylated state of GSK3β previously established in the HT29 control
363

. Despite the 

absence of pPKB in the WHCO3 cell line, pGSK3β levels were still detectable, suggesting that 

PKB may not be the primary regulator of this site in the WHCO and SNO HOSCC series. An 

earlier report indicated that although dephosphorylated on its Ser473 residue, PKB still maintains 

a minimal level of activity
418

, and therefore this possibility cannot be excluded. 

 

To fully confirm the influence played by PI3K in the regulation of PKB in HOSCC cells, it 

became necessary to manipulate its activational state. PI3K inhibition by LY294002 (LY29) is 
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one of the most commonly used methods for elucidating its intracellular activity
419, 420

. It was 

demonstrated by using LY29, that the Ser473 phosphorylation, and thus activation of PKB, is 

highly dependent on PI3K in the WHCO1, WHCO5, WHCO6 and SNO HOSCC cell lines 

exclusively (see Fig. 2.12 and 2.13). Despite recent evidence bringing to question the use of 

LY29 as a specific inhibitor for PI3K
421
, the concentration of 20 μM used here has been utilized 

by numerous other studies and demonstrated to be specific towards the ATP-binding site of 

PI3K
342, 343,  422,423, 424, 425

. Therefore, these data explicitly underscores the importance of PI3K in 

the Ser473 phosphorylation of PKB in these four HOSCC lines. 

 

Culminating from the significant, yet small reduction obtained in pPKB in the WHCO5 and SNO 

cell lines, as opposed to the stronger attenuation displayed in the WHCO1 and WHCO6 cell lines 

as a result of PI3K inhibition (see Fig. 2.13A), suggests that the former cell lines are more 

resistant to LY29.  Notably, tumour cells harbouring PI3K or PTEN mutations are considered to 

be more sensitive to LY29 exposure
426, 427

, whereas those possessing p53 mutations confer 

resistance
428
. The SNO HOSCC cell line was shown to harbour the R175H ―hotspot‖ p53 

mutation
429

. Although the mutant (mt) PI3K status in the control cell lines (HT29 and MCF7) 

may explain their significant sensitivity to LY29 and the mtp53 status in the SNO cell line, the 

resistance to LY29 respectively, it does not account for the resistance depicted in the wtp53 

WHCO5 cell line
429

. Consequently, it would appear that the resistance to LY29 in the WHCO5 

and SNO HOSCC cell lines is independent of their p53 status.  

 

Consistent with this resistance presented in the WHCO5 and SNO cell lines, Matsumoto, et al.
430

 

showed that based on the unaffected concentration of pPKB, certain pancreatic cancer cell lines 

were also resistant to LY29. As a result, the authors questioned the importance of PI3K in the 

downstream activation of PKB.  Since LY29 is a competitive inhibitor for the ATP binding site 

of PI3K,  these results may imply that the resistance encountered in these two HOSCC cell lines 

may be due to the presence of higher intracellular levels of ATP, that out-competes LY29 

binding on the PI3K ATP-binding site
431

, leading to the resistance observed (see illustration in 

Fig. 2.14).  This suggestion is not impractical, since ATP was shown to maintain an active state 

of PI3K by keeping its antagonist, PTEN, in the nucleus of breast, colorectal and thryroid 

carcinoma cells
432

. Indeed, EGFR overexpression has been shown to constitutively activate PI3K 

and PKB
433

 leading to LY29 resistance
434, 435

. The resistance observed here is more than likely 

achieved by maintaining high levels of ATP at the PI3K active site (shown in Fig. 2.14). On the 

other hand, there were no detectable levels of pPKB in the WHCO3 cell line despite its overt 

EGFR frequency.  Therefore, it seems logical to suggest that although EGFR overexpression 
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may contribute to the resistance acquired in the WHCO5 and SNO cell lines, another key player, 

that possibly counteracts the effects induced by EGFR; may be more pronounced in the 

WHCO1, WHCO3, and WHCO6 HOSCC cell lines; causing these cells to develop greater 

susceptibility towards LY29.  

 

 

 

 

 

 

 

 

    

 

 

Figure 2.13: Schematic diagram showing the possible reasons for acquiring LY29 
resistanceram showing the possible reasons for acquiring LY29 resistance 
in the WHCO5 and SNO HOSCC cell lines.  The competitive relationship 
between ATP and LY294002 binding to the PI3K active site is shown, 
inevitably reversing cellular activation of PI3K. Figure generated using 
Microsoft Powerpoint® 

 

A study revealed that the p53-R175H mutant present within the SNO cell line, up-regulates the 

EGFR-PI3K-PKB pathway by activating the EGFR promoter
436

.  In contrast, an earlier study 

showed that both wild-type (wt) and mutant (mt) p53 are able to activate the EGFR promoter, 

albeit via distinct mechanisms
437

. Thus, strengthening the above suggestion, a contribution made 

by p53 in this light can be overlooked. Weak Ser473 phosphorylation of PKB is commonly 

observed in cells where casein kinase 2 (CK2) is down-regulated
438, 439

. The protein kinase CK2 

is a highly ubiquitous serine/threonine kinase that up-regulates and maintains the activation of 

PKB by positively regulating its Ser473 phosphorylation state
440

.  Furthermore, cells harbouring 

wtp53 were shown to suppress the kinase activity of CK2
441

, while mtp53-containing cells were 

severely lacking in this regard. Although LY29 has been reported to also directly inhibit CK2
421

, 

there is no evidence supporting this action at the concentration (20 μM) used here. Thus, even 

though p53 may not contribute to the LY29 resistance or susceptibility by up-regulating EGFR 

highlighted above, it may aid in the cellular response to LY29 via its negative regulation on 

CK2. Therefore, the resistance observed in the mtp53 SNO cell line may incorporate the up-
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regulated and sustained levels of pPKB through its inability to suppress CK2 via p53, as shown 

in Fig. 2.15. This interpretation raises the intriguing possibility that the absence of pPKB in the 

WHCO3 cell line could be resulting from the wtp53-mediated suppression of CK2, that 

antagonizes its ability to activate PKB. Consistent with this view, Jurkat cells treated with CK2 

inhibitors resulted in severely reduced concentrations of pPKB, similar to those detected in the 

WHCO3 cell line
439

.  

 

    

 

Figure 2.14: Schematic diagram illustrating the role of wt and mtp53chematic diagram 
illustrating the role of wt and mtp53 in the contribution of acquiring LY29 
resistance and susceptibility. Cells with wtp53 are still able to attenuate the 
positive regulation CK2 has on PKB, whereas this attenuation is abrogated in cells 
harbouring mtp53. 

 

 

These results also reveal that PKB plays a small role in the Ser9 phosphorylation, and thus 

inhibition of GSK3β (see Fig. 2.13). This is especially noted in the WHCO3 cell line, where 

pPKB is undetectable, yet a significant drop in Ser9 phosphorylation levels of GSK3β following 

PI3K inhibition was observed. Our interpretation is on par with recent work by Maher, et al.
442

, 

who were unable to link the activity of PKB to the Ser9 phosphorylation of GSK3β. In addition 

to PKB, the Ser9 phosphorylation of GSK3β has been shown to be under the regulation of 

another PI3K-dependent kinase, the integrin-linked kinase (ILK)
443

.  However, there appears to 

be insufficient data to support this view, and so it is suggested to occur in certain cells only
444

.  

Since GSK3β can also be negatively regulated by the Wnt signalling pathway
201

, it was 

suggested that ILK inhibits the ―Wnt-regulated‖ and not the ―PKB-regulated‖ pools of 

GSK3β
445

. Evidence is emerging, that under conditions of low PKB activity, the S6 kinase is 

responsible for the Ser9 phosphorylation of GSK3β
361

. Nonetheless, seeing as great discrepancy 

exists on the regulation of GSK3β Ser9 phosphorylation, and even though the scope of this study 

does not include GSK3β, the data presented in this study indicate that HOSCC represents a 

perfect model for studying novel mechanisms for such a regulation. 

 

wtp53 

PKB CK2 

mtp53 

PKB CK2 
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The PI3K and PKB antagonist, PTEN, is regarded as a quasi-sufficient protein, and therefore any 

small change in its concentration is sufficient to elicit a cellular response
446

. Negative regulation 

of PTEN stability, and thus expression, by cellular PIP3 levels is well documented
447, 448

.  Since 

the down-regulation in pPKB could easily be attributable to a rise in the concentration of PTEN, 

the levels of PTEN following PI3K inhibition was included as a measure of control for this. 

Here, it was shown that PTEN increased only in the WHCO5 and WHCO6 HOSCC cell lines 

(see Fig. 2.13C). The fact that the concentration of pPKB was not completely down-regulated 

despite the rise in PTEN levels in the WHCO5 cell line, verifies that LY29, and not PTEN, 

contributed to the down-regulation in pPKB observed. 

 

Together, the role played by PI3K in the activation of PKB and GSK3β in 5 moderately 

differentiated HOSCC cell lines was compared to the mtPIK3CA status in the MCF7 (E454K) 

and HT29 (P449T) cell lines. A positive relationship between the membrane localization and 

activation of PI3K (pPKB levels) was disclosed in the WHCO1 and WHCO6 HOSCC cell lines. 

The results presented in this chapter also point to a role for CK2 in the regulation of PI3K 

activity through its regulation and maintenance of PKB Ser473 phosphorylation in the SNO cell 

line specifically. An important feature of these observations is the potential implications for an 

abrogated levels of pPKB in the WHCO3 cell line. The observations in this chapter were devoid 

of any mutations within the p85α transcript.  Furthermore, our study also shows that levels of 

p85α protein are high in HOSCC cells. Finally, these data unveil that PKB-independent but 

PI3K-dependent is the preferred mechanism for the Ser9 phosphorylation of GSK3β in HOSCC 

cells.  

 

This data has set the precedence for further exploring the role played by the PI3K signalling 

pathway in HOSCC. Accordingly, the following chapters will attempt to understand a number of 

underlining mechanisms that are central for a part played by this pathway in cancer, but are 

unknown in the WHCO and SNO HOSCC series.  
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Chapter 3 
PI3K activation in relation to the 

status of 
EGFR expression 

 

3.1 Introduction 

Inappropriate activation of the PI3K pro-survival signalling pathway is one of the hallmarks of a 

deregulated intracellular signalling network that enables the survival of many cancer cells
449

. The 

EGFR and PTEN are major upstream activators, and inhibitors, of the PI3K signalling pathway 

respectively
450,

 
451

. Evidence in the literature has clearly linked this unscheduled activation to 

mutations and/or overexpression within PI3K, PTEN, EGFR, or the downstream effector, 

PKB
452, 453, 454,

 
455

. This is of particular significance to the up-regulated levels of EGFR exhibited 

by the 5 HOSCC cell lines under investigation in this study
332

. The focus here will be on the 

EGFR levels with respect to the PI3K signalling pathway, since aberrations within the PTEN 

gene have been demonstrated to be an extremely rare event in HOSCC
456, 457

. 

 

EGFR is an ubiquitous RTK belonging to the ErbB family
17, 136

, which are frequently (43-89%) 

expressed as oncogenes in oesophageal cancer
137

.  The signal transducing capability of the ErbB 

family is inactive when receptors are in isolation, and therefore it is the dimerization that enables 

effective signal transmission
138

. The EGFR/HER2 heterodimer is most well-studied in terms of 

their contributions towards cell proliferation and tumorigenesis
458, 459

. Ligand binding to the N-

terminal cyteine-rich extracellular domain of EGFR induces receptor homo-and hetero-

dimerization, activation of its kinase domain and subsequent autophosphorylation of specific 

tyrosine residues on its cytoplasmic tail, resulting in the downstream activation of the MAPK, 

JNK, JAK/STAT, and PI3K signalling pathways. Cellular transformation in breast and 

oesophageal carcinoma is frequently coupled to mutations within the extracellular/intracellular 

domain of the EGFR, gene amplifications or protein overexpression
232, 460, 461

.  Although these 

indicators for oncogenic transformation through the EGFR are consistent; based on the initiation 

and consequent maintenance of the transformed phenotype, which is limited to the tissue from 

whence it originates; the proclivity for distinct pathway activation by the EGFR in these tumours 

is still a matter of grave uncertainty. The ligand affinities of EGFR determine the particular 

downstream pathway scheduled for activation
155

. Relevantly, it was recently shown that 
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stimulation of the low affinity receptors is specific for the activation of the PI3K pathway
157

. In 

fact, it is the low-affinity EGFRs that were found overexpressed in the WHCO and SNO 

HOSCC series
332

 suggesting that activation of the PI3K pathway in HOSCC cells should be 

highly responsive to EGFR activation. 

 

In the absence of EGFR overexpression or activation, a mutual inhibitory relationship exists 

between the p85α regulatory and p110α catalytic subunits of PI3K, ensuring that its activation 

exclusively occurs in the presence of external stimuli. While the nSH2 domain of p85α acts as a 

tethering site for p110α activation by allosteric binding interactions with its C2 and p85α-

binding or ABD, p110α phosphorylates p85α on its Ser608 residue, preventing its binding to the 

EGFR
60, 65

 (see Fig. 3.1 for an illustration). It is only upon tyrosine phosphorylation of p85α 

induced by EGFR activation at the membrane, that this mutual inhibition between these two 

subunits is alleviated, resulting in PI3K activation (Fig. 3.1). 

 

 

 

Figure 3.1: EGFR signalling through activation of the PI3K pathway.  As highlighted within the 
text and shown in the figure, when EGFR is inactive, the PI3K heterodimer 
(p85α/p110α) is localized within the cytoplasm. However, ligand binding (EGF) to 
the EGFR, induces its homo/heterodimerization to EGFR or HER/ErbB2, resulting in 
the phosphorylation of its cytoplasmic tail, leading to its activation. This in turn, 
induces the concomitant membrane recruitment and activation of PI3K by 
alleviating the mutual inhibitory association that exists between the p85α and 
p110α PI3K subunits.  
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In addition to the p85α truncation (addressed in the former Chapter 2, Section 2.1), constitutive 

activation of PI3K is known to arise from somatic mutations within the gene transcribing the 

p110α catalytic subunit (PIK3CA)
462

. There are two mutational ―hotspots‖ and two weak PI3K-

activating mutations within PIK3CA that are commonly associated with the oncogenic state of a 

wide variety of cancers
463, 464, 465,

 
466

. These are primarily found within the p85α-binding domain 

(R38H, E53K), C2 domain (V344M, C420R), helical domain (E454K, E542K), and the kinase 

domain (H1047R), each transcribed by exon 1, exon 4, exon 9, and exon 20 respectively.  

 

Generally, cells that overexpress EGFR are known to possess a membrane-biased localization, 

tyrosine phosphorylation, and thus activation of its downstream proteins
467

. As detailed in the 

previous chapter (Chapter 2, Section 2.3.3), PI3K is indeed active in four (WHCO1, WHCO5, 

WHCO6, and SNO) of the HOSCC cell lines, evidenced by its membrane localization and pPKB 

detection. Furthermore, it was also disclosed that levels of pPKB are negligible in the WHCO3 

cell line, and was therefore suggested that this could be a product of mutations within PKB. The 

PKB protein is comprised of a PH and catalytic domain flanked by a linker and regulatory 

domain (see Fig. 3.2A). As highlighted previously, the PH domain is central to the activation of 

PKB via PIP3 at the membrane
355

. Once localized to the membrane, the active confirmation of 

PKB is now free to be phosphorylated by PDK1 on its Thr308 residue that eventually leads to its 

full activation via the mTORC2-mediated phosphorylation on its Ser473 residue (see 

demonstration in Fig. 3.2B). Central to the Ser473 phosphorylation, and activation of PKB, is the 

Lys179 residue, situated in the Linker domain, in close proximity to the ATP-binding site. The 

importance of this residue was confirmed by a study performed by Polakiewicz, et al.
414

, who 

demonstrated that, when Lys179 was mutated to Alanine, the Ser473 phosphorylation of PKB 

was prohibited, giving rise to a ―kinase-dead‖ PKB. Amplification of PKB has been discovered 

in a subset of breast and ovarian cancers
468, 469

, also, a novel PKB oncogenic mutation in its PH 

domain  (E17K) has been identified, and suggested to enhance PKB-membrane interactions, 

conducive for its activation
,253, 250, 464, 470

. Since pPKB was found localized to the membrane in 

the WHCO5, WHCO6, and SNO HOSCC cell lines in the absence of exogenous stimulation 

(Chapter 2, Section 2.3.6), obviated the need to explore the existence of such a mutation. 
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A) 

            

 

B) 

 

 

Figure 3.2: Schematic representation of the domain structure and activation mechanism of 
PKB.  A) Domain structure of PKB highlighting the essential catalytic residues and 
“hotspot” mutations. The PH domain responsible for phosphoinositide-binding 
contains the “hotspot” E17K mutation, enabling constitutive PKB membrane-
binding and activation, and is situated at the N-terminal. The Linker domain, which 
is part of the catalytic domain, contains the essential Lys179 that catalyzes the 
phosphate transfer from ATP to the Thr308 and Ser473 residues situated in the 
catalytic (Thr308), and regulatory or hydrophobic motif (Ser473)174. B) EGFR 
activation at the membrane by its ligand activates PI3K which produces PIP3, 
needed for PDK1 activation, and PKB membrane recruitment. The PH domain of PKB 
binds to PIP3, inducing an active conformation that makes Thr308 more available 
for phosphorylation by PDK1. Thr308 phosphorylation of PKB in turn primes it for its 
Ser473 phosphorylation by the mTORC2 complex, resulting in its full activation. 
Images created using CorelDRAW version 12® (A), and Pathway Builder Tool Version 
2.0 (B) respectively. 
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The aim for this component of this study was to provide some rationale for the low and absent 

levels of pPKB established in the previous chapter. First we considered the possibility of 

mutations within PIK3CA and PKB that could account for the membrane localized and active 

PI3K in the four HOSCC cell lines, and the lack thereof in the WHCO3 cell line. As the specific 

downstream events governed by up-regulated EGFR levels in cancer are still a major 

anomaly
471,472

; our second goal was also to understand how this overexpressed EGFR status 

within these 5 HOSCC cell lines impacts the PI3K signalling pathway. Previous studies that have 

reported resistance to LY29; similar to what was observed in the WHCO5 and SNO HOSCC cell 

lines (Chapter 2, Section 2.3.8), strongly linked this acquired resistance to overexpressed 

ErbB2
434, 435

. Finally, this chapter sought to clarify the relationship between the overexpressed 

EGFR and resistance to LY29 featured in the respective HOSCC cell lines.  
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3.2 Materials and Methods 

 

3.2.1 Cell lines and Culture 

As previously described, see Chapter 2, Section 2.2.1.  

 

3.2.2 Antibodies 

Rabbit polyclonal antibodies used for immunoblot analysis; anti-PI3 Kinase (p85α) antibody 

(Upstate Biotechnology), anti-β-Actin (Sigma), and anti-c-Jun (Santa Cruz Biotechnology). 

Mouse monoclonal antibodies used for immunoblot analysis were the anti-E-cadherin (RD 

science), anti-phosphoserine (Sigma) and the anti-ErbB2, also referred to as anti-Neu (Santa 

Cruz Biotechnology). The rabbit polyclonal anti-Phospho-Akt (Ser473) (Cell Signalling 

Technology), was used to detect PKB/AKT when phosphorylated at Ser473 specifically. The 

rabbit polyclonal anti-rabbit PI 3-kinase p85 (Santa Cruz Biotechnology), directed against 

the N-terminal of p85, was used for immunofluorescent detection. The secondary antibody, 

HRP-bound goat- anti-rabbit IgG (Sigma), was used for the specific detection of all rabbit 

polyclonal antibodies for immunoblotting, whereas detection of all monoclonal primary 

antibodies were specifically detected using the anti-mouse IgG (Fab Specific) peroxidase 

conjugate secondary antibody. The fluoroscine isothiocyanate FITC-conjugated-goat-anti-

rabbit (Chappel, USA) antibody was used for the specific detection of rabbit polyclonal 

antibodies used during immunoflourescent reactions.  

 

3.2.3 EGFR Activation through EGF Treatment  

Cells reaching 60% confluence (see Chapter 2, Section 2.2.1), were incubated under serum 

conditions in 10 ng/ml EGF (Sigma) for periods of 0.5, 1, 3, 6, 9, and 12 hours (hrs) at 37 ºC 

at the appropriate CO2 level. This was done alongside an untreated dish, serving as a control. 

The 10 ng/ml EGF concentration used in this study was chosen on the basis of four factors; 

the EGFR is known to be active for a maximum of 24 hrs
473,

 
474

; and low concentrations of 

EGF is specific for the activation of the PI3K pathway
157

. 

 

3.2.4 Whole cell protein extraction 

Following exposure to EGF as outlined above, whole cell protein extractions were carried out 

as detailed in Chapter 2, Section 2.2.5. 
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3.2.5 Nuclear Extraction 

Following the optimum EGF exposure obtained from an average of three independent 

experiments, nuclear protein extractions were performed as described in Chapter 2, Section 

2.2.6. 

 

3.2.6 Plasma Membrane Extraction 

Following the optimum EGF exposure obtained from an average of three independent 

experiments, nuclear protein extractions were performed as described in Chapter 2, Section 

2.2.7. 

 

3.2.7 Plasma membrane enriched extraction used for Immunoprecipitation reactions  

A Triton X-100 extraction protocol was performed specifically for the immunoprecipitation 

reactions; as it has been shown previously to preserve protein-protein interactions, as well as 

membrane and cytoplasmic associated proteins
475

. Following the optimum EGF exposure 

obtained from an average of the three independent experiments, tissue culture medium 

obtained from both EGF-treated and untreated cells reaching was aspirated, and the cells were 

washed twice in PBS and once in PBS/Trazylol/PMSF (Appendix A 1.5.3.1), before 

transferring them to a fresh Eppendorf tube.  Sequentially, the cells were centrifuged at 1200 

X g for 3 mins in the TOMY Capsule HF-120 bench top centrifuge. The supernatant was 

discarded, and the pellet was allowed to resuspend on ice for 2 hrs in 100 l membrane 

extraction buffer (see Appendix B 2.1.1), accompanied by gentle tapping every 15 mins.  

Thereafter, samples were centrifuged at 12 000 X g at 4 C in the Eppendorf Centrifuge 5413, 

for 10 mins and the consequent supernatant (membrane fraction), was transferred into a fresh 

Eppendorf and stored at -20 C prior to investigation. 

 

3.2.8 Protein Estimation 

The protein concentration was estimated as detailed in Chapter 2 (Section 2.2.8) on whole 

cell, nuclear, membrane and Triton-X-100 based extractions described above; see Appendix A 

1.6.6 for a representative standard curve. 

 

3.2.9 Polypeptide Resolution and Western Immunoblotting 

25 μg of EGF-treated and untreated protein from each cell line obtained from the various 

extractions (whole cell, nuclear, and membrane) was prepared and separated by 10% SDS-

PAGE, and immunoblotted for PI3K (p85α), β-actin, c-Jun, and pPKB as detailed in Chapter 

2, Section 2.2.9. Following the procedure described in Chapter 2, Section 2.2.9, the bands 
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from the treated and untreated membrane extracts were probed with the mouse monoclonal 

anti-E-cadherin antibody (1:100) for 3 hrs, and thereafter incubated for 1 hr in the HRP-bound 

anti-mouse IgG for the specific detection of E-cadherin. Note: The membrane lysates were 

denatured before loading by adding an equal amount of single lysis buffer, boiled for 5 mins 

and centrifuged for 3 secs in the TOMY Capsule HF-120 bench top centrifuge.   

 

3.2.10 Indirect Immunoflourescence Microscopy 

Both EGF-treated and untreated cells were grown to 60% confluence, prepared and stained 

for PI3K (p85) according to the procedure outlined in Chapter 2, Section 2.2.10.  

 

In addition to PI3K (p85), the cellular distribution of β-actin in the presence of EGF was 

used as a comparison against PI3K (p85) localization, ensuring the specificity of the changes 

induced by EGFR activation. Similar to p85, staining for β-actin entailed 1 hour incubation 

in primary anti- β-actin rabbit polyclonal antibody (Sigma) at 1:100 dilutions, while its 

detection was made possible through 1 hour incubation in the FITC-goat-anti-rabbit antibody 

(Chappel, USA) at 1:100 dilutions. Where necessary, immunofluorescent microscopy images 

were sharpened using Adobe Photoshop to enhance their clarity. Note: All 

immunofluorescence assays were repeated three times, and a negative control was performed 

for each cell line.  

 

3.2.11 Co-immunoprecipitation analysis of EGFR and PI3K 

Following the optimum EGF exposure obtained; membrane-associated protein extractions 

were performed as described above (3.2.7) on both EGF-treated and untreated cells. Lysates 

containing 300 g of protein from each cell line were incubated in 4 l (1:125) of the mouse 

monoclonal anti-ErbB2/Neu primary anti-body (Santa Cruz Biotechnology) made up to a total 

volume of 500 l with IP (immunoprecipitation) buffer (Appendix B 2.1.2) on a rotor at 4 C 

overnight, enabling the formation of antigen (and proteins it interacts with)-antibody 

complexes.  The following day, these complexes were captured by Protein G sepharose beads 

(Amersham, SA) that were initially washed in 1 ml IP buffer and centrifuged at 12 000 X g 

for 30 secs in the SORVALL® MC 12V centrifuge. The supernatant was aspirated and 

procedure repeated twice.  After the final wash, 30 l of the Protein G sepharose beads was 

transferred to each of the protein-antibody complexes and incubated overnight on a rotor at 4 

C.  Thereafter, the samples were centrifuged at 12 000 X g in the SORVAL for 30 secs and 

the supernatant removed.  700 l of IP buffer was added to the pellet (containing EGFR and 
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associated proteins complexed to the Protein G sepharose beads) and centrifuged as 

described.  The washing procedure was done twice and after the final wash, 50 l of single 

lysis buffer (Appendix A 1.5.1) was gently mixed with the beads and boiled for 5 mins, 

allowing cleavage of ErbB2 and its associated proteins from the agarose beads. Subsequently, 

the samples were centrifuged at 12 000 X g at 4 C for 10 mins and the supernatants reserved 

for western blot analysis described above.  

 

3.2.12 Co-immunoprecipitation analysis of serine phosphorylated PI3K 

Similarly, 300 g (from each cell line) of EGF-treated and untreated membrane-associated 

protein lysates, was incubated on a rotor at 4 C overnight in 4 l (1:125) of the mouse 

monoclonal anti-phosphoserine antibody (Sigma) diluted in 500 l IP buffer.  Thereafter the 

protocol was carried out as detailed above (see 3.2.11).  

 

3.2.13 Genomic DNA Extraction 

According to Samuels, et al.
465

, genomic DNA is used to detect mutations within the PIK3CA 

gene. Genomic DNA was extracted from 5 x 10
6
 cells using the DNeasy Tissue Kit (50) 

(Qiagen), according to the manufacturer‘s instructions. The DNeasy extraction is a simple 

procedure that enables the extraction of high-quality DNA without organic extraction or 

ethanol precipitation, by direct DNA binding to the DNeasy membrane. The recovery of DNA 

was assessed on a 0.5% agarose gel. 

 

3.2.14 PCR 

The presence of ―hotspot‖ mutations present within the PIK3CA gene (NM_006218.2 for 

mRNA and NW_001838884 for genomic DNA) was evaluated using the following 

universally used and published primers
476

: see Appendix B 2.3 for detailed description of 

region amplified for each exon.  

Region 
Amplified: FW: RW: 

EXON 1 5'- CTCCACGACCATCATCAGG -3'  5'-GATTACGAAGGTATTGGTTTAGACAG-3'  

EXON 9 5'-GATTGGTTCTTTCCTGTCTCTG-3' 5’-CCACAAATATCAATTTACAACCATTG-3’  

EXON 4A 5'-TCTTGTGCTTCAACGTAAATCC-3' 5'-CGGAGATTTGGATGTTCTCC-3' 

EXON 4B 5'-TCTCAACTGCCAATGGACTG-3' 5'-CGGAGATTTGGATGTTCTCC-3' 

EXON 20 5'-TGGGGTAAAGGGAATCAAAAG-3' 5'-CCTATGCAATCGGTCTTTGC-3' 

 

The same PCR conditions were used for all five exons. Thermal cycle conditions included an 

initial heating at 95 °C for 10 mins, followed by 32 cycles of; denaturation at 95 °C for 10 

mins, annealing at 54 °C for 1 min, extension at 72 °C for 1 min, followed by a final 
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elongation at 72 °C for 10 mins. The breast MCF7 and colon HT29 cell lines bear the 

common exon 9 (E454K) and exon 20 (P337T) mutations, and thus served as controls for 

sequencing analysis of these two regions specifically. Two forwards primers were used for the 

PCR amplification of the C2 domain (exon 4), as there is a splice site within the genomic 

sequence of exon 4
465

. PCR fragments were visualized on a 1% agarose gel, and sent to 

Inqaba Biotech® for sequencing. Representative sequence traces can be viewed in Appendix 

B 2.6. 

 

3.2.15 Total RNA extraction 

As detailed in Chapter 2, Section 2.2.2. 

 

3.2.16 Amplification of PKB1 by RT-PCR 

 

3.2.16.1 Reverse Transcription 

As detailed in Chapter 2, Section 2.2.3.1 

 

3.2.16.2 PCR 

PCR was carried out as detailed in Chapter 2, Section 2.2.3.2. Primers for PKB 

(NM_005163.2) were designed to specifically amplify the PH domain, Linker domain, and 

two regions on the Catalytic domain (Thr308 and Ser473), using the web-based interactive 

primer design program, Primer3 (see Appendix B 2.3 for primer design and sequence 

analysis). The primers used were as follows:  

 

 

 

 

 

 

The same PCR conditions were used for all four exons. Thermal cycle conditions included 

an initial heating at 95 °C for 5 mins, followed by 32 cycles of; denaturation at 95 °C for 

45 secs, annealing at 56 °C for 1 min, extension at 72 °C for 1 min, followed by a final 

elongation at 72 °C for 10 mins. PCR fragments were visualized on a 1% agarose gel, and 

sent to Inqaba Biotech® for sequencing. Representative sequence traces can be viewed in 

Appendix B 2.8. 

 

Region 
Amplified: FW: RW: 

PH Domain 5'-GGCTCTGGACTCCCGTTT-3' 5'-AAGGTGCGTTCGATGACAGT-3' 

Linker 
Domain 5'-ATCCAGACTGTGGCTGACG-3' 5'-TTGGCGTACTCCATGACAAA-3' 

Ser473 5’-GACGCCAAGGAGATCATGCAG-3’ 5’-GGCTTCTCTCAAATGCACCCG-3’ 

Thr308 5'-CGAGCTGTTCTTCCACCTGT-3' 5'-CTTCTTGAGCAGCCCTGAAA-3' 
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3.2.17 Densitometry 

Labworks TM Image Acquisition and Analysis software (Labworks version 4.5) was used 

for densitometric analysis to semi-quantitatively determine the concentration level of PI3K 

(p85α), and pPKB detected through western blotting. Note: The densitometric results are 

an average of three independent experiments and expressed as a percentage relative to the 

maximum. 

 

3.2.18 Image Capturing 

All western blot and SDS-PAGE images were captured on a Hewlard Packard Scanjet 

4400c series scanner at 300dpi, contrast and brightness of all images were standardised 

using CorelDRAW version 12®. 

 

3.2.19 Statistical Analysis 

Statistical analysis results are inclusive of at least three independent experiments (mean ± 

S.D). P-values are given in the figure legends, and values of P > 0.05 were considered not 

to be significant. Statistical analyses were performed using Student‘s paired t test and One 

Way Repeated Measures Analysis of Variance (Holm-Sidak Method). All calculations of 

statistical computations were carried out using the SigmaPlot Release 11.0® statistical 

software. Note: Based on the fact that statistical analysis requires a minimum of three 

independent experiments, an example of the three blots for the figures in this chapter was 

chosen (i.e. nothing is gained by showing all three). 

 

 

3.2.20 Figure Design 

All schematic diagrams were designed using the Pathway Builder Tool version 2.0, unless 

otherwise stipulated. 
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3.3 Results 

 

3.3.1 EGFR activation effects the expression of PI3K (p85α) in HOSCC cells. 

 

The activational state of the PI3K/PKB signalling pathway in HOSCC has been established in 

the previous chapter. These cell lines all overexpress the EGFR, albeit to unique levels
332

. The 

influence of these overexpressed EGFR levels on the PI3K/PKB pathway was investigated by 

activating the EGFR through exposure to EGF. Under standard tissue culture conditions, 

PI3K (p85α) protein levels were increased significantly (P<0.001) in response to EGFR 

activation at 0.5 and 1 hr in the WHCO1, WHCO6, and SNO HOSCC cell lines respectively 

(shown in Fig. 3.3). This result is consistent with the significant increase in the concentration 

of PI3K (p85α) protein illustrated in the control MCF7 (P<0.001) and HT29 (P<0.004) cell 

lines following EGFR activation at 0.5 hrs. For the sake of clarity two line graphs are 

provided. The first allows us to unequivocally analyse the statistical significance of PI3K 

(p85α) expression (Fig. 3.3B), and the second merely mimics the graphical representation of 

these changes to ensure visual simplicity (Fig. 3.3C). No significant change in PI3K (p85α) 

was demonstrated in the WHCO3 cell line, while the WHCO1, WHCO5, and SNO cell lines 

showed a significant (P<0.001) drop in the concentration of PI3K (p85α) consequent to EGFR 

activation at 12 hrs (Fig. 3.3). 

 

3.3.2 PI3K (p85α) localizes to the membrane in response to EGFR activation.  

 

To elucidate whether the membrane localization of PI3K (p85α) was influenced by EGFR 

activation; the activation of EGFR was induced by exposing cells to EGF for 0.5 hrs. 

Consistent with the increase observed following EGFR activation above (see Fig. 3.3), PI3K 

(p85α) staining conferred a more prominent membrane distribution in the WHCO1, WHCO5, 

WHCO6 and SNO HOSCC cell lines exclusively (shown in Fig. 3.4, blue arrows). This was 

identified by PI3K (p85α) differentiating from a faint peri-nuclear, limited cytoplasmic and 

nuclear localization to a highly membranous location. Interestingly, PI3K (p85α) exhibited a 

greater cytoplasmic staining upon EGFR activation in the WHCO6 and SNO cell lines as 

opposed to the more diffuse cytoplasmic localization in the remaining cell lines. Whereas this 

increase was evident, membrane localization of PI3K (p85α) was still found in the HOSCC 

cell lines in the absence of EGFR activation (Fig. 3.4). This is consistent with the HT29 and 

MCF7 cell lines, that maintained their membrane and nuclear PI3K (p85α) localization 
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following EGFR activation (Fig. 3.4), suggesting that the EGFR overexpressed state in these 

HOSCC cell lines is insufficient to maintain the observed membrane-biased PI3K.  

 

3.3.3 Nuclear and membrane levels of PI3K (p85α) as a result of EGFR activation.  

 

To quantify the observed nuclear and membrane staining for PI3K (p85α) following EGFR 

activation (Fig. 3.4), western blot analysis was performed on plasma membrane-specific and 

nuclear-specific extracts consequent to a 0.5 hr EGF exposure. Western blot analysis 

confirmed a significant (P<0.05) increase in the plasma membrane expression of PI3K (p85α) 

subsequent to EGFR activation in the WHCO1, WHCO5, and SNO HOSCC cell lines 

respectively (demonstrated in Fig. 3.5). PI3K (p85α) at the plasma membrane in the 

remaining two cell lines (WHCO3 and WHCO5) were unchanged post EGFR activation. 

Furthermore, most of the HOSCC cell lines, excluding the WHCO5 cell line, displayed a 

clear drop in the nuclear levels of PI3K (p85α) as a result of EGFR stimulation. As indicated 

in Fig. 3.5, the concentration of PI3K (p85α) increased in the nucleus of the WHCO5 cell 

line; corroborating with the visual evidence shown above (Fig. 3.4). 
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 A) 

 

 

Figure 3. 3 A): EGF modulates the protein expression of PI3K (p85α) subsequent to activation 
of the EGFR. The 5 HOSCC cell lines, along with the MCF7 and HT29 control cells 
were treated with 10 ng/ml of EGF for intervals of 0.5, 1, 3, 6, 9, and 12 hrs (see 
Appendix A 1.6.6 and 1.7.5 for standard curve and 10% SDS-PAGE). Western blot 
analysis revealed the protein expression of PI3K (p85α) consequent to EGF 
exposure, detected at 85kDa. β-actin was used as a loading control. Results 
shown are representative of three independent experiments. 
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B) 

 

C) 

 

 
Figure 3.3 B) and C): Line graph of densitometric analysis of the western blot detection of 

PI3K (p85α), showing statistical analysis of the significant increase in its 
levels following 0.5 and 1 hr activation of EGFR (B). Note: Results 
represent mean ± S.D. from the three separate experiments, 
*significantly different from control, P<0.05. C) Bar graph, excluding 
the statistical analysis used for the biological comparison of PI3K 
(p85α) expression following EGFR activation. See Appendix B 2.2, Table 
B1 for statistical analysis. 

 

* 

* 
* 
* 
* 
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  A)  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

B) 
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82 

 

C) 

 

D) 
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E) 

 

F) 
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G) 

 

 

 

Figure 3.4: Three of the HOSCC cell lines display a more pronounced PI3K (p85α) 
membrane and nuclear localization subsequent to EGFR activation post 0.5 hr 
EGF stimulation. Immunoflourescent detection of the cellular localization of 
p85α in EGF-treated (+EGF) and untreated (-EGF) HOSCC cells (A-E), and the 
MCF7 (F) and HT29 (G) control cell lines. Membrane-specific (blue arrow) and 
possible nuclear staining (purple arrow) highlighted, and to a lesser degree, 
cytoplasmic staining can also be observed. Similarly, β-actin expression was 
detected to ensure that any changes in p85α localization consequent to EGF 
treatment are unique.  Under equivalent conditions, little or no staining was 
detected in the negative control, indicative of staining specificity.  Bar 
column=25μm. 
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A) 

 

 
 

 

 

Figure3. 5: Active EGFR modulates the nuclear and membrane expression of PI3K (p85α). A) 
EGFR activation influenced the membrane expression of p85α, whereas the overall 
nuclear levels of p85α were down-regulated (see Appendix A 1.6.6 and 1.7.5 for 
standard curve and 10% SDS-PAGE). β-actin was used as a loading control. The 
integrity of the nuclear and membrane extracts were assessed through the western 
blot detection of c-Jun and E-cadherin respectively.  
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B) 

      

 
 

 

Figure 3.5 B): Bar graph of densitometric analysis of the nuclear and membrane western blot 
detection of PI3K (p85α), showing a significant increase in its membrane levels 
in the WHCO1 (P=0.005), WHCO5 (P=0.035), and SNO (P=0.036) HOSCC cell 
lines following a 0.5 hr activation of EGFR. Note: Experiments were performed 
three times for PI3K (p85α) detection mean ± S.D. from the three separate 
experiments, *significantly different from control, P<0.05. Therefore results 
represent mean S.E. from the three separate experiments. See Appendix B, 
Table B2 for statistical analysis. 

 

 

 

 

3.3.4 The state of PI3K (p85α) serine phosphorylation and its association with ErbB2.  

 

In quiescent or unstimulated cells, little or no association exists between p85α and the 

EGFR
70

. Additionally, the Ser608 phosphorylation of p85α mediated by the catalytic p110α 

subunit of PI3K keeps it in an inactive state, which is only alleviated upon binding to the 

EGFR
61
. On the basis that PI3K (p85α) was shown localized to the plasma membrane, which 

was also significantly enhanced in response to EGFR activation (see Fig. 3.4 and Fig. 3.5), the 

effect that EGFR activation has on the plasma membrane activities of PI3K (p85α) in HOSCC 

cells was investigated through assessment of its overall serine phosphorylation status and 

association to the EGFR. The affinity between PI3K (p85α) and ErbB2 was used as a marker 

for its corresponding association to the EGFR, since complete activation of the EGFR is not 

possible without ErbB2
477

. 

 
N

e

 

* 

* 
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As can be seen in Fig. 3.6, in the absence of EGF stimulation, PI3K (p85α) is weakly 

associated to the ErbB2 in the majority of the HOSCC cell lines, while a strong association 

was evident in the WHCO6 cell line. This association was augmented upon EGFR activation 

in the WHCO5 and SNO cell lines. No increase in the association between PI3K (p85α) and 

ErbB2 was seen post EGFR activation in the WHCO1 and WHCO3 HOSCC cell lines. 

Consistent with their ErbB2-null status, PI3K (p85α) was not found associated with ErbB2 in 

the MCF7
478

 and HT29
479

 cell lines (Fig. 3.6), confirming the specificity of this reaction. 

 

 

 

 
 

 

 

Figure 3. 6: EGFR activation has a minimal effect on its association to PI3K (p85α) in HOSCC 
cells. Immunoblot detection (IB) of PI3K (p85α) was identified in the ErbB2 
immunoprecipitates (IP) in the WHCO1, WHCO3, and WHCO6 HOSCC cell lines. This 
association was enhanced post EGFR activation in the WHCO5 and SNO HOSCC cell 
lines exclusively, while a decreased affiliation was detected in the WHCO1, WHCO3, 
and WHCO6 HOSCC cell lines. An equal amount of protein was immunoprecipiated 
and loaded (See Appendix A 1.6.6 for representative standard curve). No 
association between PI3K (p85α) and ErbB2 was identified in the ErbB2-null MCF7 
and HT29 control cell lines, affirming the specificity of the reaction. The presence of 
a band in the positive WHCO6 whole cell protein extract (C) confirms that the band 
detected at 85 kDa is indeed the p85α subunit of PI3K.  These experiments were 
executed purely for the detection and not strength of an ErbB2-p85α association, 
and therefore no quantifiable data was required.  
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Corresponding to its low ErbB2 association, stimulation of EGFR had no significant impact 

on the overall serine phosphorylation state of PI3K (p85α) (shown in Fig. 3.7). Consistent 

with its weakened association to the ErbB2 post EGFR activation in the WHCO3 cell line 

(see Fig. 3.6), PI3K (p85α) serine phosphorylation increased accordingly (Fig. 3.7). 

Surprisingly, no PI3K (p85α) serine phosphorylation was detected prior or subsequent to 

EGFR activation in the WHCO1 cell line (Fig. 3.7).  

 

 

 
 

 

Figure 3. 7: EGFR activation does not reduce the overall  serine phosphorylation status of 
PI3K (p85). Western immunoblot (IB) analysis of anti-phosphoserine 
immunoprecipitates (IP) verifies an uninterrupted overall serine 
phosphorylation state of PI3K (p85α) in the WHCO5, WHCO6, and SNO HOSCC 
cell lines post EGFR activation. Activation of EGFR enhanced p85α serine 
phosphorylation in the WHCO3 cell line exclusively. No serine phosphorylation 
was detected in the WHCO1 cell line. p85α was detected at 85 kDa with an IgG 
present at 60 kDa.  

 

 

 

3.3.5 Activation of the PI3K/PKB signalling pathway in relation to the EGFR expression 

status in HOSCC cells. 

 

The importance of PI3K in the Ser473 phosphorylation and activation of its downstream 

target, PKB, was established in the previous chapter (see Chapter 2, Section 2.3.7). It was also 

revealed that pPKB is greatly reduced in the WHCO3 cell line. Since these HOSCC cell lines 

are known to overexpress the EGFR, it became necessary to evaluate its influence on the 

pPKB status. To study the effect of EGFR overexpression, cells were exposed to EGF at 

various time intervals. EGFR activation induced a significant up-regulation in pPKB at 

unique intervals in the WHCO1 (75%) and WHCO5 (85%) cell lines respectively (P<0.0001, 

shown in Fig. 3.8), whereas its expression appeared to be unaltered in the WHCO6 and SNO 

HOSCC cell lines. For the sake of clarity, the results are presented in two line graphs. The 

first highlights the statistical analysis of pPKB expression levels and includes error bars (Fig. 
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3.8B). The second merely mimics the first such that changes and trends are highlighted (Fig. 

3.8C). Up-regulation in pPKB resulting from EGFR activation at 0.5, 1 and 3 hrs was 

obtained in the MCF7 and HT29 cell lines (P<0.0001, Fig. 3.8), even though low levels of 

EGFR are present within these lines
480, 481

. Surprisingly, no apparent increase in levels of 

pPKB following EGFR stimulation was evident in the WHCO3 cell line, despite it possessing 

an overexpressed EGFR and membrane localized PI3K (p85α) (see Fig. 3.2).  

 

3.3.6 Wild-type PIK3CA is expressed in HOSCC cells. 

 

Mutations within the gene transcribing the PI3K p110α catalytic subunit (PIK3CA) have been 

shown to abrogate the activation of PKB through EGFR, leading to its constitutive 

activation
239 and 245

. As highlighted previously, these activating mutations in the PIK3CA gene 

are clustered around exon 1 (p85α-binding domain), exon 4 (C2 Domain) exon 9 (helical 

domain), and exon 20 (kinase domain)
482

. We have demonstrated augmentation of the 

PI3K/PKB pathway following EGFR activation in the WHCO1 and WHCO5 HOSCC cell 

lines (see Fig. 3.8), whereas the remaining cell lines showed no apparent changes. These data 

prompted the investigation of the mutational status of PIK3CA. Furthermore, and although it 

has not been reported, this investigation should shed some light on whether the undetectable 

levels of pPKB in the WHCO3 cell line are attributable to inactivating mutations within the 

PIK3CA gene. To amplify the four mutational ―hotspot‖ regions, genomic DNA (Fig. 3.9) 

was used as a template for the PCR amplification. The presence of band at 420 bp and 450 bp 

are indicative of the successfully amplified fragments representing exon 1 and exon 9 

respectively (seen in Fig. 3.10). No mutations were found within exon 1 in all the 5 HOSCC 

cell lines (see Appendix B 2.5 for representative sequence trace). Making use of the known 

G1633A (E454K) mutation present in the MCF7 cell line
330

, absence of this mutation in the 5 

HOSCC cell lines was affirmed through sequence analysis; see Fig. 3.10C for a representative 

sequence trace. Amplification of exon 20 and the two splice variants from exon 4 (exon4 A 

and B) produced PCR fragment sizes of 550 bp, 350 bp, and 500 bp accordingly (see 

Appendix B 2.4, Fig. B4 for PCR gels). The absence of these ―hotspot‖ mutations in the 5 

HOSCC cell lines was confirmed through sequence analysis using the mutational-free state of 

both these exons present in the MCF7 cell line as a control; see Appendix B 2.5 for 

representative sequence traces. 
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A) 

 
 

 

Figure 3. 8: Activation of the EGFR through EGF exposure triggers activation of the 
PI3K/PKB signalling pathway in two of the HOSCC cell lines. A) HOSCC, HT29 
and MCF7 cells were treated with and without EGF for 0.5, 1, 3, 6, 9, and 12 hrs 
(see Appendix A 1.6.6 and 1.7.5 for standard curve and 10% SDS-PAGE). Western 
blotting was used to detect the Ser473 phosphorylation status of PKB (pPKB). β-
actin levels were used as a loading control. C is representative of the WHCO6 
whole cell lysate, used as a control for pPKB western blot detection in the 
WHCO3 cell line. 
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B)  

 

C) 

 

 

Figure 3.8 B) and C): The band representing pPKB in the western blot analysis was quantified 
through densitometry; see Appendix 2, Table 3.3 for statistical analysis 
(B). Activation of EGFR significantly upregulates pPKB levels in the 
WHCO1 (3 hrs and 9 hrs), WHCO5 (at each interval), HT29 (0.5-3 hrs), 
and the MCF7 (0.5 hrs) cell lines respectively. Results represent mean ± 
S.D. from the three separate experiments, *significantly different from 
control, P<0.05. C) Bar graph, excluding the statistical analysis used for 
the biological comparison of pPKB levels following EGFR activation. See 
Appendix B, Table B3 for statistical analysis. 

* 
* 

* 
* 
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Figure 3. 9: Genomic DNA was successfully extracted from the 5 HOSCC cell lines. Genomic 
DNA was extracted from HOSCC, MCF7 and HT29 cell lines as described under 
materials and methods. The presence of an intact, sheared-free band is 
indicative of a pure genomic DNA extraction at a molecular weight of 1 Kb (blue 
arrow). DNA Ladder= 100 bp Plus. Lanes1-7: WHCO1, WHCO3, WHCO5, WHCO6, 
SNO, MCF7 and HT29 respectively. 

 

 

3.3.7 Native PKB is present within HOSCC cells. 

 

Recent reports have identified transforming mutations present within the PKB gene 

(PKB1/AKT1) in particular types of cancers
255,483, 484, 485

. Since the 5 HOSCC cell lines 

express wtPIK3CA (see Section 3.3.6), it became a necessity to elucidate whether mutations 

within the gene transcribing its downstream effector, PKB1 are present. Unlike PIK3CA, no 

―hotspot‖ genetic mutations have been reported within the PKB1 gene. The four sites that are 

considered imperative for PKB activation and function were thus scrutinized. These are; the 

region transcribing the Ser473 and Thr308 active sites, combined with the essential Linker 

and PH domains that mediate the activation of the Ser473 and Thr308 sites
174, 179

. Moreover, 

the inability to detect pPKB has been linked to an alanine substitution at Ser473
486

. Therefore 

inspection of these sites may provide answers to the undetectable pPKB levels in the WHCO3 

cell line.  

 

Intact Genomic DNA at 1 Kb 
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The four regions of the PKB transcript were successfully amplified via RT-PCR (see Chapter 

2, Fig. 2.3). Amplicons give rise to PCR fragments sized 319 bp (Ser473), 450 bp (Thr308), 

650 bp (PH domain), and 450 bp (Linker domain) respectively (see Appendix B 2.6 for PCR 

gels). Using the wtPKB1 status previously established in the MCF7 cell line
487

, sequence 

analysis of these fragments confirmed that no mutations are present within the PKB1 

transcript in the 5 HOSCC cell lines (see Appendix B 2.7, Fig. B7 for representative sequence 

traces).  

 

 

  

 

 

  
 

        SNO                     MCF7 

 

 

Figure 3. 10: The E454K (G1633A) “hotspot” mutation is absent in HOSCC cells. Sequence 
chromatogram of exon 9 (helical domain) from the SNO and MCF7 cell lines, 
confirming the base change (G to A/R) previously shown within MCF7330, while 
demonstrating a mutant-free SNO, indicative of all the HOSCC cell lines 
examined through sequencing. Detection of the E454K (G1633R) mutation 
present within the MCF7 cell line confirms the specificity of the sequencing 
results in the representative chromatogram traces for exon 1, exon 4 and exon 
20 (see Appendix B 2.6). 

 

 

 

 

 

 

 

 

 

 

Normal Mutated 



94 

 

3.4 Discussion 

 

Signal transduction is a complex intracellular communication network enabling cells to respond 

effectively and specifically to various external stimuli that will ultimately determine their fate
488

. 

Unscheduled initiation of this intracellular communication network gives rise to unwanted 

cellular activity
489

. Spontaneous activation of the EGFR signalling network is a well-defined 

event that is pertinent to such catastrophic events in oesophageal cancer
490, 491, 492

. The level of 

EGFR expression is commonly associated with its transforming capabilities and has been 

correlated to the poor prognosis of numerous types of tumours
493,

 
494

.  Based on its inherent 

complexity, in HOSCC and most cancers, less is known regarding the downstream effects of 

EGFR overexpression, and in particular, its effects on the PI3K/PKB pathway. As aberrancies in 

the EGFR network are often found specific to tumour lineages
495

, a tumour specific analysis is 

required to understand them in different cell types. This is borne by the fact that depending on 

which ErbB receptors are associated at the time of initiation of the disease; the downstream 

activation of specific pathways will vary
496

. In this regard, the ErbB2/ErbB3 heterodimer was 

shown to be relevant for the maintenance of transformed head and neck squamous cell 

carcinoma cells (HNSCC) via activation of both the ERK and PI3K pathways
497

. Whereas 

prostate cancer (PC) cells are not reliant on signalling propagated from the ErbB1/ErbB2 

heterodimer
498

. Further, normal breast cells were demonstrated to maintain low levels of pPKB 

through the ErbB1/ErbB2 heterodimer
499

. Therefore, the specific effect that the EGFR 

overexpression status has on the PI3K/PKB pathway in the WHCO and SNO HOSCC series 

needs to be established.  

 

In several experimental systems, PKB has been shown to be the major mediator of PI3K 

signalling that is activated by Ser473 phosphorylation respectively
500, 501,

 
502

. Given the 

membrane p85α localization and the concentration of pPKB in the absence of EGFR stimulation 

in four of the HOSCC lines (Chapter 2, Section 2.3.3 and Section 2.3.5), strongly implicates the 

presence of a constitutively active PI3K in these lines. One of the factors that remain to be 

determined, is how activation of this pathway is maintained in the four HOSCC cell lines 

(WHCO1, WHCO5, WHCO6, and SNO), and how it is dismissed in the WHCO3 HOSCC cell 

line. The results produced, demonstrate that although EGFR activation had no major impact on 

the total cellular levels of PI3K (p85α), it modulates its activity, evidenced by the responsive 

pPKB levels. Now it is well established that PI3K (p85α) only translocates to the plasma 

membrane upon receptor stimulation, leading to its activation
72, 228

. Bearing in mind the 
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relatively strong to moderate PI3K (p85α) membrane expression already established in the 

HOSCC lines (Chapter 2, Section 2.3.3), indirect immunoflourescence revealed that the 

membrane localization of PI3K (p85α) was more prominent following EGFR activation in the 

WHCO5, WHCO6, and SNO HOSCC cell lines explicitly (see Fig. 3.4). These data strongly 

suggest that the overexpressed EGFR in these cell lines is indispensable for the affinity PI3K 

(p85α) has for the plasma membrane. Hence, no significant changes were observed in the 

presence of exogenous stimulation. These findings are corroborated by Yang, et al.
503

  who 

similarly showed no difference in the membrane; and in their case a combined cytoplasmic 

levels of p85α, subsequent to ligand stimulation in SKBR3 breast cancer cells.  They understood 

this to be the result of an inherently membrane bound PI3K (p85α). 

 

In addition to ErbB tyrosine receptor activation, the membrane localization of p85α could be 

consequential to at least three alternative mechanisms.  One such a mechanism would be through 

its association with α-actinin for cytoskeletal reorganization via its SH3 domain
504

. This 

membrane role of p85α was demonstrated in confluent NIH3T3 fibroblasts, which may be 

particularly relevant for the p85α localization observed here in the WHCO1, WHCO5, WHCO6, 

SNO, and MCF7 cell lines respectively (see Fig. 3.4). A second alternative could be a result of 

its active role in cell-cell adhesion through its association with E-cadherin and β-catenin at the 

membrane, which was demonstrated to be independent of its membrane recruitment in response 

to RTK activation
505

.  Observations made by Laprise et al.
506

, suggested that this localization 

contributed to the structural integrity of the E-cadherin cell adherens junctions in epithelial cells, 

confirmed by a lack thereof when treated with the PI3K inhibitor, LY29. Lastly, p85α may be 

localized to the membrane via its association with the integrins, through its regulation of cell-

extracellular matrix (C-ECM) adhesion
507

.  Its role in C-ECM adhesion was particularly evident 

in AtT20 mesenchymal cells, where the membrane recruitment of p85α was influenced upon 

ligation of the α8β1 integrin to its ligand, fibronectin
508

. During C-ECM adhesion, it was shown 

that the autophosphorylation of the focal adhesion kinase (FAK) at Tyr397 influenced by the 

integrins, is essential for the membrane recruitment and activation of PI3K through its p85α 

regulatory subunit
509

. Recently it was shown that elevated levels of Tyr397 phosphorylated FAK 

(pFAK) are present in the WHCO6 cell line, whereas no pFAK was evident in the WHCO1, 

WHCO3, WHCO5, and SNO HOSCC cell lines
510

. Therefore, the high pFAK in the WHCO6 

cell line is particularly relevant to its high pPKB levels established (see Chapter 2, Section 

2.3.5), and its p85α membrane localization. 

 



96 

 

The nuclear detection of PI3K (p85α) demonstrated in the 5 HOSCC cell lines (Chapter 2, 

Section 3.3.3 B), was suggested to be part of an autonomous nuclear inositol system distinct 

from the well-established membrane activated PI3K pathway
511, 512

, that may be relevant for the 

maintenance of their transformed state. Due to the extremely limited body of experimental 

evidence characterizing the nuclear levels of p85α in cells of epithelial origin
513

, it is not known 

whether these levels are EGF dependent, and/or acts in concert with or independently of the 

membrane stimulated p85α.  Therefore, the illustration that the nuclear levels of p85α were 

negatively affected in response to EGFR activation; predominantly observed in the WHCO1, 

WHCO3, WHCO6, and SNO HOSCC cell lines was of particular interest. Inconsistent with 

these data was the demonstration of enhanced nuclear levels of PI3K (p85α) in response to 

various exogenous stimulation in Hep2G, Saos-2 and MC3T3-E1 cells
400-402

 and in ErbB-

transfected NIH3T3 fibroblasts
514

. Here, only the WHCO5 cell line and HT29 control illustrated 

an up-regulation in nuclear p85α levels following EGFR activation. On the other hand, activation 

of the EGFR appears to completely abolish the nuclear p85α in the WHCO1 and SNO cell lines. 

Even though a separate nuclear PI3K pathway has been proposed by others
393

, the data presented 

here shows that it is largely influenced by its membrane activation status through the EGFR.  

 

Tyrosine phosphorylation of p85α is one of the well-known regulatory tools used to prepare 

PI3K for activation; through alleviation of its inhibition on p110α
515

.  Additionally, Ser608 

phosphorylation of p85α by p110α maintains a low activational state of PI3K that is 

simultaneously reduced upon tyrosine phosphorylation of p85α
61

. Once PI3K localizes to the 

membrane, this mutual inhibitory relationship is diminished through p85α binding to the 

activated EGFR. In this study, the PI3K (p85α) membrane expression was positively linked to its 

association with the EGFR via ErbB2, which was shown to be more pronounced in the presence 

of exogenous stimuli in the WHCO5 and SNO HOSCC cell lines specifically. The low 

intensities between the p85α-ErbB2 interactions detected across the 5 HOSCC cell lines; may be 

indicative of the numbers and/or availability of the ErbB receptors expressed within each cell 

line
332
. Based on these weak p85α-ErbB2 interactions, it was not surprising to note that the 

overall serine phosphorylation status of p85α was detected within the WHCO5, WHCO6, and 

SNO HOSCC cell lines specifically; since the p110α-mediated Ser608 phosphorylation on p85α 

abrogates it‘s binding to the EGFR. As the major Serine phosphorylation site on p85α is its 

Ser608 residue
64

, assessment of its overall serine phosphorylated state thus still offers the same 

level of confirmation, even though the specific Ser608 phosphorylation site of p85α was not 

evaluated here. This conclusion is consistent with a previous study that similarly illustrated 

enhancement in the overall serine phosphorylation levels of p85α following PDGF stimulation in 
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T cells
516

. The seemingly constant state of serine phorphorylation of p85α may explain the weak 

association between the p85α and ErbB2 shown in this study. Consistent with this explanation, is 

work performed by Kobayashi et al.
517

 who revealed that even though the PI3K pathway is 

activated by ErbB2, it is in fact, predominantly activated by the ErbB3 receptor. This influence 

was linked to the fact that even though adaptor proteins, such as Gab1, aid the affinity p85α 

acquires towards ErbB2, the ErbB2 still lacks the specific Tyr docking site imperative for a more 

efficient p85α-EGFR interaction
230

. Therefore, activation of PI3K by specific members of the 

ErbB family of receptors appears to be cell-type specific, and in the case of HOSCC cells, ErbB2 

weakly associates with PI3K (p85α). 

 

Following its membrane recruitment and EGFR association, PI3K induces the Ser473 

phosphorylation and activation of PKB via PIP3-mediated activation of PDK1 and the mTORC2 

complex
180, 189

. Here, it was illustrated that pPKB, and hence activation of PI3K, are indeed 

influenced by EGFR in the WHCO1, WHCO5, WHCO6, and SNO HOSCC cell lines, albeit to a 

small degree. These findings are on par with work performed on the TE HOSCC cell line series, 

whereby EGF induced-pPKB was both PI3K- and EGFR-dependent
518

. Since the pPKB levels in 

the low EGFR-expressing MCF7 control
480

 were similarly triggered as a result of EGFR 

activation (see Fig. 3.7), suggests that the intracellular events triggered by the EGFR 

overexpression status in the HOSCC cell lines is not preferential to the PI3K/PKB pathway. This 

notion that the EGFR status in HOSCC cells is dispensable for the activation of the PI3K/PKB 

pathway is further supported by the highly significant elevation in pPKB observed in the EGFR-

positive HT29 cell line
481

.   

 

Having established the membrane localized PI3K (p85α) in the WHCO3 cell line (Chapter 2, 

Section 2.3.3); that was also responsive to EGFR activation (see Fig. 3.4); it was surprising to 

note, that despite this cell line possessing the highest EGFR levels; the sequential activation of 

PKB was not observed (see Fig. 3.8). Therefore, an inability for PI3K to produce PIP3 at the 

membrane that would impair the Ser473 phosphorylation of PKB seems highly unlikely. It 

should be noted, than in addition to PKB, PI3K is responsible for the activation of yet another 

PH-domain harbouring protein, the integrin-linked kinase (ILK)
519

. Furthermore ILK activity 

was previously demonstrated in all the 5 HOSCC cell lines
520

. Hence, diminished levels of active 

PI3K cannot explain the non-responsive pPKB in the WHCO3 cell line. 

 

The combined data presented thus far point to the existence of PI3K (p85α) which has a high 

membrane affinity accompanied by weak interactions with ErbB2, presumably caused by the 
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serine phosphorylated state of p85α that leads to its overall low and unresponsive downstream 

activity (pPKB) in HOSCC cells. Exogenous EGF has been reported to have no significant 

impact on the activity of PI3K when mutations within PI3K (p110α) or PKB exist
140, 239

. 

Logically, this prompted the assessment of the mutational status of PKB and the catalytic subunit 

of p110α. Research has linked the oncogenic activity of PI3K to weak-activating and ―hotspot‖ 

mutations within the gene transcribing the p110α catalytic subunit (PIK3CA)
 237,521, 522, 523,

 
524

. 

These are situated within the p85α-binding domain (R38H, E53K), C2 domain (V344M, 

C420R), helical domain (E454K, E542K), and the kinase domain (H1047R), each transcribed by 

exon 1, exon 4, exon 9, and exon 20 respectively
522

. Here, even though the low concentration of 

pPKB in HOSCC cells was similar to the low levels shown in the mtPI3K3CA MCF7 cell line 

(see Fig. 2.9), neither of these proteins, when isolated from the 5 HOSCC cell lines possessed 

any of the ―hotspot‖ mutations described previously for other tumours. These findings are in 

agreement with a previous report that also demonstrated absence of mutations within exon 1, 

exon 9, and exon 20 specifically in adenocarcinomas of the oesophagus and Barrett‘s 

oesophagus
525

. Even though the same study; along with a separate report
526

 found mutations 

within exon 4 in oesophageal samples, the data presented here were inconsistent with these 

studies, in that, no mutations were found. Of note, our findings are complimented by a study 

performed on pharyngeal cancer
527

, which similarly demonstrated an absence in exon 4 

mutations. Since part of the aim was to discover whether the resistance to LY29 acquired in the 

WHCO5 and SNO HOSCC cell lines (Chapter 2, Section 2.3.8) was a result of PIK3CA 

mutations; we can exclude this as an explanation, since none of the major functional domains of 

PIK3CA were found to be mutated. 

 

Although infrequent, the presence of pPKB, combined with its recognized cytoplasmic and 

membrane localization (Chapter 2, Section 2.3.5 and 2.3.6) is indicative of an overexpressed or 

mutated PKB gene transcript, and thus its expression serves as a prognostic marker for many 

cancers
484,528, 529, 530

.  Therefore, on this basis, it was thought that the presence of activating and 

inactivating mutations in at least one of the central domains of PKB is responsible for the overt 

pPKB levels in four of the HOSCC cell lines and the lack thereof in the WHCO3 cell line. 

Several studies focus on a particular domain on the PKB gene transcript, here; all four of the 

potential hotspot sites, namely; the hydrophobic, catalytic, PH and linker domains, which 

included the well-studied E17K mutation within the PH domain
250

, were examined. Similar to 

the wild-type PKB status in the MCF7 cell line
487

, no mutations in either one of these central 

domains was found in the 5 HOSCC cell lines. These data complements previous studies that 

correspondingly did not discover PKB alterations in cancers of epithelial and non-epithelial 
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origin
531, 532, 533

. Although overexpression of PKB was not the focus of this study, it has been 

reported to occur in many squamous epithelial-based cancers
534, 535, 536

, and thus cannot be 

completely ignored as an explanation when extrapolating these results. The data described in this 

chapter also showed that the undetectable concentrations of pPKB within the WHCO3 cell line 

are not attributable to mutations. On the basis that the major functional domains of PKB were 

analyzed and shown to affect its kinase activity, PKB is indeed functional in HOSCC cells, 

despite the possible existence of alternative mutations.  

 

As briefly outlined in the previous chapter, PTEN antagonizes the activation of PKB by 

counteracting the levels of PIP3 produced through PI3K at the membrane
537

. As such, it is highly 

uncertain how cells with active PI3K and PKB manage to sustain a pro-survival state amidst a 

functional PTEN
487,  538

. To this end, there are at least two alternative explanations for the lack of 

pPKB detection within the WHCO3 cell line. One possibility could be the outcome of 

hyperactive PTEN that disallows the Ser473 phosphorylation and activation of PKB. In addition 

to PTEN, the Ser473 phosphorylation of PKB is subject to dephosphorylation by yet another 

serine/threonine phosphatase and tumour suppressor, the phosphatase protein 2 (PP2A)
220

. 

Hence, a role for PP2A in the WHCO3 cell line, and perhaps a lack thereof in the other HOSCC 

cell lines, can provide the second alternative explanation for the pPKB levels in these cell lines 

respectively. 

 

In this chapter it was shown that HOSCC cells express wtPIK3CA and wtPKB. Hence, 

mutations within these proteins cannot account for the response to LY29 observed in the 

previous chapter (Chapter 2, Section 2.3.7). By the same token, deactivating mutations in 

PIK3CA or PKB are similarly not associated with the absence of pPKB in the WHCO3 cell line.  

Pertinently, based on the more responsive pPKB levels in the EGFR-low expressing MCF7 

control, it appears that the EGFR overexpression status in the 5 HOSCC cell lines plays a small 

role in the activation of the PI3K/PKB pathway. As a result, these data strongly support the 

presence of alternative routes for the membrane targeting of PI3K (p85α) in these 5 HOSCC cell 

lines (Chapter 2, Section 2.3.3).  Consequentially, these results strongly suggests that the major 

pro-survival signalling components of the PI3K/PKB pathway are deviant in the WHCO3 cell 

line, causing an unusual, but extraordinary setting, that leaves room to explore other equally 

imperative, yet compensatory pro-survival mechanisms. The functionality of the PI3K/PKB 

pathway is measured by the fine balance between the positive and negative influences it is 

subjected to, therefore it is necessary to include an understanding of the negative regulators of 

this pathway in HOSCC. 
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Chapter 4 
Suppression of the PI3K/PKB pathway 

 

4.1 Introduction 

A key role for the involvement of PI3K and PKB in the development of cancer is necessitated by 

activating mutations within their respective genes
539,540, 541, 542, 543

. Importantly, it was shown that 

these mutations are not present within the 5 HOSCC cell lines (Chapter 3, Section 3.3.6 and 

3.3.7). In epithelial cells, the complex mechanisms that govern the dephosphorylation and thus 

inactivation of PKB on its Ser473 residue have become evident
219

. As noted previously, the 

activation of PI3K and PKB is for the most part antagonized by PTEN
544, 545

. Yet another 

negative regulator of the PKB Ser473 site, is the tumour suppressor and protein phosphatase, the 

protein phosphatase 2A (PP2A)
220

. This chapter addresses the influence of these phosphatases on 

the low activation status of PI3K/PKB signalling in these 5 HOSCC cells.  

 

PP2A is a ubiquitous serine/threonine phosphatase and tumour suppressor protein (TSP) that is 

responsible for regulating a broad range of protein kinases, the specificity of which has been 

shown to be uniquely orchestrated for each cell type
546

. The tumor suppressive function of PP2A 

is well-known, despite the fact that its role is largely limited to the tissue in which it is 

expressed
547, 548, 549

. The cell-permeable marine-sponge toxin; okadaic acid (OA) specifically 

targets and inhibits PP2A
550

, and this is widely used in studies of the activity of PP2A within 

cells
551, 552, 553, 554

. The importance of PP2A was demonstrated through exposure of embryonic 

stem cells to OA that resulted in lethal embryonic development
555, 556, 557

.  Two of the major 

etiological factors for HOSCC; namely the mycotoxin, fumonisin B1 (FB1)
 558

, and HPV-16,-

17
559

 are known to specifically target and inhibit PP2A. This enhanced our need to explore a role 

for this phosphatase in HOSCC, and sets the precedence for evaluating the part played by PP2A 

on the PI3K/PKB pathway.   

 

Once active, PP2A impinges upon the activity of PI3K and PKB on several fronts.  One such 

mechanism is through its direct dephosphorylation of PKB on its Thr308 residue
560

, thus making 

its activity antagonistic to that of PDK1 (depicted in Fig. 4.1).  It is uncertain whether PP2A can 

also directly dephosphorylate PKB on its Ser473 residue, or if this is, in part, a consequence of 

its Thr308 dephosphorylation, which is recognized as a prerequisite for its Ser473 
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phosphorylation
355, 561

. Nonetheless, either mechanism will give rise to dephosphorylation and 

inhibition of PKB on its Ser473 residue (see Fig. 4.1). PP2A also plays an active role in the Wnt 

signalling pathway by regulating cellular β-catenin levels
562

. One such mechanism is through its 

direct dephosphorylation, and activation of GSK3β on its Ser9 residue, when bound to APC and 

Axin
563

 (as shown in Fig. 4.1).   

 

The PTEN TSP is a lipid phosphatase that is responsible for the bulk of the antagonism on the 

PI3K/PKB pathway
438, 538

. This is primarily achieved by reversing the action of PI3K on its 

physiological substrate, PIP3, through removal of a phosphate attached to its 3‘-hydroxyl 

group
564

. Irrespective of its expression levels, PTEN is known to be quasi-sufficient. Therefore, 

its presence alone permits its appropriate function on PIP3 
565, 566

. Based on the fact that the 

expression of PTEN inhibits growth
567

, it is still largely undetermined how cancer cells that 

retain their expression of PTEN manage to sustain their tumorigenic state
568,569,570

. According to 

the PTEN prostate cancer (PC) model
571

; cancer cells that retain PTEN possess lower levels; and 

the mechanisms used to maintain such low concentrations and the downstream effects thereof, 

are restricted to the type of tissue
572,573

. In addition to expressing lower levels, the pathogenic 

role of PTEN was also linked to its cytoplasmic localization
446, 574, 575, 576

. This has been shown to 

be the result of an inability to transport PTEN into the nucleus, where it can contribute to tumour 

suppression
577

. Conversely, a recent report linked PTEN nuclear localization to the pathological 

state of colon cancers
578

. Therefore the role played by the cellular compartmentalization of 

PTEN in the neoplastic condition remains a conundrum. 
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Figure  4. 1: PP2A signalling. As highlighted within the text, PP2A antagonizes the 
activation of PKB by dephosphorylating its Thr308 residue that is 
phosphorylated by PDK1. This dephosphorylation, in turn, leads to the 
dephosphorylation of PKB on its Ser473 residue, or alternatively, can be 
directly dephosphorylated by PP2A, leading to its inactivation. PP2A also 
enhances the stabilization of the β-catenin degradation complex (GSK3β-
Axin-APC) by regulating the Ser9 phosphorylation status of GSK3β. Figure 
generated using the Pathway Builder Tool. 2.0. 

 

 

The regulation of PTEN activity in specific cell-types is extremely complex, as its stability and 

activity are currently known to be modulated by over 20 kinases and phosphatases
579

. Unlike 

PP2A described above, a specific PTEN inhibitor is yet to be discovered. Importantly, PTEN is 

highly susceptible to oxidation
580

, which presents a way of manipulating PTEN regulation. At 

the plasma membrane, activation of PI3K upon RTK stimulation activates the NADPH oxidase 

(Nox) essential for the generation of the hydrogen peroxide (H2O2) reaction oxygen species 

(ROS) (see demonstration in Fig. 4.2). Subsequently, the membrane recruitment of PTEN leads 

to the oxidation of its catalytically active cysteine residues by H2O2, resulting in its reversible 

inactivation and augmentation of the PI3K/PKB pathway (Fig. 4.2). Compelling data implicates 

a role for H2O2 in intracellular signalling pathways through the oxidization of and hence the 

reversible inhibition of PTEN
581, 582,

 
583

. 
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Figure 4. 2: Regulation of PTEN through Oxidation. RTK activation (illustrated here as the 
Insulin Tyrosine Receptor/IR), leads to the production of H2O2 through the 
membrane-bound NADPH oxidase. The recruitment of PTEN to the membrane, 
results in the H2O2-mediated oxidation of its catalytic cysteine residues, leading to 
its reversible inhibition. See test for further details. Figure adapted from 
Szypowska584. 

 

 

Pertinent to the active state of PKB within the WHCO1, WHCO5, WHCO6, and SNO cell lines, 

and its inactive state in the WHCO3 HOSCC cell line respectively (Chapter 2, Section 2.3.5, and 

Chapter 3, Section 3.3.5), may point to a part played by PP2A or PTEN. Hence, in order to gain 

insight into the mechanism behind the pPKB regulation in these HOSCC cells, and since PP2A 

plays a more direct role in the Ser473 dephosphorylation of PKB (see above), we explored the 

influence of PP2A by manipulating its activity through OA. This was followed by examining the 

active state of PTEN through H2O2 exposure.  
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4.2 Materials and Methods 

 

4.2.1 Cell Lines and their Culture 

The 5 HOSCC cell lines including the HT29, MCF7 and Caco-2 control cell lines were 

cultured as previously described in Chapter 2, Section 2.2.1. 

 

4.2.2 Antibodies 

PI3K (p85α) was specifically detected with the rabbit polyclonal anti-PI3 Kinase (p85α) 

antibody (Upstate Biotechnology), while the rabbit polyclonal anti-β-Actin, anti-β-catenin 

(Sigma), and anti-c-Jun (Santa Cruz Biotechnology) were specific for the detection of β-

Actin, β-catenin and c-Jun accordingly. The Ser473 and Ser9 phosphorylation of PKB and 

GSK3β respectively, as well as endogenous PTEN levels were specifically detected with the 

rabbit polyclonal anti-Phospho-Akt (Ser473), anti-Phospho-GSK-3β (Ser9), and anti-PTEN 

antibodies all of which were obtained from Cell Signalling Technology. E-cadherin was 

specifically detected with the mouse monoclonal anti-E-cadherin antibody (RD science), 

which was then detected using the goat-anti-mouse IgG (Fab Specific) peroxidase conjugate 

secondary antibody, while detection of all rabbit polyclonal antibodies was detected using the 

goat-anti-rabbit IgG (Sigma). Immunoflourescence staining of PTEN was specifically 

detected using the rabbit polyclonal anti-PTEN antibody (Sigma), and was detected using the 

fluoroscine isothiocyanate FITC-conjugated-goat-anti-rabbit antibody (Chappel, USA). 

 

4.2.3 Treatment with the PP2A Inhibitor, Okadaic Acid (OA)  

OA is used to investigate the intracellular roles of PP2A
585

 in HOSCC cells. According to 

crystal structure studies, OA specifically inhibits (ID50) PP2A at 0.1 nM concentrations, 

whereas this specificity is lost at > 10 nM concentrations
586

. Based on the fact that specific 

inhibition of PP2A in cellular systems requires higher concentrations of OA, that have been 

demonstrated to be specific for each cell type, we found a concentration of 100 nM for 1 hour 

(hr) optimum (see Appendix C 3.1). The previously established active state of PP2A
587, 588

 

and functional PTEN
589, 590

 present within the MCF7 and HT29 cell lines served as ideal 

controls. Cells were cultured as previously described, until they reached 60% confluency, 

after which, each cell line was incubated for 1 hr with 100 nM of OA diluted in DMSO (see 

Appendix C 3.2) under serum conditions, while the control or untreated cells were exposed to 

DMSO only. Whole cell protein extractions were performed on all the treated and untreated 

cell lines. Note: Three independent experiments were performed. 
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4.2.4 Whole Cell Protein Extraction 

Subsequent to exposure of OA, whole cell protein extractions were performed as detailed in 

Chapter 2, Section 2.2.5. 

 

4.2.5 Nuclear Extraction 

As detailed in Chapter 2, Section 2.2.6. 

 

4.2.6 Membrane Extraction 

As detailed in Chapter 2, Section 2.2.7. 

 

4.2.7 Protein Estimation 

As detailed in Chapter 2, Section 2.2.8. 

 

4.2.8 Polypeptide Resolution and Western Immunolotting 

30 μg of whole cell, nuclear, and membrane protein extracts were resolved on a 10% SDS-

PAGE as detailed in Chapter 2, Section 2.2.9. Non-specific binding sites on the nitrocellulose 

membrane were blocked by incubation in BLOTTO (Appendix A 1.8.2) for 1 hr at RT. 

Following 6 quick washes in PBS, blots were incubated for 1 hr at RT in the primary anti-β-

catenin antibody (1:5000). Unbound primary from the blots were removed by six 5 min PBS 

washes that preceded 1 hr incubation at RT in the secondary HRP-conjugated goat-anti-rabbit 

(1:30000). Thereafter, membranes were exposed to Supersignal West Pico Chemiluminescent 

working solution and film as described in Chapter 2, Section 2.2.9. Immunoblot detection for 

PI3K (p85α), β-actin, c-Jun, E-cadherin, pPKB, pGSK3β, and PTEN were carried out as 

detailed in Chapter 2 (Section 2.2.9) and Chapter 3 (Section 3.2.9) respectively. 

 

4.2.9 Indirect Immunoflourescence Microscopy for PTEN Staining 

Notably, because the nuclear localization of PTEN in the HT29 cell line has recently been 

linked to its pathological state
578

, it was chosen as a comparison against the unknown PTEN 

cellular distribution in the HOSCC lines. As documented in Chapter 2, Section 2.2.10, cells 

were grown to 50% confluence, fixed and permeabilized for 10 mins onto glass slides using 

4% paraformaldehyde and 0.25% Triton-X-100 respectively. Non-specific binding in the 

respective ―wells‖ created with the DAKO® pen was prevented by 30 min incubation in PBS, 

followed by 1 hr incubation in the primary anti-PTEN antibody (Sigma), at a 1:1000 dilution. 

Subsequent to five 1 min PBS washes, the cells were incubated in the dark for 1 hr in the 

FITC-conjugated secondary anti-rabbit antibody (1:1000). Thereafter, the procedure was 
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performed as described in Chapter 2, Section 2.2.10. Where necessary, immunofluorescent 

microscopy images were sharpened using Adobe Photoshop to enhance their clarity. Note: 

Each immunofluorescence microscopy was repeated three times, and a negative control was 

performed for each cell line. 

 

4.2.10 Exposure to Hydrogen Peroxide (H2O2) 

Cells grown to 60% confluence as previously documented (Chapter 2, Section 2.2.1) were 

exposed to 1 mM H2O2 (Unilab/SAARCHEM (Pty) Ltd) for time intervals of 10, 30, and 60 

minutes (mins) under serum conditions  at 37 ºC at the appropriate CO2 level. This 

concentration and time intervals were chosen based on the fact that H2O2 is a representative 

oxidant at 1 mM, and has been shown to sufficiently induce PTEN oxidation
581, 591

. Following 

exposure to H2O2, whole cell and non-reducing protein extractions were conducted. 

 

4.2.11 Non-reducing extraction for detection of reduced PTEN 

Consequent to H2O2 exposure detailed above, a non-reducing protein extraction was 

performed on selected cell lines (WHCO3, WHCO6, SNO, and HT29) in order to verify the 

oxidative state of PTEN. This protocol was adapted from Meng, et al.
592

 Briefly, cells were 

washed three times in PBS, scraped off the dish into an Eppendorf tube and pelleted for 3 

mins in the HF-120 TOMY (1200 X g). The resultant supernatant was resuspended in non-

reducing buffer (Appendix C 3.3), and immediately allowed to extract on ice for 10 mins. 

Thereafter, nitrogen (N2) gas was injected into each Eppendorf, vortexed, exposed to N2 gas 

for an additional 3 secs, and centrifuged for 10 mins at -4 C at 13000 X g in an Eppendorf 

Centrifuge 5413; the resultant extracts were stored at -70 C. 

 

4.2.12 Densitometry 

Labworks TM Image Acquisition and Analysis software (Labworks version 4.5) was used for 

densitometric analysis to semi-quantitatively determine the concentration level of PI3K 

(p85α), pPKB, pGSK3β, PTEN, and β-catenin detected through western blotting. Note: The 

densitometric results are an average of three independent experiments and expressed as a 

percentage relative to the maximum. 

 

4.2.13 Image Capturing 

All western blot and SDS-PAGE images were captured on a Hewlard Packard Scanjet 4400c 

series scanner at 300dpi, contrast and brightness of all images were standardised using 

CorelDRAW version 12®. 
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4.2.14 Statistical Analysis 

Statistical analysis results are inclusive of three independent experiments (mean ± S.D). P-

values are given in the figure legends, and only P < 0.05 was considered significant. 

Statistical analyses were performed using Student‘s t test and One Way Repeated Measures 

Analysis of Variance. Inverse correlations between pPKB, pGSK3β, and PTEN levels were 

calculated using Pearson‘s correlation coefficient, where values of P<0.05 were set as the cut-

off for statistical significance. All calculations of statistical computations were carried out 

using the SigmaPlot Release 11.0® statistical software. Note: Based on the fact that statistical 

analysis requires a minimum of three independent experiments, an example of the three blots 

for the figures in this chapter was chosen (i.e. nothing is gained by showing all three). 

 

 

4.2.15 Figure Design 

All schematic diagrams were designed using the Pathway Builder Tool version 2.0, unless 

otherwise stipulated. 
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4.3 Results 

 

4.3.1 The PI3K/PKB pathway is not regulated by PP2A in HOSCC cells. 

 

In response to EGFR activation, levels of pPKB was not affected significantly (Chapter 3, 

Section 3.3.5). Furthermore, pPKB levels did not correlate to those of its downstream 

effector, pGSK3β (Chapter 2, Section 2.3.8). As PP2A has been shown to attenuate pPKB 

and augment pGSK3β levels in specific cells
219, 593

, we examined its influence on pGSK3β 

and pPKB in the 5 HOSCC cell lines. As OA has been shown to effectively and specifically 

inhibit PP2A
554

, it was used as a tool to evaluate the contribution made by PP2A in the 

regulation of pPKB and pGSK3β levels. Furthermore, because PP2A is a major regulator of 

Wnt signalling
594
, we included an assessment of the expression levels of β-catenin following 

PP2A inhibition.  

 

On the understanding that pPKB and caspase-3 were activated in response to PP2A 

inhibition (see Appendix C, Fig. C1), PP2A plays a significant (P=0.001) role in regulating 

the Ser473 phosphorylation of PKB in the WHCO1 and WHCO6 HOSCC cell lines 

exclusively (as shown in Fig. 4.3 and 4.4A), while no significant changes in pPKB levels 

was evident in the WHCO3, WHCO5 and SNO HOSCC cell lines. In comparison to the 

significant up-regulation in pPKB in the WHCO6 and cell line, PP2A inhibition appears to 

have a negative impact on pPKB levels in the WHCO1 cell line. This is in line with the 

significant decrease in pPKB following PP2A inhibition in the two PP2A positive controls 

(HT29 and MCF7). We clearly show that PP2A has a significantly negative (P=0.03) impact 

on the Ser9 phosphorylation of GSK3β in the SNO HOSCC cell line (Fig. 4.3 and 4.4B). 

This was substantiated by the equally significant (P=0.03) effect PP2A inhibition had on 

pGSK3β levels in the PP2A positive control (MCF7) (Fig. 4.3 and 4.4). The concentration 

of pGSK3β was not significantly altered in the WHCO1, WHCO3 and WHCO5 HOSCC 

cell lines. 

 

Detection of PTEN was included as a control for the changes in pPKB obtained, and as can 

be seen in Fig. 4.3 and 4.4C, the significant changes (P<0.05) in PTEN expression obtained 

in the WHCO1, WHCO5, and SNO cell lines do not correspond to changes in pPKB. 

Protein levels of PTEN were affected in response to PP2A inhibition in the WHCO1, 

WHCO5 and SNO cell lines, albeit to different degrees (Fig. 4.3 and 4.4C). This result was 

similar to that demonstrated in the MCF7 control. The expression of PI3K (p85α) was only 
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significantly altered in the WHCO3 and WHCO6 cell lines (Fig. 4.3 and 4.4D). 

Furthermore, based on the extent to which levels of β-catenin were affected in the WHCO1 

(P=0.01) and WHCO3 (P=0.01) cell lines, provides evidence for an active PP2A in these 

cell lines (Fig. 4.3 and 4.4E). This is consistent with the significant down-regulation in β-

catenin obtained in the control (HT29) cell line (P=0.03), that is known to possess 

constitutively active Wnt signalling
595

. 

 

 

 

 

 

Figure 4. 3: PP2A is not a major regulator of the PI3K/PKB pathway in HOSCC cells. HOSCC, 
MCF7 and HT29 cell lines were treated with (+) and without (-) 100 nM of the PP2A 
inhibitor, Okadaic acid (OA), for 1 hr. Western blot analysis was used to determine 
the consequent effect OA had on the overall protein levels of p-PKB (Ser473)/pPKB, 
its downstream effector, p-GSK3β (Ser9)/pGSK3β, PTEN, PI3K (p85α), and β-catenin 
(see Appendix A 1.6.6 and 1.7.5 for representative standard curve and 10% SDS-
PAGE). The loading control (L/C) is representative of the WHCO6 whole cell lysate 
used for comparison between the different blots. Equal loading of treated versus 
untreated proteins was detected with β-actin.  
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A) 

B) 

 

Figure 4. 4 A and B: Densitometric analysis of the western blot detection of pPKB and 
pGSK3β consequent to PP2A inhibition. A) Statistical analysis revealed 
PP2A inhibition significantly affected pPKB levels in the WHCO1 
(P=0.001), HT29 (P=0.007), and MCF7 (P=0.027) respectively. B) 
Statistical analysis showing the significant effect PP2A inhibition had on 
pGSK3 levels in the SNO (P=0.031) and MCF7 (P=0.031) cell lines. Data 
are representative of mean ± S.D. obtained from the three separate 
experiments, *P significantly different from control, P<0.05. See 
Appendix C, Table C1 and C2 for statistical analysis and mean optical 
density values. 

 

 

* 

* 

* 

* 

* 

* 
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C) 

 

D) 

 

 

Figure 4.4 C and D: Densitometric analysis of the western blot detection of PTEN and PI3K 
(p85α) consequent to PP2A inhibition. A) Statistical analysis revealed 
PP2A inhibition significantly affected PTEN protein levels in the WHCO1 
(P=0.027), WHCO5 (P=0.044), SNO (P=0.032), and MCF7 (P=0.008) 
respectively. B) Statistical analysis showing the significant effect PP2A 
inhibition had on PI3K (p85α) protein levels in the WHCO1 (P=0.017), 
WHCO6 (P=0.039) and MCF7 (P=0.003) cell lines. Data are representative 
of mean ± S.D. obtained from the three separate experiments, *P 
significantly different from control, P<0.05. See Appendix C, Table C3 and 
C4 for statistical analysis and mean optical density values. 

 

 

* 
* 

* * 
* 

* 
* 

* 
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E) 

 

 

Figure 4.4 E: Densitometric analysis of the western blot detection of β-catenin consequent 
to PP2A inhibition. A) Statistical analysis revealed that PP2A inhibition 
significantly affected levels of β-catenin in the WHCO1 (P=0.01), WHCO3 
(P=0.018) and HT29 (P=0.032) respectively. Data are representative of mean ± 
S.D. obtained from the three separate experiments, *P significantly different 
from control, P<0.05. See Appendix C, Table C5 for statistical analysis and mean 
optical values. 

 

 

4.3.2 HOSCC cells express relatively low PTEN protein levels. 

 

Since PTEN is a quasi-sufficient protein, its expression is often found to be low or absent in 

cancer cells
446, 596

. Despite the fact that the protein expression of PTEN was used as a control 

against the changes in pPKB induced by EGFR activation (Chapter 3, Section 3.3.5), PI3K 

inhibition (Chapter 2, Section 2.3.7), and PP2A inhibition (Chapter 4, Section 4.3.1), the basal 

concentration of PTEN expression in HOSCC cells still requires examination. Levels of 

PTEN protein are low in the 5 HOSCC lines, albeit to different degrees (shown in Fig. 4.5). 

Relative to the high and low PTEN previously determined within the MCF7
589

 and HT29
597

 

controls, these data indicate that HOSCC cells are low PTEN-expressing cells. Furthermore, it 

is clear from these results that higher protein concentrations of PTEN in the WHCO3 cell line 

do account for its undetectable pPKB. 

 

 

* 

* 

* 
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A) 

 

 

B) 

    

 

Figure 4. 5: PTEN is expressed at low levels within HOSCC cells. A) 10 g of whole cell 
protein lysates derived from HOSCC, HT29 and MCF7 cell lines showing positive 
western blot detection for PTEN at 54 kDa (see Appendix A 1.6.6 and 1.7.5 for 
representative standard curve and 10% SDS-PAGE). Lanes 1-7 represent the 
WHCO1, WHCO3, WHCO5, WHCO6, SNO, HT29 and MCF7 cell lines accordingly. 
B) The bands representing PTEN were quantified through densitometry (mean ± 
s.d. of triplicate experiments), showing the highest PTEN expression in the MCF7 
cell line, and the lowest in the HT29 cell line. See Appendix C, Table C6 for mean 
optical values. 
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4.3.3 PTEN localization in HOSCC cells 

 

A) Cytoplasmic Localization 

The inability of a cell to transport PTEN into the nucleus is considered as one of the 

hallmarks of the neoplastic state, which is indicated by the accumulation of PTEN in the 

cytoplasm
577

. PTEN is excluded from the nucleus and localised primarily to the cytoplasm 

in the WHCO1, WHCO5, WHCO6, and SNO cell lines; as indicated in Fig. 4.6 (yellow 

arrows). The WHCO3 cell line illustrated a similar distribution pattern to that observed in 

the control (HT29) cell line, which included a strong PTEN nuclear localization, with a 

diffuse cytoplasmic distribution (indicated by the blue arrow in Fig. 4.6).  

 

B) Nuclear Localization 

As highlighted previously, the function of PTEN in the nucleus is a highly controversial 

issue
577,  598

. Hence, it became necessary to verify its nuclear status through western blot 

analysis of nuclear-specific extracts. Relative to the high nuclear levels of PTEN 

established for the control (HT29) cell line
578

, we found that PTEN was expressed in the 

nucleus of four HOSCC cell lines, with the WHCO1, WHCO3, and WHCO5 in possession 

of the highest (> 75%) and the SNO cell line the least (20%) (see Fig. 4.7). Consistent with 

its cellular distribution above (Fig. 4.6), PTEN was completely absent from the nucleus in 

the WHCO6 cell line (Fig. 4.7). 
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See next page for legend. 
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Figure 4. 6: PTEN is predominantly localized to the cytoplasm in HOSCC  cells. HOSCC and 
HT29 cell lines were stained for PTEN. The cytoplasmic and nuclear localization is 
indicated by the orange and blue arrows respectively, highlighting that the majority 
of PTEN was localized to the cytoplasm in the HOSCC cell lines are largely excluded 
from the nucleus.  Under equivalent conditions, little or no staining was detected in 
the negative control, indicative of staining specificity. Bar column=25μm.  

 

 

 

4.3.4 PTEN is active in HOSCC cells 

 

We have previously shown that the down-regulation in pPKB following PI3K (Chapter 2, 

Section 2.3.8) and PP2A inhibition (Chapter 4, Section 4.3.1) was not induced by the 

relative augmented levels of PTEN
570

. Since PTEN is the major intracellular suppressor of 

the PI3K/PKB pathway, we examined whether PTEN is active in these HOSCC cell lines 

through the H2O2-mediated oxidation and reversible inhibition of PTEN. Elucidating its 

active state is of particular relevance to the greatly reduced pPKB levels within the WHCO3 

cell line (Chapter 2, Section 2.3.4, and Chapter 3, Section 3.3.5).  

 

As demonstrated in Fig. 4.8A, exposing HOSCC cells to H2O2 induced the oxidation, and 

thus inhibition, of PTEN specifically represented in the WHCO3, SNO, and HT29 cell lines. 

This inhibited state was symptomatic of a significant elevation in PTEN protein levels in the 

WHCO3 (P<0.001), WHCO5 (P<0.001), and WHCO6 (P=0.005) HOSCC cell lines (Fig. 

4.8B). Exposure to H2O2 for only 10 mins was sufficient to attenuate the protein expression 

of PTEN significantly in the WHCO1 (P<0.001) and SNO (P<0.001) HOSCC cell lines 

(Fig. 4.8B). The changes in PTEN in the HOSCC cells are consistent with the levels of 

PTEN that were affected following exposure to H2O2 in the control HT29 and MCF7 cell 

lines that possess functional PTEN (Fig. 4.8B). 
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 A) 

 

 B) 

 
 
 

Figure 4. 7: PTEN is highly expressed in the nucleus of HOSCC cells. A) The relative expression 
of PTEN in the nucleus is shown through western blotting at 54 kDa in the HOSCC, 
MCF7 and HT29 cell lines (see Appendix A 1.6.6 and 1.7.5 for representative 
standard curve and 10% SDS-PAGE). The integrity of the nuclear extracts was 
verified through the positive detection of the c-Jun transcription factor at 42 kDa352, 
and the lack thereof in the WHCO6 whole cell protein lysate (C). Lanes 1-8 represent 
WHCO1, WHCO3, WHCO5, WHCO6, SNO, MCF7, HT29 and WHCO6 whole cell 
protein extract. B) The band representing PTEN was quantified through 
densitometry (mean ± s.d. of triplicate experiments), showing the highest 
expression in the WHCO1, and the lowest in the SNO HOSCC cell line. See Appendix 
C, Table C6 for mean optical density values.  

 
 

 

 

 

 

 

 



118 

 

A) 

 

 

 

Figure 4. 8 A : Cellular PTEN is inactivated in response to oxidative stress by exposure to 
H2O2. The 5 HOSCC cell lines, HT29 and MCF7 cell lines were treated for 10, 30 
and 60 mins with and without 1 mM of H2O2.  Western blot analysis was used 
to determine the reduced (active) and oxidized (inactive) state of PTEN, 
indicated by the white arrows (see Appendix A 1.6.6 and 1.7.5 for 
representative standard curve and 10% SDS-PAGE). The red arrow indicates 
possible PTEN ubiquitination, suggested by previous studies599. The method 
used to detect the reduced and oxidized form of PTEN is described in detail 
under Materials and Methods. β-actin was used as an internal control, and L/C 
represents a WHCO6 whole cell lysate used as an loading control for 
comparison between the respective blots. 
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B) 

 

 

Figure 4.8 B: The experiment was performed in triplicate and the levels of PTEN expression 
following H2O2 exposure were quantified by densitometric analysis and 
represented in a bar graph (mean ± s.d. of triplicate experiments). Results 
show a significant decline in PTEN levels in the WHCO1 (P<0.001), WHCO6 
(P=0.001 and 0.005), SNO (P=0.002 and <0.0001), and MCF7 (P=0.001 and 
0.027) cell lines accordingly. On the contrary, a significant increase in PTEN 
levels was evident in the WHCO3 (P<0.001), WHCO5 (P<0.001), and MCF7 
(P<0.001) cell lines respectively. See Appendix C, Table C7 for statistical 
analysis. *Significantly different from the control, P<0.05. 

 
 

Based on the clear oxidized and inhibited state of PTEN, it became essential to analyse what 

effect this would have on its intracellular downstream targets described previously; pPKB, 

pGSK3β, PI3K (p85α), and β-catenin
572

. Levels of pPKB increased significantly in four of 

the HOSCC cell lines, with the WHCO1 cell line being the exception (see Fig. 4.9A and B). 

Strikingly, the concentration of pPKB was significantly (P<0.001) induced by 38% in the 

WHCO3 cell line following a 60 min exposure to H2O2 (see Fig.4.9A). Even though PTEN 

was inhibited (Fig. 4.8A), its protein expression was not inversely correlated to pPKB (see 

Appendix C, Table C9). No inverse relationship between PTEN and pPKB was 

demonstrated in the positive HT29 and MCF7 controls, but instead their levels correlated at 

significantly at 60 mins in the MCF7 control respectively (see Appendix C, Table C9). 

 
 

* 
* 

* 

* 

 

* 

* 
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pGSK3β was also significantly affected in the 5 HOSCC cell lines by H2O2 (Fig. 4.9A, and 

C). It is clear from the above that the increase in PKB activity (pPKB) in Fig. 4.9A did not 

correlate to the changes in pGSK3β in Fig. 4.10B (see Appendix C, Table C9). A positive 

correlation between pPKB and pGSK3β levels was only shown in the MCF7 control (see 

Table C9 in Appendix C). 

 

It was previously demonstrated that PP2A, and not PTEN, was inhibited when the Caco-2 

colon cancer cell line was exposed to 20 µM H2O2
600

. We therefore included the Caco-2 cell 

line in this study to further support the inhibitory effect that the 1 mM H2O2 utilized here, 

has on PTEN. Consistent with these results (Fig. 4.9A), the concentration of pPKB was 

significantly (P<0.001) enhanced at 20 µM H2O2 in the Caco-2 cell line (Fig. 4.10). In 

contrast, no similar changes were apparent at 1 mM H2O2. Therefore, the changes in pPKB 

obtained in the HOSCC cells following 1 mM H2O2 above (Fig. 4.9A) are PTEN, and not 

PP2A dependent. This is in agreement with the results shown following direct inhibition of 

PP2A in the WHCO and SNO cell lines (see Fig. 4.3). 

 

Assessing the protein expression of PI3K (p85α) and β-catenin following H2O2 exposure 

revealed that their expression was significantly affected in the HOSCC cell lines (see Fig. 

4.11). The significant increase in the concentration of β-catenin in the WHCO3 cell line 

(P<0.001) is consistent with the increase in β-catenin observed in the control cell line 

(HT29). 
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A) 

 

 

Figure 4. 9 A: The PI3K/PKB pathway is activated in response to PTEN inhibition. Western 
blot analysis was used to determine the putative active forms of PI3K (p-PKB 
at Ser473) and PKB (p-GSK3β at Ser9) following exposure to H2O2 for 10, 30 
and 60 mins in the HOSCC, HT29 and MCF7 cell lines. See Appendix A 1.6.6 
and 1.7.5 for representative standard curve and 10% SDS-PAGE.  β-actin was 
used as an internal control, and (L/C) represents a WHCO6 whole cell protein 
lysate that was used as an loading control for comparison between the 
different blots. 
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B) 

C) 

 
Figure 4.9 B and C: The experiment was performed in triplicate (mean ± s.d.) and the levels 

of pPKB (B) and pGSK3β (C) following PTEN inhibition induced through 
H2O2 exposure was quantified by densitometric analysis. Results show 
a significant (P<0.001) decline in PTEN levels in the WHCO1, WHCO6, 
SNO, and MCF7 cell lines accordingly. On the contrary, a significant 
increase in PTEN levels was evident in the WHCO3, WHCO5, and MCF7 
cell lines respectively. *P significantly different from control, P<0.05. #, 
positively correlates with PTEN expression, ##, positively correlates 
with levels of pPKB. See Appendix C, Table C7 and C10 for the 
statistical analysis. 

 

* 

* 
* 

* 
* 

* 

* 

# 
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A) 

 

B)  

    

 
Figure 4. 10 A and B: Caco-2 cells exposed to 20 µM H2O2 induces levels of pPKB. A) Caco-2 

cells were exposed to 20 µM and 1 mM of H2O2 for 10, 30, and 60 mins, 
and the resultant concentration of p-PKB (Ser473), p-GSKβ (Ser9), total 
cellular levels of PTEN, PI3K and β-catenin were assessed through western 
blotting.  A standardized loading control (C) was included in blot analysis 
to allow for comparison between the various immunoblots. β-actin was 
used as an internal control. B) The experiment was repeated three times 
for pPKB detection and quantified through densitometry showing 
significant increases in pPKB levels at 20 µM concentrations of H2O2 only, 
see Appendix C, Table C8 for statistical analysis.*P significantly different 
from control, P<0.05. 

 

 

* 
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A) 

 

 

Figure 4. 11 A: The levels of PI3K and β-catenin are not significantly altered in response to 
H2O2 in HOSCC cells. A) HOSCC, HT29 and MCF7 cell lines were treated for 10, 30 
and 60 mins with and without 1 mM of H2O2.  Western blot analysis was used to 
determine the resultant protein levels of PI3K (p85α) and β-catenin at 86 and 96 
kDa respectively (see Appendix A 1.6.6 and 1.7.5 for representative standard 
curve and 10% SDS-PAGE). β-actin was used as an internal control, and (C) 
represents a WHCO6 whole cell extract used for comparison between the 
different blots. The red arrow is indicative of one of the PI3K isoforms, which 
shares 95% sequence homology to the α isoform of the PI3K (p85α) subunit 
under evaluation (Upstate Biotechnology, data sheet). 
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B) 

 

C) 

 

 

Figure 4.11 B and C: The experiment was performed in triplicate and the levels of PI3K 
(p85α) (B) and β-catenin (C) expression following H2O2 exposure were 
quantified by densitometric analysis (mean ± s.d.).  Levels of PI3K (p85α) 
changed significantly for most cell lines (P<0.05), **not significantly 
different from the control, *P significantly different from control, 
P<0.05.  See Appendix C, Table C7 for statistical analysis. 

 

 

 

** 
** 

* * * 

* 

* * 
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4.4 Discussion  

 

Although the antagonistic roles of PTEN and PP2A towards the PI3K/PKB pathway are well 

established
548, 601

, their specific contribution to cancer progression appears to be regulated by the 

type of cell. Their aberrant expression and tumour suppressive capabilities are frequently 

associated with the poor prognosis of prostate
602, 603

, breast
604, 605

, colon
575, 606

, and non-small 

lung cancers
607

, whereas similar reports for oesophageal cancer are less common. Furthermore, 

the preceding chapters point towards the possibility of aberrant PTEN and/or PP2A present 

within the 5 HOSCC cell lines. The previously established PP2A activity
587, 588

 and functional 

PTEN
589,590

, within the HT29 and MCF7 cell lines served as a comparison against the unknown 

function of PP2A and PTEN in the HOSCC cell lines. In this chapter, we provide evidence that 

the action of PP2A towards the PI3K/PKB pathway is attenuated and that although weakly 

expressed, PTEN is indeed active within the WHCO and SNO HOSCC series.  

 

By using the PP2A inhibitor, OA, we verified that PP2A only influences the Ser473 

phosphorylation of PKB in the WHCO1 and WHCO6 cell lines, while no significant changes 

were observed in the remaining HOSCC cell lines (see Fig. 4.3 and 4.4). The specificity of this 

result was confirmed by the coordinated PP2A inhibition through OA shown in the HT29 and 

MCF7 control cell lines. Through their regulation of C-ECM adhesion; the integrins are well-

recognized for their proficient activation of a variety of intracellular and extracellular signalling 

pathways
608
. Of interest, the α2β1 integrin has been demonstrated previously to induce PP2A 

activity, leading to the concomitant dephosphorylation in PKB (Ser473) and GSK3β (Ser9), 

resulting in their respective inhibition and activation
609,

 
610

. Since these HOSCC cell lines have 

reduced levels of both the α2 and β1 integrin subunits
611

, may explain why the levels of pPKB in 

these HOSCC cell lines were unresponsive to PP2A inhibition. These data strongly point to 

PP2A-independent mechanisms for the dephosphorylation and inhibition of PKB in HOSCC 

lines. This interpretation is consistent with the 40% reduction or complete loss of PP2A function 

observed in breast carcinoma cells
612

. In addition to the α2β1 integrins, the activity of PP2A is 

further attenuated by phosphorylation of its Tyr307 residue mediated by active EGFR
613

. Based 

on the up-regulated EGFR levels in these HOSCC lines; it seems logical to suggest that the 

EGFR overexpression status may further contribute to the apparent decreased activity of PP2A 

observed in this chapter.  

 

The molecular chaperone, Hsp90 and its co-chaperone, Cdc37, are both required for the activity 

and stability of PKB by preventing PP2A-mediated dephosphorylation
614, 615, 616

. In turn, CK2 
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phosphorylates and modulates the association between Hsp90 and Cdc37
617, 618

.  This opens the 

possibility for the existence of robust Hsp90-CK2-Cdc37-PKB associations within these HOSCC 

cell lines; offering PKB protection against PP2A-mediated Ser473 dephosphorylation, thus 

leading to the lack of responsiveness to PP2A inhibition observed. The notion of robust Hsp90-

CK2-Cdc37-PKB associations is supported by evidence demonstrating that the stability of pPKB 

through its association with CK2 is insensitive to PP2A inhibition through OA treatment
619

. As it 

is the balanced activity of PDK-1-mediated Thr308 phosphorylation and PP2A-mediated Ser473 

dephosphorylation of PKB, that ultimately determines its activational state
180

, points to the 

existence of robust PDK1 activity within these HOSCC cells. Furthermore, these data also 

clearly indicate that PP2A-independent mechanisms are the cause for the undetectable pPKB 

levels within the WHCO3 cell line. Certain reports have linked this reduced role for PP2A on 

PKB to the fact that PP2A is a reluctant or lazy TSP
620, 621, 622

.  

  

It was also shown that PP2A plays a significant role in the dephosphorylation, and thus 

activation of GSK3β on its Ser9 residue in the WHCO6 and SNO HOSCC cell lines.  This is in 

agreement with previous studies, showing the direct relationship between PP2A activity and the 

augmented Ser9 phosphorylation state of GSK3β
623, 624

. A specific study conducted in mice, 

revealed that knockdown of PP2A up-regulated the Ser9 phosphorylation of GSK3β, but not the 

Ser473 phosphorylation of PKB
625

. Evidence suggests that PP2A is only able to dephosphorylate 

GSK3β on Ser9 when it is associated with APC and Axin
626

. Of note, previous studies have 

indicated that APC and β-catenin are associated in these HOSCC lines
627

. Moreover, it is known 

that the association between APC and β-catenin can only take place when simultaneously 

interacting with Axin and GSK3β
624

. Considering that we were unable to demonstrate a direct 

link between the concentration of pPKB and pGSK3β (Chapter 2, Section 2.3.7), suggests that 

PP2A may play a more direct role in regulating pGSK3β levels in HOSCC cell lines.   

 

Several substrates for PP2A have been discussed within the literature
628,629

, and therefore even 

though it does not target PKB in HOSCC cells, it was shown to have a significant impact on the 

protein levels of PTEN, PI3K (p85α) and β-catenin in the WHCO1 (PTEN and β-catenin), 

WHCO3 (PI3K and β-catenin), WHCO5 (PTEN), WHCO6 (PI3K), and SNO (PTEN) HOSCC 

cell lines (see Fig. 4.4)  Since PP2A is an integral and direct regulator of β-catenin through its 

B56 subunit
562

, it was no surprise that significant changes in its protein expression were induced 

through PP2A inhibition. As the role for PP2A in regulating β-catenin cellular levels has been 

previously shown in the HT29 cell line
562

, lends additional support for the significant role played 

by PP2A in the regulation of β-catenin in the WHCO1 and WHCO3 HOSCC cell lines 
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specifically. Furthermore, PP2A has been shown to directly regulate the expression of c-myc
630

. 

Therefore, accumulation of c-myc serves as a good indicator for the presence of attenuated PP2A 

activity
629

. The identification of a c-myc amplification present within the WHCO3 cell line 

specifically
631

, suggests that the activity of PP2A is indeed suppressed; as most clearly shown 

here with the nonresponsive pPKB levels.  

 

Various studies have linked the presence of low and/or absent levels of PTEN to the 

carcinogenic state of the cell, such that, a lower expression is consistent with a reduction in its 

activity
 446,574,575,576

. Consistent with these reports, it was shown that the 5 HOSCC cell lines 

express low PTEN protein levels. This was verified by comparing it to the high expression of 

PTEN expressed in the MCF7 cell line
589

. The low protein concentration of PTEN shown here is 

consistent with a study conducted on Japanese-derived oesophageal squamous cell lines, where 

levels of PTEN were significantly lower when compared to normal oesophageal epithelium
457

.  

Notwithstanding the significance of low PTEN concentrations in the prognosis of various cancer 

types
,574,575, 632

, the fact that the mere presence of PTEN is sufficient to antagonize the activity of 

PI3K and PKB
446

, strongly highlights the need to fully understand the specific mechanisms used 

to control these low PTEN levels. 

 

Similar to these low levels, a disrupted balance between the cytoplasmic and nuclear distribution 

of PTEN is also considered a good marker for cells with aberrant PTEN
577

. The data presented 

here indicates that PTEN is highly localized to the cytoplasm in the WHCO1, WHCO5, 

WHCO6, and SNO HOSCC cell lines. These results are consistent with a previous report 

demonstrating a predominant cytoplasmic PTEN localization in a separate line of oesophageal 

cell lines
457

; which they linked to an inactive or dysfunctional PTEN. The presence of PTEN in 

the nucleus of the WHCO1, WHCO3, WHCO5, and SNO cell lines was also verified through 

western blotting. Whether it is the nuclear or cytoplasmic localization of PTEN that accounts for 

its aberrancy is a highly controversial matter
577

. According to Das et al.
633

and Liu et al.
634

; 

nuclear PTEN is able to actively suppress growth and proliferation by various mechanisms, 

while cytoplasmic PTEN is inadequate in this regard. In contrast, results reported by Chung et 

al.
635

 clearly demonstrate the integral role for the nuclear import of PTEN during carcinogenesis. 

Previously, it was shown that PTEN contributes to the differentiation state of neurons through its 

regulation of mitosis in the nucleus
636

. Thus, it would appear that the particular mechanisms used 

to regulate the nuclear and cytoplasm partitioning of PTEN are influenced by the intra- and 

extracellular environment, and thus are particularly tissue specific. The nuclear levels of both 

PI3K and pPKB were established in the 5 HOSCC cell lines (Chapter 2, Section 2.3.3 and 



129 

 

Section 2.3.5). Interestingly, when the cellular distribution of PTEN obtained here (see Fig. 4.6) 

is compared with the staining pattern of pPKB shown previously (see Fig. 2.10), it seems clear 

that cellular localization of these two proteins are mutually exclusive in HOSCC cells. This 

relationship appears to be highly prevalent within the WHCO1, WHCO5, WHCO6, and SNO 

HOSCC cell lines; where the nuclear levels of pPKB appears to be linked to the nuclear 

exclusion and highly cytoplasmic staining for PTEN. Since it is still widely accepted that the 

altered subcellular localization of PTEN is a major signature for its aberrant signalling in cancer 

cells; it would appear that the nuclear exclusion and cytoplasmic localization of PTEN in 

HOSCC cells may prove to be indicative of its aberrant state. In accordance with this view, a 

recent study provided evidence that activation of PTEN leads to the rapid depletion of nuclear 

pPKB that caused a corresponding stop in the cell cycle, evidenced by rapid cyclinD1 

degradation
637

. It thus became necessary to evaluate whether PTEN is active in these HOSCC 

cell lines.  

 

The reversible inhibition of PTEN by the oxidation of its active cysteine residues is known to 

occur upon the intracellular production of H2O2 by Nox during the activation of the PI3K 

signalling pathway
581, 638

. Here, through the H2O2-mediated oxidation and inhibition of PTEN, 

we show that PTEN is indeed active in all the 5 HOSCC lines, evidenced by pPKB detection. 

Perhaps what was outstanding was the finding that the previously undetectable pPKB levels in 

the WHCO3 cell line, was expressed following inhibition of PTEN (see Fig. 4.9). The elevation 

in pPKB established here, is on par with work done on PC12
551

 and Caco-2
600

 cells, where 

exposure to lower H2O2 concentrations (25 μM and 20 μM) caused a significant increase in the 

concentration of pPKB respectively.  In both cases, however, H2O2 induced PP2A, and not 

PTEN inhibition. Thus, in support of our foregoing results that excluded a role for PP2A in 

HOSCC cells, it was further shown that under our conditions, the effects elicited by H2O2 on 

pPKB were not induced by PP2A (see Fig. 4.10).  

 

The data presented here suggests that, even though H2O2-mediated inhibition of PTEN 

significantly affected the concentration of pPKB, PTEN oxidation was readily reversed, thus 

pointing to additional mechanisms utilized by H2O2 to induce levels of pPKB. There are a 

number of plausible explanations for these results. It is well-known that, depending on the cell 

type, the presence of H2O2 is short-lived and is more than likely removed from the system within 

30 mins of exposure
639, 640,641

. This is primarily achieved by the presence of peroxiredoxin 

(Prdx), which readily catalyses the conversion of H2O2 into water
642

. Research demonstrates that 

the expression of PTEN exists in a 1:1 molar ratio with the Prdx1, protecting it from H2O2-
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induced oxidation and inhibition
643,644,645

.  Therefore, based on the rapidly reduced PTEN state in 

the representative WHCO3 and SNO cell lines within 30 and 60 mins of exposure to H2O2 (see 

Fig. 4.8A), it seems logical to assume that this association (PTEN/Prdx1) may be more 

pronounced in HOSCC cells. This suggestion is supported by a study performed in mice, 

whereby knock-down experiments on Prdx1 disenabled their ability to scavenge H2O2, which 

lead to their premature death
646

.  Furthermore, the rapid reduction of PTEN shown in the MCF7 

cell line supports this concept (see Fig. 4.8 and 4.9), as they were shown to overexpress Prdx1
647

. 

 

An earlier study suggested that the existence of a robust H2O2 scavenging system impairs the 

cells ability to respond efficiently to EGFR stimulation
648

. This is deduced from the intimate 

relationship existing between EGFR activation and H2O2 production described above
649, 650

. It 

was shown in the previous chapter that EGFR stimulation had a minimal impact on the activation 

of the PI3K/PKB pathway (pPKB levels) (Chapter 3, Section 3.3.5). Therefore, it seems clear 

that this relationship may be lost in HOSCC. Upon EGFR activation, there are two downstream 

factors that are central to the simultaneous production of H2O2 by Nox. Firstly, the membrane 

recruitment of PI3K was shown to be critical for the H2O2 production through Nox
651, 652

. Since 

the membrane localization of PI3K in the 5 HOSCC cell lines has been demonstrated (Chapter 2, 

Section 2.3.3), we can exclude this as a contributing factor. Secondly, aquaporin3 (AQP3) was 

shown to play a central role in the mediation of EGF-stimulated H2O2 production by an unknown 

mechanism
653, 654, 655

.  Conveniently, the colon HT29 cell line was shown to overexpress 

AQP3
656

, and therefore it is not surprising that activation of the PI3K/PKB pathway (pPKB 

levels) was readily induced by EGFR stimulation (Chapter 3, Section 3.3.5).  On the hand, 

EGFR stimulation in HOSCC cells did not have a similar effect on pPKB levels; lending 

additional support to an aberrant relationship between EGFR stimulation, PI3K/PKB activation 

and PTEN inhibition in HOSCC cells.   

 

High levels of active PKB (pPKB) have been shown to correspond to H2O2 overproduction, and 

suggested to be insufficient to maintain the pro-survival state
657

. This has been deduced from 

certain reports demonstrating that PKB aids in the anti-survival status of a cell by its ability to 

regulate intracellular levels of H2O2
 657,658,659

. These reports have likened this anti-survival 

capability of PKB to the particular cellular environment, suggesting that cancer cells need to 

overcome or convert these antagonistic properties of PKB to that of a more ―favourable‖ one. 

The role for H2O2 as a pro-survival molecule is becoming a hot-topic within the literature. 

Hence, the ability of a cell to use H2O2 to their growth advantage is largely determined by its 

ability to dampen the anti-survival capability of PKB
660

. This scenario is further supported by 
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PKB knockout mice that similarly gave rise to a higher H2O2 tolerance
661

. The authors suggested 

that absence of PKB activity induces compensatory mechanisms for survival. This may shed 

some light on why these HOSCC cell lines, particularly the WHCO3 cell line, appear to be more 

sensitive to H2O2 exposure. Based on the rapid reduction of PTEN observed here, it can be 

assumed that HOSCC cells may circumvent the adverse effects of H2O2 by maintaining a low 

PKB activation status.  

 

Certain of the etiological factors of HOSCC; such as acid reflux, mycotoxins, tobacco- and 

alcohol-derived carcinogens have been shown to stimulate acute accumulation of H2O2
662, 663,

 
664

. 

The toxic effects induced by these factors forces the cells of the intermediate layers of the 

oesophageal epithelium to adapt to these high H2O2 levels; creating an environment that is 

conducive for survival amidst the enhanced H2O2 concentrations. Most commonly, this results in 

a robust H2O2 effluent system. Interestingly, recent evidence has indicated that Cys296 and 

Cys310 of PKB are sensitive to H2O2-mediated oxidation
665

 (see Fig. 4.12), leading to its 

inactivation following a 30 min exposure to 100 µM H2O2. Uniquely, our data indicate that 

exposure to H2O2, augmented PKB activation in HOSCC cells. It is clear from the H2O2-

responsive pPKB levels and readily reduced PTEN levels that these HOSCC cells have a higher 

H2O2 tolerance, and may use it for their advantage. 
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Figure 4. 12: Oxidation of PKB. H2O2 induces the oxidation of PKB through disulphide bond 
formation between its active Cys296 and Cys310 residues, resulting in its 
reversible inhibition665. Additionally, once oxidized, prevents binding to Hsp90, 
and therefore is susceptible to dephosphorylation by PP2A. 

 

For the first time, we demonstrate that HOSCC cells support the role for H2O2 as a pro-survival 

molecule by activating PKB. Together, our data reveal that unlike the MCF7 and Caco-2 cell 

lines, PP2A is not a major regulator of PI3K and PKB activity in the HOSCC cell lines. 

Irrespective of the low PTEN levels in HOSCC cells; these data also indicate that the attenuated 

levels of pPKB are indeed partially mediated by PTEN. It is clear however, that PTEN is 

susceptible to oxidation by H2O2, and that its expression is very stable in these HOSCC lines. 

The question thus becomes; what maintains these low and stable levels of PTEN?  
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Chapter 5 
The role of the 26S proteasome in the 

regulation of PTEN in HOSCC cells 

 

5.1 Introduction 

PTEN is one of the key antagonizers of the PI3K/PKB pathway
666

, yet its contribution to cancer 

cells that retain its expression, is still unclear
233,570,596,667

. What is known is that the metastatic 

potential of cancer cells are exemplified by their ability to lose or reduce cellular levels of 

PTEN
632, 668,669

. This is substantiated by studies demonstrating the significant impact that 

overexpression and/or reinstatement of PTEN has on attenuating the migratory and invasive 

capabilities of cancer cells
670,

 
671

. With this in mind, it is not surprising that the efficacy of 

various drugs in cancer therapy have been linked to their ability to preferentially upregulate 

cellular PTEN levels
672, 673, 674

. Similar to oesophageal cancer, certain breast and lung cancer 

cells rarely possess PTEN mutations, yet hyperactivation of the PI3K/PKB pathway is still 

observed
536, 675,

 
676

. Since these 5 HOSCC cell lines are highly metastatic
333

, how do they escape 

the antagonistic function of PTEN towards the PI3K/PKB pro-survival signalling pathway? 

 

Over the past decade it has become apparent that the molecular intricacies governing the stability 

and activity of PTEN are extremely complex and largely unknown
677, 678

. A conspicuous finding 

was that it can be regulated on a transcriptional, translational and post-translational level by 

several proteins and transcription factors (TFs), that have been shown to be cell-type specific
209

. 

PTEN is considered to be a haplo-insufficient gene and quasi-sufficient protein
679, 680

. Thus, its 

expression is directly proportional to its activity, such that, high PTEN levels actively suppress 

growth, and low levels induce cellular senescence
681

. To date, there are at least 20-30 different 

proteins (kinases and phosphatases), and TFs, that can regulate the expression, stability, activity 

and degradation of this TSP
579, 682, 683

. Some of these factors include; CK2
684

, early growth 

regulated transcription factor (EGR-1)
685
, transforming growth factorβ (TGFβ)

686
, p53

687
, DJ-

1
688

, protein interacting with carboxyl terminus 1 (PICT-1)
689

, peroxisome proliferation-activated 

receptor γ (PPARγ)
690

, nuclear factor of kappa light chain gene enhancer in B-cells (NFκB)
691

, c-

Jun
692

, NEDD4-1
693

, and the 26S proteasome
694

 (some of which are shown in Fig. 5.1). 

Generally, these proteins affect the expression of PTEN by at least two mechanisms. One such 
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mechanism is by phosphorylating the C-terminal tail of PTEN, which is thought to enhance its 

stability while simultaneously masking caspase-3 cleavage sites
695

, enabling its escape from 

degradation via the 26S proteasome (see Fig. 5.1). Secondly, these proteins regulate the 

transcription and thus expression of PTEN
683

. Therefore, impairment of the tumour suppressive 

activities of PTEN in cancer is commonly found attributable to abnormalities in the various 

intermediates that regulate the turnover and activity of PTEN
696, 697,

 
698

. On the basis of data 

presented in the former chapters, it is apparent that the protein levels and activity of PTEN are 

deregulated in the WHCO and SNO HOSCC series. This view is consistent with work performed 

by Shen-Li et al.
699

 who demonstrated that a partial reduction in PTEN cellular levels was 

sufficient to induce the neoplastic state of multiple organs in mice. Therefore, it became 

necessary to understand the regulation of the protein expression levels of PTEN previously 

established in HOSCC cells (Chapter 4, Section 4.3.2).  

 

 

 

Figure 5. 1: The mechanisms known to regulate PTEN expression700. PTEN is regulated at the 
transcriptional level by EGR-1, p53, PPARγ, NFkB, and methylation. The stability 
expression and activity of PTEN is regulated by distinct cell-type specific kinases and 
phosphatases where only a few are illustrated here, namely; DJ-1, PICT-1, and 
NEDD4-1 that ultimately regulate the cellular localization and turnover of PTEN 
through 26S proteasome. PDZ: PDZ domain protein, Ub: Ubiquitin.  
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It is clear from the above that the various intrinsic methods used to regulate PTEN levels are 

tightly linked to its synthesis and degradation via the protein degradation machinery; the 26S 

proteasome
701

 (see Fig. 5.1). Thus, the degradation of PTEN via the 26S proteasome became an 

essential component to evaluate in order to understand its regulation in HOSCC. 

 

The 26S proteasome is a large protease that identifies and degrades proteins tagged for 

destruction by the ubiquitin system
702

. Proteasomal degradation is a highly sophisticated and 

regulated process that controls the expression of a wide variety of pro-survival and pro-apoptotic 

proteins and TFs, such as p53, c-Myc, β-catenin, E-cadherin, PTEN, the MAPK pathway, NFkB, 

the cyclins (i.e. CyclinD1, Cyclin B), and cyclin-dependent kinase inhibitors (i.e. p21)
703, 704, 705

. 

Bortezomib (formerly known as PS-341, Velcade®) is a dipeptide boronic acid derivative that is 

a potent and reversible inhibitor specifically targeting the enzymatic activity of the 26S 

proteasome
706, 707

. Its efficacy has been demonstrated in vitro and in vivo and is currently being 

used for the treatment of multiple myeloma
708, 709

.  

 

To complicate matters, these proteins and TFs that regulate PTEN (see Fig. 5.1) are in turn, also 

subject to proteasomal degradation
710, 711

. To address this problem, in addition to the 

standardized HT29 and MCF7 controls used throughout this study, six additional cell lines were 

incorporated in this chapter, that have either been exposed to Bortezomib (Bzb) previously, or 

possess individual molecular characteristics pertaining to the intracellular regulation and 

degradation of PTEN (see Table 5.1, Materials and Methods). Hence, by using Bzb to 

specifically inhibit the proteasome, it is shown that relative to another proteasomal target; β-

catenin, PTEN is indeed subject to degradation by the 26S proteasome in the five WHCO and 

SNO HOSCC series. We have discovered the integral role of H2O2 in the regulation of PTEN 

activity in HOSCC (Chapter 4, Section 4.3.4). Since many studies have shown that proteasome 

inhibition induces the production of H2O2
712, 713, 714, 715, 716 

; we also report here that the results 

obtained in the former chapter are independent of the 26S proteasome. 
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5.2 Materials and Methods 

 

5.2.1 Cell lines and their Culture 

In addition to the WHCO, SNO, HT29 and MCF7 cell lines used throughout this study, the 

COS-7, HEK293, NIH3T3, Caco-2, DLD-1, and Sw480 control cell lines were included (all 

provided by the ECACC, see Table 5.1). The cells were grown and cultured as previously 

described; see Chapter 2, Section 2.2.1. Note: Any specific references used throughout this 

chapter pertaining to these control cells can be found in Table 5.1. Where necessary, 

references are provided.  

 

5.2.2 Antibodies 

PI3K (p85α), β-actin, β-catenin, and pro-caspase-3 were specifically detected using rabbit 

polyclonal antibodies derived from Upstate Biotechnology, Sigma, and Santa Cruz 

Biotechnology respectively. The Ser473, Ser9, and Ser46 phosphorylation of PKB, GSK3β, 

and p53 as well as endogenous PTEN and cleaved caspase-3 (Asp175) levels were 

specifically detected using rabbit polyclonal antibodies obtained from Cell Signalling 

Technology. The secondary antibody, HRP-bound goat- anti-rabbit IgG (Sigma), was used for 

the specific detection of all rabbit polyclonal antibodies during immunoblotting. 

 

5.2.3 Whole cell protein extraction 

As described in Chapter 2, Section 2.2.5. 

 

5.2.4 Protein Estimation 

As detailed in Chapter 2, Section 2.2.8. 

 

5.2.5 Polypeptide Resolution and Western Immunolotting 

40 μg of whole cell protein extracts were resolved on a 12% SDS-PAGE (Appendix D 4.1) as 

detailed in Chapter 2, Section 2.2.9. For optimal detection of total protein expressed, the 

loading varied between the different proteins under examination, but was kept consistent 

throughout this study, e.g. 40 μg of protein was loaded for PI3K (p85α) detection. Non-

specific binding sites on the nitrocellulose membrane were blocked by incubation in 

BLOTTO for 1 hour (hr) at RT. Following three 5 min washes in TBS/T, blots were incubated 

overnight in the primary anti-cleaved-caspase-3 (1:500) and anti-Phospho-p53 (1:500) 

antibodies diluted in 5% BSA in TBS/T at 4 °C with gentle agitation. Unbound primary from 

the blots were removed by three 5 min washes in TBS/T that preceded a 1 hr incubation in the 
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secondary HRP-conjugated goat-anti-rabbit (1:2000) diluted in BLOTTO. For pro-caspase-3 

detection, non-specific binding was blocked by 1 hr incubation in BLOTTO. Subsequent to 

six quick PBS washes, blots were incubated for 2 hrs in anti-pro-caspase-3 (1:500) that was 

followed by six 5 min PBS washes to remove unbound primary antibody.  Blots were 

incubated in secondary HRP-conjugated goat-anti-rabbit (1:12500) for 1 hr. Thereafter, all 

membranes were exposed to Supersignal West Pico Chemiluminescent working solution and 

film as described in Chapter 2, Section 2.2.9. Immunoblot detection for PI3K (p85α), β-actin, 

β-catenin, pPKB, pGSK3β, and PTEN were carried out as detailed in Chapter 2, Section 2.2.9 

and Chapter 4, Section 4.2.8. The experiment was repeated three times. Note: All antibodies 

were diluted in PBS and experiment was conducted at RT, unless otherwise stipulated.  

 

5.2.6 Colorimetric MTT (tetrazolium) assay 

The MTT assay was carried out as detailed by Mosmann
717

 and Holst-Hansen, et al.
718

 

Briefly, a population of 10 000 cells were plated on 96 well plates for 18 hrs to enable them to 

adhere under conditions described in Chapter 2, Section 2.2.1. Thereafter, the cell medium 

was changed, and cells were left to proliferate for a period of 6, 12, and 24 hrs. After the 

appropriate incubation periods, the medium was discarded from the respective wells and 

incubated for 3 hrs at 37 °C, 5% CO2 in 200 µl of the MTT solution (Appendix D 4.2). The 

resultant formazan crystals were dissolved in 1 hr incubation in DMSO. The colour intensity 

(absorbance) was measured at a wavelength of 490 nm using the iMarkTM microplate reader 

(Bio-Rad). The percentage of cell proliferation was calculated relative to the control cells that 

were not left to proliferate. The experiment was repeated three times. Note: Only the 

WHCO1, MCF7, HEK293, and NIH3T3 cells were selected as representatives for the MTT 

assay. 

 

5.2.7 Proteasome Inhibition through exposure to Bortezomib (Bzb). 

Due to the fact that Bzb is a reversible proteasome inhibitor
719

, and based on a series of 

studies demonstrating a sustained proteasome inhibition for 24 hrs
720, 721

, we estimated its 

duration of action and concentration by exposing cells for a 24 hr period to various Bzb 

concentrations. Furthermore, according to the literature, concentrations exceeding 200 nM 

induces apoptosis
722, 723, 724, 725

. Since the purpose of this experiment was not to induce 

apoptosis, concentrations higher than 200 nM were excluded. Therefore, cells reaching 80% 

confluence were treated with 1 nM, 5 nM, 10 nM, 25 nM, 50 nM, 100 nM, and 200 nM 

concentrations of Bzb (Appendix D 4.3) under serum conditions for a period of 24 hrs. An 

untreated dish containing DMSO served as a control for the experiment. After the 24 hr 
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incubation, whole cell protein extractions were performed as detailed below and as previously 

described (see Chapter 2, Section 2.2.5).  

 

5.2.8 Whole cell protein extraction of attached versus detached Bzb-treated cells. 

Since Bzb has been reported to adversely affect cell adhesion in epithelial cells
726

, we initially 

collected both attached and detached cells from the WHCO1 and HEK293 cell lines exposed 

to Bzb described above.  These cell lines were specifically chosen based on the significant 

(WHCO1) and insignificant (HEK293) proliferation rate at 6, 12 and 24 hr periods (see 

Appendix D 4.4). Briefly, the medium from the Bzb-treated cells was carefully removed into 

a separate Eppendorf, and spun for 3 mins at 1200 X g in the TOMY Capsule HF-120, 

washed in 1 ml PBS, resuspended and boiled for 5 mins in single lysis buffer. Extraction of 

protein from the attached cells was carried out as detailed in Chapter 2, Section 2.2.5. 

 

5.2.9 Densitometry 

Labworks TM Image Acquisition and Analysis software (Labworks version 4.5) was used for 

densitometric analysis to semi-quantitatively determine the concentration level of PI3K 

(p85α), pPKB (Ser473), pGSK3β (Ser9), PTEN, and β-catenin detected through western 

blotting. Note: the densitometric analysis results are an average of 3 separate repeated 

experiments and represented as a percentage of the maximum concentration. 

 

5.2.10 Image Capturing 

All western blot and SDS-PAGE images were captured on a Hewlard Packard Scanjet 4400c 

series scanner at 300dpi, contrast and brightness of all images were standardised using 

CorelDRAW version 12®. 

 

5.2.11 Statistical Analysis 

Statistical analysis results are inclusive of three independent experiments (mean ± S.D). 

Statistical analyses were performed using One Way Repeated Measures Analysis of Variance 

(Holm-Sidak method). All calculations of statistical computations were carried out using the 

SigmaPlot Release 11.0® statistical software. P-values > 0.05 were considered not to be 

significant. Note: Based on the fact that statistical analysis requires a minimum of three 

independent experiments, an example of the three blots for the figures in this chapter was 

chosen (i.e. nothing is gained by showing all three). 
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5.2.12 Figure Design 

All schematic diagrams were designed using the Pathway Builder Tool version 2.0, unless 

otherwise stipulated. 
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Table 5. 1: Brief summary of proteins known to interact with and regulate PTEN in the various cell lines used as positive controls for comparative   
purposes.  

Name Function
682 

HT29 MCF7 COS-7 HEK293 NIH3T3 Caco-2 DLD-1 Sw480 

          CK2 Generates cas-3 resistant sites on PTEN high activity
727

 
high 

activity
727 

reg 
proteasome low levels

728
 low levels

728 
high 

activity
727 

high 
activity

728 
high 

activity
727 

26S 
Proteasome Degrades PTEN low activity 

 
high 

activity
729

 Deg PTEN
831 

Deg PTEN active
730

 high activity 

High 

activity
731 high activity  

 
Velcade/Bzb 

Specifically inhibits catalytic site of 26S 
proteasome sensitive

732
 resistant

719 
N.D. 

      Inhibits        

ubiquitination
733        N.D. resistant resistant

734
 resistant

735
  

c-Jun Suppresses PTEN mRNA and protein 

 
reg PTEN, 

high levels
736

 
dominant 

negative
737

 N.D. 
high levels,  
med PTEN 

wt
738

 and 

active
739 

high levels,  
med PTEN 

high levels,  
med PTEN 

high levels,  
med PTEN  

  

  
 

 
 

   
  

EGR-1 Induces PTEN expression in response to H2O2 N.D. absent
740

 N.D.            N.D. active
741

 active742 active  active 
 

DJ-1 Inhibits PTEN during oxidative stress high levels active743 robust levels744 robust levels745 wt746 N.D. N.D. low levels 
 

 
PTEN Antagonizes PI3K/PKB pathway high levels331 O.E.747 

highly 
acetylated748 

low levels, 
activity749, high levels high levels331 

high 
levels331 high levels331 

  

    

and acetylation750 

   

  

MAGI-2 Enhances PTEN membrane association and stability 
PTEN 

interaction751 

 

PTEN 
interaction831 

PTEN 
interaction751 

PTEN 

interaction752 
PTEN 

interaction751 

PTEN 

interaction 
PTEN 

interaction  

NEDD4-1 Ubiquitinates PTEN N.D. 
low      

levels
753

 active754 high levels
693         N.D. N.D. N.D. N.D.  

p53 Up-and down-regulate PTEN levels mtR273H755 Wt1112 N.D. wt756 
active, 

low levels757 mtp53755 mtR241F758 Inactive755 

PICT-1 Promotes phosphorylation&stabilization of PTEN N.D. active689 N.D.             N.D. N.D. 

  

  

PPARγ Protects PTEN from oxidation-induced inactivation active, absent759 N.D. wt760 N.D. active761, active, active761, 

  

 

high levels 

    

high levels 
high 

levels
761 

high levels 

XIAP Regulates PTEN ubiquitination O.E.762 
low 

levels763 N.D. wt764  N.D. O.E.762 O.E. O.E. 
Deg: degrades, wt:wild-type, reg:regulates, N.D.:Not Determined,   
cas-3: caspase-3, O.E.: Overexpressed, med: mediates, mt: mutant 
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5.3 Results 

 

5.3.1 Relative expression of PI3K (p85α) levels in the panel of cells used as controls.  

 

It became necessary to develop a set of cell lines displaying individualized characteristics 

with respect to PI3K (p85α) protein levels, despite having established the levels of PI3K 

(p85α) in HOSCC cells (Chapter 2, Section 2.3.2). This formed a comparative backdrop for 

any significant changes in PI3K (p85α) expression as a result of proteasome inhibition (PI).  

Here, when the known levels of PI3K (p85α) in the 5 HOSCC cell lines (see Fig. 2.7) were 

compared to its expression in the cells used as controls (Fig. 5.2A); we verify that HOSCC 

cells express high levels of PI3K (p85α). This was specifically represented in the WHCO5, 

WHCO6 and SNO cell lines (Fig. 5.2B). With respect to the controls, the expression of PI3K 

(p85α) was highest in the wtp85α NIH3T3 fibroblasts, which was similar to what was 

demonstrated previously in this cell line
765

. Consistent with a previous report, levels of PI3K 

(p85α) were low in the mtPIK3CA Sw480 and DLD-1 colon cell lines
331, 766

 , and in the 

wtp85α COS-7
60

 cells (Fig. 5.2). On the other hand, in the wtp85α expressing HEK293
767

 

cells, levels of PI3K (p85α) were relatively high. 

 

5.3.2 Comparative analysis of PTEN protein levels in HOSCC cells with respect to the 

control cells. 

 

Similar to PI3K (p85α), it was imperative to compare the protein concentrations of PTEN 

established in the 5 HOSCC cell lines (Chapter 4, Section 4.3.2) to those previously 

determined in the cell lines used as controls, in order to fully appreciate any changes that may 

be induced from PI. Pertaining to the expression of PTEN in the HOSCC cell lines (Chapter 

4, Section 4.3.2, Fig. 4.5); it is clear that HOSCC cells, against the known low expressers of 

PTEN (HEK293, Sw480 and Caco-2 cell lines, see Table 5.1) (Fig. 5.3A), possess low PTEN 

protein levels (Fig. 5.3B). As determined previously (see Fig. 4.5), levels of PTEN remain 

highest in the MCF7 control cell line when compared to the cellular milieu used here (Fig. 

5.3B). Consistent with a previous report, levels of PTEN were high in the NIH3T3 fibroblasts 

(see Table 5.1 and Fig. 5.3). Indicative of their stable PTEN levels, the COS-7 and DLD-1 

cell line (Table 5.1), demonstrated high levels of PTEN (see Fig. 5.3).  
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A) 

 

 

 B) 

 

 

Figure 5. 2: PI3K (p85α) is highly expressed in HOSCC cells in comparison with the control 
cells. A) PI3K (p85α) western blot analysis of 20 μg of whole cell protein extracts 
from the COS-7, HEK293, NIH3T3, Caco-2, DLD-1, and Sw480 cell lines (see 
Appendix A 1.6.6 and 1.7.5 for representative standard curve and 10% SDS-
PAGE). Lanes 1-7 represent the WHCO6, COS-7, HEK293, NIH3T3, Caco-2, DLD-1, 
and Sw480 cell lines respectively. The WHCO6 cell line served as an loading 
control for comparison against the PI3K (p85α) immunodetection of the HOSCC 
cell lines in Chapter 2, Section 2.3.2, Fig. 2.5. B) Densitometric analysis of PI3K 
(p85α) detection in the form of a band at 85 kDa. Experiment was repeated three 
times (mean ± s.d.). See Appendix D, Table D1 for mean optical density values. 
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 A) 

 

 

 B) 

           

 

 

Figure 5. 3: Within a panel of cell lines, HOSCC cells express low levels of PTEN. A) 10 ug of 
whole cell protein lysates were immunoblotted for the total expression levels of 
PTEN in the COS-7, HEK293, NIH3T3, Caco-2, DLD-1, and Sw480 cell lines (see 
Appendix A 1.6.6 and 1.7.5 for representative standard curve and 10% SDS-
PAGE). Lanes 1-7 represent the WHCO6, COS-7, HEK293, NIH3T3, Caco-2, DLD-1, 
and Sw480 cell lines. The WHCO6 cell line served as a control for comparison 
against the PTEN immunodetection of the HOSCC cell line in Chapter 4, Section 
4.3.2; Fig. 4.5. B) PTEN detection in the form of a band at 54 kDa was quantified 
through densitometry. The experiment was repeated three times (mean ± s.d.); 
see Appendix D, Table D1 for mean optical density values. 
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5.3.3 Inhibition of the 26S proteasome in HOSCC cells. 

 

Bortezomib (Bzb) is used commonly for the investigation and manipulation of the 26S 

proteasome in various cellular systems
768, 769,

 
770

. Recent evidence highlights that proliferating 

cells are more sensitive to Bzb than quiescent or normal cells
771

, and that Bzb reaches its 

maximum inhibitory potential within the first 24 hours (hrs)
772

. It became mandatory to 

confirm whether a significant increase in the proliferation rate of the 5 HOSCC cell lines can 

be detected at 24 hrs. 

 

5.3.3a Evaluation of the proliferation rate of HOSCC cells. 

 

At 24 hrs, a definitive increase in the cell proliferation (p<0.001) of the representative 

HOSCC WHCO1 cell line was exhibited, as measured using the MTT assay (Fig. 5.4). No 

significant changes were detectable at 6 and 12 hrs (Fig. 5.4). The rise in cell proliferation 

post 24 hrs in the MCF7 cell line is consistent with its growth rate previously 

established
773

. As the HEK293 cell line has been previously shown to proliferate within 33 

hrs
774

, no significant changes in its cell proliferation were observed. In agreement with a 

previous report
775

; the cellular proliferation was highest in the NIH3T3 fibroblasts and 

most significant increases were detectable at periods of 6, 12 and 24 hrs (see Fig. 5.4). 
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Figure 5. 4: HOSCC cells proliferate within 24 hours. Cells from the WHCO1, MCF7, HEK293 
and NIH3T3 were plated on a 96 well plate, and given 6, 12, and 24 hrs to 
proliferate as described under Materials and Methods. The absorbance readings, 
representative of the number of proliferating cells were taken at 490 nm. Data 
are given as an average of triplicate (mean ± s.d.) *, significantly different from 
the control, P<0.05. See Appendix D 4.4 for mean absorbance readings and 
statistical analysis. 
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5.3.3b Bortezomib (Bzb) utilizes p53-independent mechanisms in HOSCC cells. 

 

The literature is clear about the ability of Bzb to induce apoptosis at unique IC50 values in a 

wide variety of tumour cells
776, 777

. Bzb-induced apoptosis can be coordinated either 

through p53-dependent or p53-independent methods
674, 778

. p53-dependent mechanisms 

include the attenuation of p53 degradation through the up-regulation of its Ser46 

phosphorylation leading to the activation of apoptosis
779

, while p53-independent 

mechanisms entail the endoplasmic reticulum (ER)-stress-induced cleavage and activation 

of pro-caspase-3
780

. Due to the fact that PTEN degradation proceeds in both a caspase-3- 

and 26S proteasome-dependent manner
695

, these factors were included when examining the 

effect of proteasome inhibition (PI) on PTEN. Since both the Ser46 phosphorylation of p53 

and pro-caspase-3 cleavage are used as indicators for this apoptotic induction
781, 750, 725

, 

both were assessed in order to determine which of the two may be a useful marker for 

apoptosis in this study. With respect to the significant increase in cell proliferation after 24 

hrs in the WHCO1 cell line, and the lack thereof in the HEK293 cell line (Fig. 5.4), made 

them ideal for the initial evaluation of Bzb-induced PI. Moreover, research has 

demonstrated the negative influence that Bzb has on cell adhesion
726,782,725

. This led us to 

incorporate the specific effects it may have on attached versus detached cells.  

 

Using expression levels of another proteasomal target; β-catenin
730

, as confirmation for PI, 

we show through western blot analysis that levels of β-catenin are increased upon PI 

induced in attached WHCO1 and HEK293 cells at low concentrations of Bzb (1-25 nM) 

(Fig. 5.5A, B, and C). This increase was followed by a consistent decline in β-catenin 

levels at higher Bzb concentrations (> 25 nM) in the attached cells (Fig. 5.5A, B, and C). 

The appearance of cleaved-caspase-3 (active) that is simultaneous with a decrease or 

absence in pro-caspase-3 (inactive) is indicative of apoptotic induction
780

. Therefore, the 

reduction in β-catenin at these higher concentrations of Bzb may be attributable to the 

presence of cleaved-caspase-3 (active) in both the attached WHCO1 and HEK293 cells 

(see in Fig. 5.5A, B, and C). On account of its cell adhesive roles
783

, it is no surprise that 

the expression of β-catenin following PI was reduced in the detached WHCO1 cells (Fig. 

5.5A and C). Levels of β-catenin in the detached HEK293 cells were completely absent 

(Fig. 5.5B and C). Western blot analysis also showed a dose-dependent rise in PTEN up to 

25 nM Bzb in the attached WHCO1 cells, whereas levels of PTEN initially declined, 

followed by a sharp increase at 10 nM Bzb in attached HEK293 cells (see Fig. 5.5A, B, 

and D). Expression of PTEN was highest following exposure to 200 nM Bzb in the 
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attached WHCO1 cells, despite the distinct fall in PTEN at lower Bzb concentrations (Fig. 

5.5A, B and D). The drop in PTEN concentration paralleled the loss of pro-caspase-3 

(inactive), and presence of cleaved-caspase-3 (active) in the attached WHCO1 cells at 

higher Bzb concentrations; indicating the caspase-3-dependent reduction in PTEN protein 

(see Fig. 5.5A and D). No link between caspase-3 activation and PTEN protein expression 

was seen in the HEK293 cells.  

 

Proteasome inhibition resulted in an initial drop in pPKB, followed by its immediate 

absence in the attached WHCO1 cells (as shown in Fig. 5.5A and E). This process 

appeared to be both PTEN- and caspase-3-dependent, as seen by the simultaneous increase 

and appearance in PTEN and cleaved-caspase-3 levels respectively (see Fig. 5.5A). 

However, a similar trend was not observed in the HEK293 cell line. Instead, the 

concentration of pPKB peaked at 25 nM Bzb, which, relative to the DMSO control, was 

normalized at higher concentrations of Bzb (Fig. 5.5B and E).  This occurred in the 

presence of sustained pro- and cleaved-caspase-3 (Fig. 5.5B). pPKB was undetectable in 

both the WHCO1 and HEK293 detached cells (Fig. 5.5A and B). While the Ser46 

phosphorylation status of p53 remained unchanged following PI in the HEK293 cell line, 

no levels were detected in the WHCO1 cell line (Fig. 5.5A), suggesting that Bzb utilizes 

p53-independent mechanisms. Consistent with the findings by Mayo, et al.
779

 and 

Kurihara, et al.
784

, we show that cleavage, and thus activation of caspase-3 is a more 

appropriate marker than p-p53 (Ser46) for the apoptotic effects conducted by Bzb in the 

representative WHCO1 HOSCC cell line (Fig. 5.5A).  Based on these results, we inhibited 

the proteasome using Bzb in the four HOSCC cell lines (WHCO3, WHCO5, WHCO6 and 

SNO), as well as the additional tumour cell lineages used as controls, but only collected 

attached cells and used pro- and cleaved-caspase-3 as a marker for Bzb-induced apoptosis. 
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 A) 

 

 

B) 

 

 
 
See page 150 for figure legend. 
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C) 

   
 
D) 

   
See next page for figure legend. 
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E) 
 

  
 

 
 

Figure 5. 5: Inhibition of the 26S proteasome attenuates PI3K/PKB signalling, and stabilizes PTEN via caspase-3-dependent mechanisms. 
WHCO1 (A) and HEK293 (B) cells were treated for 24 hrs with and without the proteasome inhibitor, Bortezomib (Bzb) at various 
concentrations (1, 5, 10, 25, 50, 100, and 200 nM).  Based on their sensitivity, attached (A) and detached (D) cells were collected. The 
expressions of β-catenin at 90 kDa, PTEN at 60 kDa, p-PKB (Ser473) at 60 kDa, PI3K (p85α) at 85 kDa were evaluated after Bzb 
treatment through western blot analysis. Detection of pro-caspase-3 (inactive) and cleaved-caspase-3 (active) (in a range of 28-17 
kDa), as well as p-p53 (Ser46) was used to assess the point at which Bzb triggers apoptosis. A standardized loading control (L/C) was 
included in each western blot analysis to allow for comparison between the various immunoblots. No band was present in the control 
(C) lane for Cl-cas3, as only cells entering apoptosis would demonstrate such cleavage. All experiments were conducted under serum 
conditions. β-actin was used as an internal control. The experiment was performed in triplicate, and the band representing β-catenin, 
PTEN and pPKB were quantified through densitometry and represented in a bar graph in C), D), and E) respectively.  
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5.3.3c The expression of PTEN is upregulated in response to proteasome inhibition. 

 

The 26S proteasome is indeed active in the HOSCC cell lines, as seen by the significant 

(P<0.001) elevation in the concentration of β-catenin in the WHCO5, WHCO6, SNO and 

including WHCO1 cell lines subsequent to PI in Figs. 5.6 and 5.7. For the sake of clarity 

two bar graphs are provided. The first allows us to demonstrate the statistical significance 

of β-catenin levels (Fig. 5.7A), and the second merely mimics the graphical representation 

of these changes to facilitate visual interpretation (Fig. 5.7B). β-catenin decreased in a 

dose-dependent manner in the WHCO3 cell line (Fig. 5.6 and 5.7). Similar to the β-catenin 

response in the WHCO1 cell line, levels of β-catenin in the WHCO5 cell line dropped at 

higher concentrations of Bzb (Fig. 5.7B). Furthermore, in the representative WHCO3, 

WHCO6, and SNO cell lines; this increase was indicative of a successful PI evidenced by 

an increase and decrease in cleaved-caspase-3 (active) and pro-caspase-3 (inactive) (see 

Fig. 5.6B). Interestingly, expression of β-catenin increased in a dose-dependent manner up 

to 50 nM Bzb in the MCF7 control, despite it not possessing functional caspase-3
785

. An 

increase in β-catenin was also detected in the Bzb-resistant controls (Caco-2, DLD-2, and 

Sw480, see Table 5.1), whereas levels of β-catenin dropped substantially at high Bzb 

concentrations in the Bzb-sensitive HT29 control (see Fig. 5.6A and Fig. 5.7). PI is further 

strengthened by the noteworthy up-regulation in levels of β-catenin in the NIH3T3 

fibroblasts, which possess full length β-catenin that is subject to degradation by the active 

26S proteasome previously established
730

. Distinct from the WHCO3 and WHCO6 cell 

lines, the SNO cell line tolerated higher concentrations of Bzb, evidenced by the delayed 

caspase-3 cleavage (activation) as opposed to the caspase-3 cleavage detected at lower Bzb 

concentrations in the WHCO3 and WHCO6 cell lines (Fig. 5.6B). The extremely high 

concentration of β-catenin in the Caco-2 cell line, is due to the presence of double β-

catenin and APC mutations
786

. 

 

On the basis that the activity of the 26S proteasome can easily be manipulated through Bzb 

(Fig. 5.6 and 5.7), the impact it would have on PTEN protein levels was tested. The total 

cellular protein concentrations of PTEN in the HOSCC cells were significantly elevated in 

response to PI (P<0.05), albeit to unique degrees (Fig. 5.8). Two graphs are provided for 

clarity; as described above (Fig. 5.8B and C). As can be seen in Fig. 5.8B and C, this 

increase is only observed in the WHCO1, WHCO3, WHCO6, and SNO HOSCC cell lines. 

Irrespective of the cleaved caspase-3 (active) status in the WHCO3 and WHCO6 cell lines 

specifically, PTEN expression was still up-regulated (Fig. 5.6B and 5.8A). While PTEN 
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levels continue to rise in a Bzb dose-dependent manner in the WHCO3 cell line, a drop in 

its levels was observed at higher concentrations of Bzb in the WHCO1, WHCO6, and SNO 

cell lines (Fig. 5.8B and C). This result was consistent with the increase in PTEN observed 

in the high expressing PTEN controls; Caco-2 and DLD-1 (see Table 5.1 and Fig. 5.3) 

(Fig. 5.8B and C). It was interesting to note that the expression of PTEN was reinforced in 

the WHCO3 and SNO cell line at the strongest concentration of Bzb (p<0.005), whereas 

the WHCO1, WHCO5, and WHCO6 cell lines exhibited down-regulation in PTEN levels 

at this concentration (see Fig. 5.8). In contrast, a significant (P<0.05) decrease in PTEN 

protein expression was shown in the WHCO5 cell line that was not accompanied by any 

reinforcement in its protein levels (Fig. 5.8). This was similar to the down-regulated levels 

of PTEN illustrated in the Bzb-resistant and sensitive MCF7 and HT29 controls 

respectively (Fig. 5.8 and see Table 5.1, Materials and Methods). Accumulatively these 

data indicate that cellular levels of PTEN are regulated by the 26S proteasome, but are 

resistant to caspase-3 cleavage.
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See next page for legend. 
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Figure 5. 6: Inhibition of the 26S proteasome attenuates the stability of β-catenin in HOSCC 
cells. A) The 4 HOSCC cell lines (WHCO3, WHCO5, WHCO6, and SNO), in addition to 
the HT29, MCF7, COS-7, NIH3T3, Caco-2, DLD-1 and Sw480 control cell lines were 
treated for 24 hrs with and without (DMSO) the proteasome inhibitor, Bzb.  The 
expression of β-catenin at 90 kDa, was evaluated through western blotting (see 
Appendix A 1.6.6 and 1.7.5 for representative standard curve and 10% SDS-PAGE). 
The smears are suggested to be indicative of ubiquitin730, 787. B) To assess the point 
at which Bzb induces apoptosis, western blot detection of pro-caspase-3 (inactive) 
and cleaved-caspase-3 in a range of 28-17 kDa (active), was assessed in the WHCO3, 
WHCO6, SNO and the caspase-3-null cell line, MCF7788 exclusively. A standardized 
loading control (C) was included in each western blot analysis to allow for 
comparison between the various immunoblots. No band was present in the control 
(C) lane for Cl-cas3, as only cells entering apoptosis would demonstrate such 
cleavage. Cells treated with DMSO served as a reagent control. All experiments 
were conducted under serum conditions and performed in triplicate. β-actin was 
used as an internal control. 

 
 
 

5.3.3d Levels of pPKB and PI3K (p85α) are sensitive to PI in HOSCC cell lines. 

 

Any change in the cellular concentrations of PTEN greatly influences its activity
446

. Since 

significant changes in its expression were obtained as a result of PI (see Fig. 5.8); the effect 

PI would have on its targets; pPKB and PI3K (p85α) was examined. Additionally, reduced 

levels of pPKB have been coupled to Bzb sensitivity
789, 790, 791,

 
792

. Quantification of 

western blot analysis showed that, similar to what was found above (see Fig. 5.5A and E), 

PI induced an early induction in pPKB that followed an immediate and strong attenuation 

in its levels (P<0.05) in the WHCO1 and WHCO5 HOSCC cell lines (see Fig. 5.9). No 

initial increase in pPKB was introduced following PI in the WHCO6 cell line. Levels of 

pPKB was similarly affected by Bzb in the stable PTEN COS-7 expressing control. The 

reduction in pPKB levels in WHCO1 and WHCO6 cell lines corresponded with elevated 

PTEN expression (see Fig. 5.8 and 5.9). These data indicate that the escalation in PTEN 

levels following Bzb (see Fig. 5.8) also affects its activity.  
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A) 

 

See next page for legend. 
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B) 

 
 
Figure 5. 7: The proteasome is inhibited following exposure to Bzb, evidenced by elevation in β-catenin levels. A) The band representing β-catenin 

following PI was quantified through densitometry. Data are given as an average of triplicate (mean ± s.d.) *, significantly different from 
control, P<0.05. Comparison between the various Bzb concentrations against the DMSO control were analysed using the ONE-WAY 
ANOVA, see Appendix D, Table D2 for statistical analysis. B) Simplified bar graph of the changes in β-catenin expression following Bzb 
exposure mimicking the results displayed in (A). 
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A) 

 

See next page for legend. 
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B) 

 

See next page for legend. 
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C) 

 
 

Figure 5.8: The 26S proteasome plays a major role in the degradation of PTEN in HOSCC cells. A) Cells (WHCO3, WHCO5, WHCO6, SNO, HT29, 
MCF7, Cos-7, NIH3T3, DLD-1 and Sw480) were treated with and without various concentrations of the proteasome inhibitor, Bzb (1-200 
nM) for a 24 hr period, and levels of PTEN were subsequently assessed through western blotting (see Appendix A 1.6.6 and 1.7.5 for 
representative standard curve and 10% SDS-PAGE). A standardized loading control (C) was included in each western blot analysis to allow 
for comparison between the various immunoblots. DMSO was used as reagent control. All experiments were conducted under serum 
conditions and in triplicate. β-actin was used as an internal control. Red arrow is considered to be indicative of ubiquitin tags793. B) The 
single band detected at 54 kDa representing PTEN was quantified through densitometric analysis. Data are given as an average of three 
independent experiments (mean ± s.d.)  * Significantly different from control, P< 0.05. See Appendix D, Table D3 for statistical data. C) 
Simplified bar graph of the changes in PTEN levels following Bzb exposure mimicking the results displayed in (B).  
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Inhibition of the 26S proteasome did not induce levels of pPKB in the WHCO3 cell line 

(Fig. 5.9A). Interestingly, a small, yet significant (P<0.05) increase in pPKB was observed 

in the NIH3T3 control, even though the basal levels of pPKB, similar to the WHCO3 cell 

line, are not detectable (see Fig. 5.9A and B). In contrast, pPKB increased substantially in 

the SNO HOSCC cell line at higher Bzb concentrations (see Fig. 5.9B). This is consistent 

with the increase in pPKB levels obtained in the two Bzb-resistant controls (MCF7 and 

DLD-1). Overall, the HOSCC cell lines, with the WHCO3 and SNO being the exception, 

displayed an initial increase in pPKB, followed by an immediate deterioration in its levels. 

However, subsequent to an initial up-regulation in pPKB at distinct Bzb concentrations, 

levels of pPKB were lowered in both the Bzb-sensitive (HT29) and Bzb-resistant (Sw480) 

cell lines. 

 

PI lowered PI3K (p85α) protein expression (P<0.05) at high Bzb concentrations in the 

WHCO1, WHCO5, WHCO6, and SNO HOSCC cell lines, albeit to varying degrees (as 

shown in Fig. 5.10). In the WHCO3 and WHCO5 HOSCC cell lines specifically; this 

reduction was preceded by an initial increase in PI3K (p85α) expression. This was 

consistent with the drop attained in PI3K (p85α) levels in the HEK293 control, even 

though it was at higher concentrations of Bzb (see Fig. 5.10B). Controls possessing 

mtPIK3CA (MCF7, HT29, DLD-1 and Sw480) demonstrated a dose-dependent decline in 

PI3K (p85α) levels (Fig. 5.10B), while the expression levels of PI3K (p85α) remained 

relatively constant in two of the wtPIK3CA control cell lines (NIH3T3 and Caco-2)
794

 (see 

Fig. 5.10). 
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A) 

 

See next page for legend. 
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B)  

 
Figure 5. 9: The 26S proteasome playsa major role in the regulation of pPKB levels in HOSCC cells. A) The 4 HOSCC cell lines (WHCO3, WHCO5, 

WHCO6, and SNO), combined with the various control cell lines (HT29, MCF7, COS-7, NIH3T3, Caco-2, DLD-1, and Sw480) cells were 
treated for 24 hours with and without Bzb at various concentrations ranging from 1-200 nM. We used western blot analysis to evaluate 
the effect PI had on the levels of active PI3K and PTEN through the detection of the Ser473 phosphorylation of PKB (pPKB) at 60 kDa (see 
Appendix A 1.6.6 and 1.7.5 for representative standard curve and 10% SDS-PAGE). A standardized loading control (C) was included in 
each western blot analysis to allow for comparison between the various immunoblots. All experiments were conducted under serum 
conditions and in triplicate. β-actin was used as an internal control. B) The band at 60 kDa indicative of pPKB levels was quantified using 
densitometry and represented in a bar graph (mean ± s.d.). For visual simplicity, ## indicates that difference is insignificant from the 
control, P> 0.05. See Appendix D, Table D4 for statistical analysis demonstrating the significant differences. 

  ## 

  ## 

  ##   ## 
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A) 

 

See next page for legend. 
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B) 

 
 
Figure 5. 10: The protein expression of PI3K (p85α) decreases in response to high concentrations of Bzb in HOSCC cells. A) HOSCC cell lines 

(WHCO3, WHCO5, WHCO6, and SNO), combined with the various control cell lines (HT29, MCF7, COS-7, NIH3T3, Caco-2, DLD-1, and 
Sw480) were treated for 24 hrs with and without Bzb at 1-200 nM concentrations. Western blot analysis was used to evaluate the effect 
PI had on the levels of PI3K (85α) at 85 kDa (see Appendix A 1.6.6 and 1.7.5 for representative standard curve and 10% SDS-PAGE). A 
standardized loading control (C) was included in each western blot analysis to allow for comparison between the various immunoblots. 
β-actin was used as an internal control. B) Densitometric analysis of PI3K (p85α) (mean ± s.d.) confirming that PI3K (p85α) is indeed 
regulated by the 26S proteasome in HOSCC cells. For visual simplicity, ## indicates that difference is insignificant from the control, P> 
0.05. See Appendix D, Table D5 for statistical analysis demonstrating the significant differences. 

## 

## 

## 

##   ## 

## ## 



165 

 

5.4 Discussion 

 

Currently, it is a matter of great interest how particular cancer cells that retain functional PTEN, 

still manage to uphold their metastatic phenotype
670,795, 796

. Under such circumstances, many 

studies have shown the need for these cancer cells to maintain low cellular levels of PTEN
797, 798, 

799, 800,801, 802, 803
, despite the fact that high levels of PTEN appear to be atypical to the metastatic 

potential of liver cancer
804

. Pertinently, the 5 moderately differentiated HOSCC cell lines were 

shown to possess low, yet functional PTEN (Chapter 4, Section 4.3.2 and 4.3.4). In this chapter, 

by focusing on the degradation of PTEN through the 26S proteasome; we provide evidence that 

manipulation of the 26S proteasome activity using Bzb is able to induce the expression of PTEN 

in HOSCC. When interpreting the results obtained from proteasome inhibition (PI), it is 

important to remain cognisant of the dynamic nature of the 26S proteasome
805, 806

. Furthermore, 

the fact that the degradation of both PKB/PI3K as well as their phosphatase, PTEN was shown to 

be regulated by the 26S proteasome adds to the complexity of this data interpretation. The 

various influences that PI had on these respective proteins are discussed below. 

 

5.4.1 HOSCC cells express unique levels of PI3K (p85α) and PTEN.  

 

In order for us to appreciate any changes in the protein levels of PI3K (p85α) and PTEN in the 

5 HOSCC cells as a result of PI, we first compared their basal expression status against a 

range of previously characterized cell lines (see Table 5.1, Materials and Methods). It was 

revealed here that relative to these controls; levels of PI3K (p85α) were specifically high in 

the WHCO5, WHCO6, and SNO HOSCC cell lines, with the WHCO1 and WHCO3 cell lines 

in possession of the least. This implies that unlike the mtPIK3CA controls (MCF7, HT29, and 

DLD-1)
331

  that lose their dependency for p85α, HOSCC cells may be more dependent on 

these levels for the maintenance of their transformed state, especially since they are all 

derived from patients with highly metastatic disease
333

. Hence, these data support what was 

proposed in Chapter 2 (Section 2.4); that elucidation of p85α protein levels may serve as an 

ideal pathological marker for HOSCC. 

 

The quasi-sufficient nature of PTEN allows for the direct association of its low levels to a 

correspondingly high level of pPKB
807

; verified in mice
808

, and which is strongly linked to the 

increasing depth of cellular invasion
809

. Importantly, the levels of PTEN protein previously 

determined in the panel of control cell lines, has been linked to their tumorigenic potential 
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(see Table 5.1).  In this chapter, it was demonstrated, that the protein levels of PTEN are 

down-regulated in the 5 HOSCC cell lines (see Fig.5.3), similar to the low PTEN expressing 

HEK293 cell line (see Table 5.1). Consistent with the low PTEN status reported here; lost 

expression of PTEN, evaluated through immunohistochemistry, significantly correlated to the 

progression and poor prognosis of Chinese oesophageal cell lines, even though the molecular 

mechanisms for this loss was not investigated
810

. c-Jun is one of the key suppressors of PTEN 

transcription and expression
692

. Since the HEK293 cells are known to possess high levels of 

c-Jun, this strongly implicates a role for c-Jun in the low PTEN levels present within the 5 

HOSCC cell lines. Further, the high levels of PTEN in the MCF7 cells (see Fig. 5.3), may be 

explained by the dominant negative form of c-Jun present within this cell line (see Table 5.1). 

Altogether, this compliments a role for c-Jun in the down-regulated PTEN protein levels 

shown in the 5 HOSCC cells. c-Myc, on the other hand, is equally important in attenuating 

PTEN cellular levels, albeit indirectly by regulating p53 transcriptional activity
811

. Of interest, 

c-myc is specifically amplified in the WHCO3 cell line
631

, and thus may explain the 

correspondingly low PTEN levels discovered (see Fig. 5.11). Levels of PTEN are considered 

to be very stable in the HT29 and Caco-2 cell lines; mainly due to the robust interactions that 

exist between PTEN and MAGI-β-catenin at the plasma membrane
751

. As the expression of 

PTEN in the 5 HOSCC cells was comparable to the levels of PTEN in these two cell lines 

(HT29 and Caco-2), it is safe to assume that levels of PTEN, although low, are also stable in 

HOSCC cells. 

 

5.4.2 The 26S proteasome is active and regulates PTEN protein levels in HOSCC cells. 

 

The expression and degradation of PTEN can be regulated by cellular PIP3 levels via 

complex mechanisms
218, 812

. Inhibition of PI3K through LY29 exposure (Chapter 2, Section 

2.3.8), gave rise to a marked reduction in pPKB levels, which is indicative of dampened PIP3 

levels
813

 (see Fig. 2.12).  Furthermore, no subsequent elevation in PTEN levels was evident, 

suggesting that the mechanisms controlling PTEN degradation are perturbed in these cells. 

The function of PTEN, is at least, in part, modulated by its cellular localization
633, 814

. For this 

reason, the cytoplasmic localization of PTEN (Chapter 4, see Fig. 4.7) has been linked to its 

enhanced degradation and a hyper Ser473 PKB phosphorylation status
635, 815

. In contrast, the 

cytoplasmic localization of PTEN in HOSCC cells was associated with low pPKB levels (see 

Fig. 2.7). It was also demonstrated that the activity of PTEN can be manipulated through 

exposure to H2O2 (Chapter 4, Section 4.3.5) which in turn, has been shown to inhibit the 26S 
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proteasome
816

. This raised the intriguing question as to whether the 5 HOSCC cell lines are 

capable of regulating the degradation of PTEN.  

 

Germline mutations in PTEN have been found in a broad range of cancers, such as gastric
817

, 

brain
818

, melanoma
819

, endometrial
820

, prostate
821

, colon
257

 and breast
452

, albeit to independent 

frequencies. While the mechanisms for low PTEN expression in oesophageal cancer are 

unknown, mutations within PTEN are considered to be an extremely rare event for HOSCC 

cells
456,822

. It is acknowledged that the mechanisms regulating the expression, cellular 

localization, activity and stability of PTEN are not ubiquitous
432

. While the degradation of 

PTEN is said to proceed in a caspase-3- and 26S proteasome-dependent manner, there are 

various other proteins, shown to be specific for each cell-type, which regulate this process and 

are likewise subject to degradation by the 26S proteasome
823, 710

 (see Table 5.1, Materials and 

Methods).  In the present study, by exposing the 5 HOSCC cell lines to the reversible 26S 

proteasome inhibitor, Bortezomib (Bzb), alongside a panel of controls (see Table 5.1), we 

were able to verify that degradation of PTEN in HOSCC cells is indeed regulated by the 26S 

proteasome. We further showed that the degradation of PTEN proceeds in a caspase-3-

dependent fashion at specific Bzb concentrations. Similar to the results reported by Zhou et 

al.
824

, all the cell lines demonstrated significant increases in β-catenin levels subsequent to PI; 

serving as a good indicator for the presence of an active 26S proteasome. As the existence of 

an APC truncation in the HT29 cell line supposedly protects β-catenin from degradation
825

, it 

was interesting to note a reduction in the protein levels of β-catenin following PI in this cell 

line (see Fig 5.7). Notably, two studies have demonstrated that although the specific 

truncation of the APC gene (position 1555) present in the HT29 cell line
826, 827

 predominantly 

attenuates β-catenin degradation, it is still able to phosphorylate and degrade β-catenin, but at 

a lower rate. This further supports the presence of an active 26S proteasome in the 5 HOSCC 

cell lines.  

 

Of interest, was the finding that at high concentrations of Bzb (>50 nM), β-catenin 

concentrations were significantly reduced in the majority (WHCO1, WHCO3, WHCO6, and 

WHCO6) of the HOSCC cell lines examined, yet the protein levels of PTEN in all the 5 

HOSCC cell lines increased instead. It has been shown that while modest levels of axin 

accelerate β-catenin degradation, high concentrations tend to inhibit its degradation
828

. In this 

regard, it would appear that at higher Bzb concentrations (> 50 nM); the concentration of axin 

would be increased, perpetuating the degradation of β-catenin. Intriguingly, the degree to 

which β-catenin was stabilized in response to Bzb in myeloma cells was shown to depend 



168 

 

upon the basal levels of ―free‖ β-catenin prior to PI
829

. This suggests that perhaps the basal 

levels of PTEN in HOSCC cells are similarly ―free‖, contributing to the recovery in PTEN 

protein levels observed at higher Bzb concentrations. Moreover, recent evidence has revealed 

that the 26S proteasome is activated by caspase-3
830

.  Due to the fact that caspase-3 was 

indeed activated in this study (see Fig. 5.5 and 5.6B), points to the reactivation of the 26S 

proteasome by caspase-3 as a convincing alternative explanation for the apparent down-

regulation in β-catenin levels at higher Bzb concentrations amidst an inhibited proteasome. It 

seems clear however, that despite the caspase-3-dependent degradation of PTEN observed at 

higher Bzb concentrations, the extent to which this took place, relative to the down-regulation 

of β-catenin, was greatly reduced (see Fig. 5.8). This indicates that an additional integral 

player that specifically regulates PTEN and not β-catenin is responsible for the increase in 

PTEN expression at higher concentrations of Bzb (see visualization in Fig. 5.11). There are a 

number of plausible explanations for these data, which are discussed below. 

 

Post-translationally, many proteins are, and can be, acetylated leading to an increase in its 

DNA-binding capabilities, stronger interactions with other proteins, and enhanced protein 

stability leading to extended half-lives
831

.  PTEN is highly acetylated in the COS-7 cell line 

(Table 5.1), which explains its relatively stable expression following PI (see Fig. 5.8).  Based 

on the similarity between the expression of PTEN in the COS-7 and HOSCC cells, would 

suggest that acetylation of PTEN could account for its stability following PI in HOSCC. This 

view is further supported by the relatively unstable PTEN in the HEK293 cells in response to 

PI (see Fig. 5.8), which are known to possess low PTEN acetylation
748

.  

 

To complicate matters further, the expression of PTEN can be both attenuated and augmented 

by p53. When p53 associates with the early growth response gene-1/EGR-1
832

, the 

transcription of PTEN is activated. Research demonstrates that while the wtp53 suppresses 

the transcription of PTEN, the R175Hp53 mutant is unable to suppress PTEN
755

. Hence, this 

provides further insight into the stable PTEN expression at higher concentrations of Bzb in 

the R175Hp53 SNO cell line specifically (see Fig. 5.12 for demonstration). 
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Figure 5. 11: Diagram illustrating the molecular mechanisms underlying the effects of Bzb in 
the WHCO3 HOSCC cell line. See text for details. Figure generated using 
Pathway Builder Tool version 2. 

 

 

A prevailing concept in the literature is that most proteins are stable unless poly-ubiquitinated 

and labelled for degradation by the 26S proteasome
833

. The literature also suggests that it is 

the balance between ubiquitination and deubiquitination that ultimately determines a cell‘s 

response to PI
834, 835

. HAUSP7 or USP7 is one of the major deubiquitinizing enzymes shown 

to target PTEN, which leads to its cytosplasmic translocation and stabilization
836, 837

. 

Although less appears to be known about the activity of HAUSP7 on PTEN in cells, a role for 

HAUSP7 for the stable PTEN observed here is highly favourable considering its stable 

cytoplasmic localization established (see Fig. 4.6). Notably, Bzb increases the cellular 

concentration of ubiquitinated proteins
838

. In addition to HAUSP7, the cellular localization, 

degradation and thus stability of PTEN is also under the regulation of the E3 ubiquitin ligase, 

NEDD4-1
839

. The effect that PI has on the levels and activity of NEDD4-1 are undetermined, 

but their cellular levels have been reported to be inversely proportional to PTEN
753

. 

Importantly, the levels of NEDD4-1 were shown to be low in the MCF7
747

, and high in the 
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HEK293
693

 controls used here (see Table 5.1). Since the levels of PTEN were 

correspondingly high (MCF7) and low (HEK293) (see Fig. 5.3), suggests that the low levels 

of PTEN may, in part, be a result of high NEDD4-1 levels (see illustration in Fig. 5.11). 

Furthermore, polyubiquitination of PTEN through NEDD4-1 maintains PTEN within the 

cytoplasm, shown to be essential for tumour progression
599

. With respect to the highly 

cytoplasmic expression of PTEN illustrated within HOSCC cells; it seems clear that its 

deregulated degradation is highly associated with its cytoplasmic localization and may be 

influenced by NEDD4-1.  

 

 

 

Figure 5. 12: Diagram illustrating the molecular mechanisms underlying the effects of Bzb in 
the SNO HOSCC cell line.  

 

It is clear from the above that a role for PTEN acetylation and the concerted action of 

HAUSP7 and NEDD4-1 may be essential for upregulating the expression of PTEN in 

response to PI. These effects are more than likely induced by protecting PTEN from 

degradation through polyubiquitination and maintaining its cytoplasmic localization. Since 

the degradation of PTEN is caspase-3 dependent
695

, and we clearly demonstrated caspase-3 

activation (see Fig. 5.5 and 5.6B), the question becomes; how was PTEN degradation 

circumvented? The ubiquitious and constitutively active kinase, CK2 is renowned for creating 
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caspase-resistant sites in PTEN by phosphorylating its C-terminal
684

. This explanation is 

further supported by a recent report illustrating that the presence of PTEN in cancer cells is 

often, if not all the time, accompanied by high CK2 levels, that causes a reduction its 

phosphatase activity
840

. Thus, it can be assumed that the protection of PTEN to caspase-3 

mediated degradation shown here, is obtained from the caspase-3-resistant sites created by 

CK2 (see demonstration in Figs. 5.11-5.13). 

 

5.4.3 Is the increase in PTEN following PI linked to its action? 

   

Several studies associate the down-regulation in PKB Ser473 phosphorylation to sensitivity to 

PI induced by Bzb
791,  841, 842

. In this study, we found that exposure of the 5 HOSCC cell lines 

to Bzb completely abrogated the Ser473 phosphorylation, and thus activation of PKB, in three 

(WHCO1, WHCO5 and WHCO6) of the HOSCC cell lines. In accordance with its quasi-

sufficient nature
446

, small changes in the expression levels of PTEN (<10%) was proficient in 

obstructing PKB Ser473 phosphorylation in the WHCO1 and WHCO6 cell line exclusively at 

lower Bzb concentrations (see Fig. 5.8 and Fig. 5.9). This result is in line with several reports 

indicating that relatively small decreases in the protein levels of PTEN significantly 

perpetuates PKB Ser473 phosphorylation
843, 844, 845, 846

. This is further substantiated by the 

results depicted in the WHCO3 cell line; where protein levels of PTEN were significantly 

augmented by PI, and thus no up-regulation in pPKB levels were evident.  

 

Importantly, even though levels of pPKB were abolished, an initial increase in its levels was 

observed at the lowest concentration of Bzb (1 nM) in the WHCO1 and WHCO5 cell lines 

(see Fig. 5.9), despite the presence of a simultaneous increase in PTEN protein levels (see 

Fig. 5.8). These data may point to PTEN-independent mechanisms for the suppression in 

pPKB levels obtained. This is supported by the consistent decline in PTEN expression seen in 

the WHCO5 cell line which was not associated with a corresponding escalation in the Ser473 

phosphorylation levels of PKB. Likewise, the rise and fall in PTEN levels subsequent to PI at 

higher concentrations of Bzb in the WHCO1 and WHCO6 cell lines, do not correspondingly 

impact pPKB levels. Altogether, the data presented here indicate that in addition to PTEN, 

another key regulator of pPKB levels may be simultaneously up-regulated in response to PI. 

This is of particular relevance to the results from the SNO cell line; where levels of pPKB 

were sustained in spite of the clear induction in PTEN levels (see Fig. 5.8 and Fig. 5.9).  
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In accordance with the initial increase in pPKB levels, Yan et al.
847

 similarly demonstrated an 

elevation in the concentration of pPKB following PI. They were able to indicate that its 

degradation was directly proportional to its phosphorylation state. Although extensive 

research has been performed on the various ways in which the phosphorylation and 

dephosphorylation of PKB can be regulated
 179, 848

 less is known regarding its degradation. 

What is known, is that its degradation is regulated by its phosphorylation state and can be 

mediated in both a caspase-dependent and caspase-independent manner
849, 850, 851

. In support 

of a role for caspase-3 in PKB degradation, down-regulation in pPKB levels was not 

detectable in the caspase-3-deficient MCF7 cell line
785

. By the same token, pPKB levels were 

up-regulated in the SNO cell line where caspase-3 cleavage was lacking (see Fig. 5.6B and 

Fig. 5.9); whereas pPKB was down-regulated in the presence of active caspase-3 in the 

WHCO1, WHCO5, and WHCO6 cell lines (see Fig. 5.13 for a demonstration). Consistent 

with Fanucchi and Veale
429

, the SNO cell line demonstrated resistance to caspase-3 activation 

(see Fig. 5.6B). Since the degradation of PTEN proceeds in a caspase-3-dependent manner, 

may explain why PI did not induce PTEN or pPKB degradation at high concentrations of Bzb 

in the SNO cell line. The activation of caspase-3 is inhibited by the major caspase inhibitor; 

X-linked inhibitor of apoptosis (XIAP)
852, 853

. XIAP has been shown to play a role in the 

acquisition of resistance to chemotherapy in oesophageal cancer
854

. Interestingly, pPKB levels 

were maintained in cells previously shown to overexpress XIAP (HT29, DLD-1 and Sw480, 

see Table 5.1). Since PI was shown to greatly influence XIAP levels
711,855

, it seems a likely 

candidate for the increase in pPKB levels and lack of caspase-3 activation in the SNO cell line 

(see Fig. 5.12 for a graphic representation).  

 

In contrast to the usual pattern of PTEN and pPKB levels (see above), both PTEN and pPKB 

increased following PI in the SNO cell line, which was similar to that observed in the 

HEK293 cells. In addition to the reduced PTEN acetylation within the HEK293 cells (see 

Table 5.1), they have been reported to rely on elevated NADPH levels caused by increased 

glycolysis known as the ―Warburg effect‖
749

. In these cells, PKB activation is constitutive 

based on the high levels of ROS induced via Nox that inhibits PTEN through oxidation and 

prevents its reduction via thioredoxin
856, 857, 858

. This may provide insight to the sustained 

pPKB obtained in the SNO cell line, as depicted in Fig. 5.12. 

 

In addition to creating caspase-3 resistant sites for PTEN, CK2 also protects PKB from PP2A-

mediated dephosphorylation of its Ser473 residue
619

, and sustains PKB in an active state by 

phosphorylating its Ser129 residue
439

. Of relevance, certain of the controls (HT29, Sw480, 
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MCF7 and DLD1, see Table 5.1) have been shown to rely on high CK2 levels for their 

survival
727

. Consistently, all these cell lines maintained PKB Ser473 phosphorylation and 

PTEN levels in response to PI (see Fig. 5.8 and Fig. 5.9). CK2 is negatively regulated by APC 

and GSK3β
859

. Hence, the truncated APC status in the colon cells explains their reliance on 

CK2 levels and the strong Ser9 phosphorylation (inhibition) status of GSK3β in the MCF7 

cell line (see Fig. 2.11) may clarify its dependence on CK2. Notably, GSK3β was shown to be 

severely inhibited (Ser9 phosphorylated) in the SNO cell line (Chapter 2, Section 2.3.6, see 

Fig. 2.11), and may shed some light on the maintained levels of pPKB obtained through CK2 

activity. In contrast, the WHCO6 cell line expressed a similar basal GSK3β Ser9 

phosphorylation (see Fig. 2.11), and yet no maintenance in pPKB was evident (see Fig. 5.9).  

Consistently, the HEK293 and NIH3T3 controls were reported to possess low endogenous 

levels of CK2
860

, yet only the HEK293 maintained pPKB levels. The Hsp90-Cdc37-CK2 

complex plays a significant role in the preservation of active pPKB pools
861,614

. Relevantly, 

and as highlighted in Chapter 2, wtp53 actively suppresses the activity of CK2
441

, whereas 

this function is lost in cells with mtp53
862

. By implication, this may explain why pPKB levels 

are maintained in the mtp53 SNO cell line (see visualization in Fig. 5.12), whereas in the 

wtp53 WHCO1, WHCO5, and WHCO6 cell lines, CK2 should be appropriately regulated, 

thus contributing to the attenuation in pPKB observed (see visualization in Fig. 5.13). Based 

on the undetectable pPKB levels before and after PI in the WHCO3 cell line, a role for the 

Hsp90-Cdc37-CK2 complex is assumed to be similarly absent (see visualization in Fig. 5.11).  
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Figure 5. 13: Diagram illustrating the molecular mechanisms underlying the effects of Bzb  
in the WHCO1, WHCO5, and WHCO6 HOSCC cell lines. 

 

 

5.4.4 HOSCC cells are highly susceptible to proteasome inhibition mediated by Bzb. 

 

These results strongly suggest that the 26S proteasome is indispensible for the activation of 

PKB in the WHCO1, WHCO3, WHCO5, and WHCO6 HOSCC cell lines. In fact, the Ser473 

phosphorylation levels in these cell lines were completely depleted from Bzb concentrations 

of as little as 5 nM and higher, indicative of Bzb-sensitivity.  This is consistent with a 

previous report showing that cells responding to low Bzb concentrations (4.9-19 nM) were 

considered extremely susceptible to PI
863

. The high susceptibility to Bzb in these cell lines is 

substantiated by other studies only showing caspase-3 cleavage and/or pPKB elimination at 

higher Bzb concentrations (>50 nM)
791,786,841

. Of relevance, sensitivity to Bzb was 

predominantly observed from incubations longer than the 24 hrs used in this study; further 

highlighting Bzb sensitivity in these HOSCC cells. Furthermore, certain hepatocellular 

carcinoma cells treated for 24 hrs and longer with 1000 nM concentrations of Bzb, displayed 

prominent resistance
864

. Hence, it is clear that the four HOSCC cell lines (WHCO1, WHCO3, 

WHCO5, and WHCO6) are highly sensitive to PI through exposure to Bzb (see Figs. 5.11 and 

5.13 for visualization).  
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One of the characteristic cellular responses to PI is the accumulation of unfolded proteins that 

induce ER-stress
865,735

. Research has demonstrated that, in p53-deficient or mutant cells, ER-

stress mediated apoptosis is partially suppressed
866, 867

. Hence, the wtp53 status in the 

WHCO1, WHCO3, WHCO5, and WHCO6 cell lines contributes to their sensitivity towards 

PI, whereas the mtp53 status in the SNO cell lines confers resistance to ER-stress induced by 

PI. Additionally, several studies have indicated that the concentration of 20S proteasome is 

inversely related to Bzb sensitivity, such that; the lower the concentration, the higher the 

resistance
782, 868, 869

.  With reference to these reports and the data presented in this chapter, it 

would suggest that the SNO line has a higher proteasomal activity than the WHCO1, 

WHCO3, WHCO5, and WHCO6 cell lines (as illustrated in Figs. 5.11- 5.13).  

 

5.4.5 Concluding Remarks 

 

The present study reveals an active 26S proteasome present in the 5 HOSCC cell lines. We 

have also shown that proteasomal-dependent and caspase-3-dependent mechanisms are the 

preferred method used for PKB degradation in HOSCC. We also provide evidence that the 

increase in PTEN expression is directly linked to diminished Ser473 phosphorylation levels of 

PKB in four of the cell lines, with the SNO as the exception. Hence, the sensitivity to PI 

obtained in the WHCO1, WHCO3, WHCO5, and WHCO6 HOSCC cell lines opens the door 

to explore the effectiveness of Bzb in the treatment of HOSCC cells that harbour similar 

molecular characteristics as those disclosed in this chapter. These features are clearly 

visualized in Figs. 11, 12 and 13. 
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Chapter 6 
Crosstalk between the PI3K and Wnt 

signalling pathways in HOSCC cells 

 

6.1 Introduction 

Quiescent cells are known to express very low levels of β-catenin within the cytoplasm and the 

nucleus
870
. This is primarily due to the contribution of β-catenin in the architecture of epithelial 

cells
871

. It does this by forming plasma membrane complexes with E-cadherin and α-catenin in 

the cell-cell adhesion junctions
872, 873,88

. The membrane localization of β-catenin and exclusion 

from the cytoplasm/nucleus is enabled through its rapid degradation by the β-catenin destruction 

complex
874

 comprising of PP2A, Axin, APC, and GSK3β that constitutively phosphorylate and 

label β-catenin for degradation by the 26S proteasome
783

 (see Fig. 6.1, left panel). However, in 

the presence of a Wnt signal, the frizzled family of receptors, along with the co-activator; the 

low-density lipoprotein receptor-related protein (LRP), become activated, triggering the 

downstream stimulation of dishevelled (Dvl)
875, 876

. Once active, Dvl phosphorylates GSK3β on 

its Ser21 residue, causing dissociation and inhibition of the destruction complex, giving rise to 

the cytoplasmic accumulation of β-catenin
877
. High levels of cytoplasmic β-catenin results in its 

nuclear translocation, where it interacts with the leukocyte enhance factor-1/T cell factors (LEF-

1/TCF) family of transcription factors to upregulate the expression of their target genes, 

predominantly; cyclinD1, c-myc, c-jun, and the matrix matalloproteinases-7 (MMP-7)
878, 879

 (see 

Fig. 6.1, right panel).  

 

Cong et al.
880

  and Willert et al.
881

 linked effective canonical Wnt signalling to the nuclear roles 

of β-catenin. Consequentially, the oncogenic potential of Wnt signalling in many cancers is 

directly linked to the accumulation of β-catenin in the nucleus, and as such, acts as a prognostic 

marker for various forms of cancer, including cancer of the oesophagus
882, 883, 884, 885

. Since the β-

catenin destruction complex (PP2A/Axin/APC/GSK3β) is the primary regulator for the nuclear 

sequestration of β-catenin, inappropriate accumulation of β-catenin in the nucleus is frequently 

attributable to mutations within APC or β-catenin
886, 887, 888, 889

. Inactivating mutations in APC 

have been found in over 90% of colon cancers
890, 891,

 
892

. In contrast to colorectal cancer, where 

the molecular mechanisms governing the deregulated nuclear levels of β-catenin have been 
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explored in great detail; these molecular mechanisms still need to be identified in HOSCC
893

. 

Earlier investigations have shown that canonical Wnt signalling is indeed active within the 

WHCO and SNO series, and is not attributable to mutations in APC or β-catenin
627,894, 895

. 

Further, it was found that β-catenin is complexed with the LEF-1/TCF/ transcriptional complex, 

hinting at the possibility of being active in all the 5 HOSCC cell lines
896

. This led us to question 

whether there are Wnt-independent mechanisms behind the nuclear sequestration of β-catenin in 

the WHCO and SNO cells. 

 

Furthermore, the well-known p53 mutations and EGFR overexpression status commonly 

associated with this disease
897

, is considered insufficient to drive the transformation state, and 

instead, they serve as paramount contributors
268

. The increasing effort in the literature to 

investigate the potential of crosstalk in the regulation of β-catenin highlights the importance of 

unveiling and understanding a role for interplay
898, 899

. It should be noted, that although a role for 

PI3K in the Wnt signalling pathway has been demonstrated by separate studies in various 

epithelial cancers
327,900, 901

, the specific focal point for this interplay and downstream effects are 

unknown. Thus examination of crosstalk between the PI3K and Wnt signalling pathways in 

HOSCC allowed us to better understand the regulation of nuclear β-catenin levels. In order to 

explore this relationship, the nuclear concentration of β-catenin had to be confirmed. 

 

More recently, cancer research is beginning to discover the essential link that exists between the 

EGFR and Wnt signalling pathways in the initiation and progression of cancers
902

. As such, there 

have been concerted efforts to disclose the fundamental mediator for this crosstalk, and therefore 

a number of convergence points have been suggested. These are the NFκB, cyclooxygenase-2 

(COX-2), extracellular signal-regulated kinase (ERK) or mitogen-activated protein kinase 

(MAPK), and the NKD1/NKD2 signal transduction pathways
903, 904,

 
905

. As an addition to these 

pathways, a key role for the PI3K signalling pathway was also proposed. A previous study by 

Woodfield et al.
 100

revealed an essential contribution made by the p85α regulatory subunit of 

PI3K in the modulation of cellular β-catenin levels through its association with the E-cadherin 

membrane adhesion complex. More importantly, previous research on the WHCO and SNO 

HOSCC cell lines found that the nuclear sequestration of β-catenin was more responsive to 

EGFR activation than to Wnt signalling
894

. The demonstration that EGFR activates PI3K 

(Chapter 3, Section 3.3.5) would suggest that PI3K may be implicated in this regulation.  

 

In the previous chapters, while it was clear that we were able to manipulate the activity of PI3K 

through LY29; PI3K-dependent, and PKB-independent mechanisms are used to regulate the Ser9 
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phosphorylation, and thus inhibition of GSK3β (Chapter 2, Section 2.3.7). Significantly, 

attenuation in the Ser9 phosphorylation of GSK3β was still evident, despite the lack of 

correlation it had to pPKB levels (see Chapter 2, Section 2.3.7). Therefore, in the present study, 

we explore the possible relationship between Wnt signalling and the overexpression status of 

EGFR through the PI3K pathway in these HOSCC cells. With respect to the high nuclear levels 

of β-catenin previously established in the mtAPC and wtAPC HT29 and MCF7 cell lines
906, 894

, 

we first show that β-catenin is present within the nucleus of the 5 HOSCC cell lines whilst 

maintaining its cell membrane adhesive roles. Uniquely, we also show that although Wnt 

signalling does regulate the concentration of GSK3β Ser9 phosphorylation, the PI3K pathway is 

able to directly influence the nuclear accumulation of β-catenin in the WHCO and SNO HOSCC 

cells. 
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Figure 6. 1: Canonical Wnt signalling pathway. The cytoplasmic localization and nuclear sequestration of β-catenin is under the regulation of the β-
catenin destruction complex (PP2A/Axin/APC/GSK3β), see text for more details. Figure generated using the Pathway Builder Tool.2.0. 
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6.2 Materials and Methods 

 

6.2.1 Cell lines and Culture 

As previously described, see Chapter 2, Section 2.2.1. 

 

6.2.2 Antibodies 

Rabbit polyclonal antibodies used for immunoblot analysis; anti-β-catenin (Sigma), anti-

MMP-7 (Sigma), anti-α-catenin (Sigma), anti-c-Jun (Santa Cruz Biotechnology), anti-PI3 

Kinase (p85α) (Upstate Biotechnology), anti-α-Tubulin (Santa Cruz Biotechnology), and anti-

β-Actin (Sigma). E-cadherin was specifically detected using the mouse monoclonal anti-E-

cadherin antibody (RD science), and hnRNP (A2/B1) was specifically detected using the goat 

polyclonal anti-hnRNP I (N-20) (Santa Cruz Biotechnology). The rabbit polyclonal anti-

Phospho-Akt (Ser473) and anti-Phospho-GSK3β (Ser9) were from Cell Signalling 

Technology, and was used to explicitly detect PKB/AKT and GSK3β when phosphorylated at 

Ser473 and Ser9. The secondary antibody, HRP-bound goat- anti-rabbit IgG (Sigma), was 

used for the specific detection of all rabbit polyclonal antibodies for immunoblotting, whereas 

detection of all mouse monoclonal and goat polyclonal primary antibodies were specifically 

detected using the anti-mouse IgG (Fab Specific) and the donkey anti-goat (Santa Cruz 

Biotechnology) horseradish peroxidase conjugate secondary antibodies.  

 

6.2.3 Nuclear Extraction 

As previously described, see Chapter2, Section 2.2.6.  

 

6.2.4 Protein Estimation 

As previously described, see Chapter 2, Section 2.2.8. 

 

6.2.5 Polypeptide Resolution and Western Immunolotting 

40 μg of protein from each cell line obtained from the various extractions (whole cell, nuclear, 

and plasma membrane) were prepared and separated by 10% SDS-PAGE, and immunoblotted 

for β-catenin, PI3K (p85α), β-actin, c-Jun, E-cadherin, pGSK3 and pPKB as detailed in 

Chapter 2 (Section 2.2.9), and Chapter 3 (Section 3.2.9).  

 

Following the procedure as described in Chapter 2, Section 2.2.9, the respective extracts were 

immunoblotted with the rabbit polyclonal anti-hnRNP (A2/B1) (1:1000), anti-MMP-7 

(1:750), anti-α-catenin (1:1000), and anti-α-tubulin (1:250) antibodies for 2 hrs. This 
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succeeded six 5 min PBS washes, followed by 1 hr incubation in the HRP-bound goat-anti-

rabbit IgG antibody for the specific detection of MMP-7 (1:30000), α-catenin (1:3000), and α-

tubulin (1:15000). HRP-bound donkey anti-goat IgG antibody was used for the specific 

detection of hnRNP (A2/B1) (1:3000). Thereafter, the membranes were incubated for 5 mins 

in the SuperSignal West Pico Chemiluminescent (Piece, USA), and exposed to film and 

developed as described in Chapter 2, Section 2.2.9. 

 

6.2.6 Whole Cell protein extraction 

As previously detailed see Chapter 2, Section 2.2.5. 

 

6.2.7 Plasma membrane enriched extraction used for Immunoprecipitation reactions  

As previously described, see Chapter 3, Section 3.2.7. 

 

6.2.8 Co-immunoprecipitation analysis of β-catenin and its cell adhesive counterparts 

200 g (from each HOSCC cell line) of plasma-membrane-associated protein extracts were 

incubated on a rotor at 4 C overnight in 1 l of the rabbit polyclonal anti-β-catenin antibody 

(Sigma) diluted in 500 l IP buffer (Appendix B 2.1.2).  Thereafter the protocol was carried 

out as detailed in Chapter 3 (Section 3.2.11), and immunoblotted for E-cadherin, α-catenin 

and PI3K (p85α) detection described above (Section 6.2.5). Note: All co-

immunoprecipitation reactions were performed three times. 

 

6.2.9 Activation of Wnt Signalling through Lithium Chloride (LiCl) Exposure 

The Wnt signalling pathway was activated by exposing 80% confluent HOSCC and control 

cell lines (HT29 and MCF7) under serum conditions to 10 mM LiCl (see Appendix E 5.1) for 

periods of 3, 12, and 24 hrs. This concentration of LiCl and time exposures used were 

previously shown to effectively inhibit GSK3β, and thus activate Wnt signalling in the 5 

HOSCC cell lines
894

. The constitutively active Wnt signalling status in the mtAPCHT29
907

 

cell line and the lack thereof in the wtAPCMCF7
908

 cell line were used as controls. 

Consequent to LiCl exposure, whole cell protein extractions were performed as detailed in 

Chapter 2, Section 2.2.6. 

 

6.2.10 Inhibition of PI3K through LY294002 (LY29) Exposure 

Both nuclear and whole cell protein extractions were performed following exposure to LY29 

as previously described, see Chapter 2, Section 2.2.11. Note: All untreated cells were exposed 

to the LY29 vehicle control, DMSO, and all treatments were repeated three times. 
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6.2.11 Densitometry 

Labworks TM Image Acquisition and Analysis software (Labworks version 4.5) was used for 

densitometric analysis to semi-quantitatively determine the concentration levels of β-catenin, 

MMP-7, c-jun, pPKB (Ser473), pGSK3β (Ser9), and PTEN PI3K (p85α), and pPKB detected 

through western blotting. Note: The densitometric results are an average of three independent 

experiments (mean ±s.d.) and expressed as a percentage relative to the maximum. 

 

6.2.12 Image Capturing 

All western blot and SDS-PAGE images were captured on a Hewlard Packard Scanjet 4400c 

series scanner at 300dpi, contrast and brightness of all images were standardised using 

CorelDRAW version 12®. 

 

6.2.13 Statistical Analysis 

Statistical analyses were performed using Student‘s paired t test and One Way Repeated 

Measures Analysis of Variance (One Way RM Anova1) according to the Holm-Sidak 

method. Statistical analysis results are inclusive of three independent experiments (mean ± 

S.D). P-values are given in the figure legends, and values of P > 0.05 were considered not to 

be significant. All calculations of statistical computations were carried out using the 

SigmaPlot Release 11.0® statistical software. Note: Based on the fact that statistical analysis 

requires a minimum of three independent experiments, an example of the three blots for the 

figures in this chapter was chosen (i.e. nothing is gained by showing all three). 

 

 

6.2.14 Figure Design 

All schematic diagrams were designed using the Pathway Builder Tool version 2.0, unless 

otherwise stipulated. 
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6.3 Results 

 

6.3.1 β-catenin is present at high levels in the nucleus of HOSCC cells. 

 

In order to understand the relationship between the canonical Wnt and PI3K signalling 

pathways, it became crucial to first obtain an accurate measure of the levels of β-catenin in 

the nucleus of the 5 HOSCC cell lines. Western blot analysis of nuclear-specific extracts 

showed that the expression of β-catenin in the 5 HOSCC cell lines is high (60%), relative to 

the mtAPC HT29 and wtAPC MCF7 control cell lines (shown in Fig. 6.2). The WHCO3 cell 

line possessed significantly (P<0.05) higher nuclear levels of β-catenin compared to the 

WHCO1, WHCO5, WHCO6, and SNO HOSCC cell lines. The integrity of the nuclear extract 

was confirmed by the western blot detection of the abundant nuclear polypeptides
909

; the 

heterogenous nuclear ribonucleoproteins (hnRNPs) (Fig. 6.2). 

 

6.3.2 Nuclear β-catenin is transcriptionally active in HOSCC cells. 

 

One of the common mechanisms used to affirm the presence of a transcriptionally active 

nuclear β-catenin, is through the assessment of one of its numerous gene targets (i.e. cyclin-

D1, c-Jun, c-myc, MMP-7)
910, 911,

 
912,878

. In order to link the nuclear expression of β-catenin 

determined above (Fig. 6.2) to its activities therein, it became clear that the expression levels 

of these nuclear targets needed to be elucidated. Here, we investigate the respective protein 

levels of two of these nuclear targets; MMP-7 and c-Jun. As can be seen by the presence of 

MMP-7 through western blotting in Fig. 6.3, the nuclear localization of β-catenin is indeed 

associated to its nuclear gene activation of MMP-7. Based on the lower levels of MMP-7 in 

the WHCO1 and WHCO6 cell lines (see Fig. 6.3), it would appear that the nuclear gene 

activation of MMP-7 through β-catenin occurs to a lesser degree. Western blot analysis 

indicated that the 5 HOSCC cell lines all express high levels of the c-Jun protein (> 60%), 

indicative of its nuclear gene activation by β-catenin (see Fig. 6.4). The protein levels of c-Jun 

shown in the HT29 (high) and MCF7 (low) controls (see Fig. 6.4), is consistent with the 

active state of the β-catenin/LEF-1/TCF transcriptional complex in the HT29 cell line
913

 and 

the low c-Jun levels in the MCF7 cell line
914

 previously established. 
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 A) 

 

B) 

     

 

Figure 6. 2: HOSCC cells express high levels of β-catenin in the nucleus. A) Nuclear extracts 
subjected to western blotting for β-catenin detection from HOSCC, HT29 and 
MCF7 cells (see Appendix A 1.6.6 and 1.7.5 for representative standard curve and 
10% SDS-PAGE). Lanes: 1-WHCO1, 2-WHCO3, 3-WHCO5, 4-WHCO6, 5-SNO, 6-
HT29, 7-MCF7, 8-WHCO6 whole cell lysate control. The integrity of the nuclear 
extract was assessed through the western blot detection of the hnRNPs, type 
A2/B1 which is an abundant nuclear polypeptide. There are approximately 20 
types of hnRNPs, uniquely expressed in specific cell types909, here we were able 
to detect at least 2 different types, the prominent 36 kDa and a 56 kDa 
polypeptide. No clear detection of the hnRNP polypeptides were detected in the 
whole cell lysate (lane C), further strengthening the integrity of the extract. B) 
Representation of the densitometric analysis of the nuclear expression of β-
catenin, showing high levels in all the HOSCC cell lines, with the WHCO3 cell line 
possessing 10% more. * significantly different from the high levels in the HT29 
control, P*<0.05. Note: mean ±s.d. of triplicate experiments; see Appendix E 5.2 
for mean optical density values and statistical analysis. 

* 
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A) 

        

 

B) 

       

 

Figure 6. 3: Nuclear B-catenin  is active in HOSCC cell lines. A) HOSCC cell lines were 
immunoblotted for MMP-7 detection at 19 kDa (see Appendix A 1.6.6 and 1.7.5 
for representative standard curve and 10% SDS-PAGE). Numbers 1-5 represent 
the WHCO1, WHCO3, WHCO5, WHCO6, and SNO cell lines respectively. B) 
Quantitative analysis of the band representing MMP-7 reveals high levels in the 
WHCO3 and WHCO5 cell lines, and modest levels in the WHCO1, WHCO6 and 
SNO cell lines. Note: mean ±s.d. of triplicate experiments; see Appendix E, Table 
E1 for mean optical density values. 
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 A) 

 

 

 B)  

            

 

Figure 6. 4: c-Jun is highly expressed in HOSCC cell lines.  A) Western blot detection of c-jun 
at 42 kDa from nuclear-specific extracts from the 5 HOSCC and two control 
(MCF7 and HT29) cell lines (see Appendix A 1.6.6 and 1.7.5 for representative 
standard curve and 10% SDS-PAGE). Numbers 1-7 represent the WHCO1, 
WHCO3, WHCO5, WHCO6, SNO, MCF7 and HT29 cell lines respectively. B) 
Densitometric analysis of the c-Jun western blot detection, revealing significantly 
stronger c-jun levels in the 5 HOSCC cell lines compared to the MCF7 (low) and 
HT29 (high) control cell lines. Note: mean ±s.d. of triplicate experiments; * 
significantly different from the HT29 cell line, P*<0.001. See Appendix E 5.3 for 
mean optical density values and statistical analysis. 

 

 

 

 

 

 

 

 

 

 

* 
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6.3.3 The transcriptionally active β-catenin in relation to its cell adhesive roles in 

HOSCC cells. 

 

Potentially, the presence of β-catenin in the nucleus is coordinated with a reduction in its cell 

adhesive associations at the plasma membrane
915
. In contrast, an association between β-

catenin and its cell adhesive partners, E-cadherin and α-catenin was established at the plasma 

membrane of all the HOSCC cell lines (see Fig. 6.5). The WHCO1 cell line showed the 

weakest association thereof. The specificity of this reaction was verified through the 

undetectable and detectable E-cadherin/β-catenin/α-catenin associations in the negative (lane 

6) and positive (lane 7) controls respectively. The strongest association between β-catenin and 

E-cadherin was displayed in the WHCO3, WHCO5, and WHCO6 cell lines (see Fig. 6.5). 

Interestingly, while the WHCO5, WHCO6, and SNO cell lines possessed relatively similar 

concentrations of β-catenin/α-catenin, this association was particularly strong in the WHCO3 

cell line. The SNO HOSCC cell line was the only cell line where PI3K (p85α) was detected in 

the E-cadherin/β-catenin/α-catenin adhesive complex (Fig. 6.5).  

 

6.3.4 The PI3K/PKB and Wnt signalling pathway in HOSCC cells. 

 

Inhibition of GSK3β is the chief method by which cellular levels of β-catenin are 

controlled
916

. While the canonical Wnt signalling pathway is the preferential regulator of 

cellular β-catenin levels through its Ser21 phosphorylation, and inhibition of GSK3β
917, 880

, 

GSK3β can also be inhibited through phosphorylation of its Ser9 residue by the PI3K/PKB 

pathway
416
. In order to appreciate the part played by the PI3K/PKB pathway on cellular β-

catenin levels, it was necessary to first examine the effect that the Wnt signalling pathway has 

on the PI3K/PKB pathway and the Ser9 phosphorylation state of GSK3β. As seen by the 

induction of pPKB, activation of Wnt signalling through exposure to LiCl significantly 

(P<0.001) activated PI3K in the WHCO1, WHCO5 and WHCO6 HOSCC cell lines (see Fig. 

6.6). This effect was consistent with the increase in pPKB levels shown in the mtAPC (HT29) 

and wtAPC (MCF7) controls, albeit to unique degrees. Furthermore, evidenced by its up-

regulated Ser9 phosphorylation levels, activation of Wnt signalling inhibited GSK3β in all of 

the HOSCC cell lines (P<0.001), with the SNO cell line displaying the least inhibition (Fig. 

6.6). In contrast, the pPKB levels were unaffected in the WHCO3 cell line following 

activation of Wnt signalling (Fig. 6.6A and B), but levels of pGSK3β were significantly 

augmented (Fig. 6.6A and C). 
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Figure 6. 5: β-catenin interacts with E-cadherin and α-catenin at the plasma membrane in 
the HOSCC cell lines. β-catenin was detected in complex with its cell adhesive 
counterparts, E-cadherin and α-catenin through western blotting. PI3K (p85α) 
was also found in the complex in the SNO cell line. Lanes: 1-WHCO1, 2-WHCO3, 
3-WHCO5, 4-WHCO6, 5-SNO, 6-negative control, and 7-positive control. The 
negative control consists of beads and no antibody, whereas the positive control 
represents a WHCO6 whole cell lysate. These experiments were executed purely 
for the detection and not strength of associations between β-catenin/E-
cadherin/α-catenin/PI3K (p85α), and therefore no quantifiable data was 
required. β-actin was used a loading control. 

 
 

 

Recent evidence highlights the central role played by PTEN in the levels of β-catenin at the 

cell-cell adhesion junctions
918

. Next, we analysed cellular PTEN levels following activation 

of the Wnt signalling pathway. After the Wnt signalling pathway was activated for 24 hrs, 

significant changes in cellular PTEN levels were observed in the WHCO5 and SNO HOSCC 

cell lines specifically (P<0.05) (Fig. 6.7A and B). The expression of PTEN increased in the 

WHCO5 cell line, while levels of PTEN dropped substantially in the SNO HOSCC cell line. 

The decreased concentration of PTEN in the SNO cell line was consistent with the decrease in 

PTEN observed in the constitutively active Wnt signalling mtAPC HT29 control, albeit at 

unique time intervals (Fig. 6.7A and B). No significant changes in the PTEN protein levels in 

response to Wnt signalling were detected in the WHCO1, WHCO3, and WHCO6 HOSCC 

cell lines, which was consistent with the result portrayed in the wtAPC MCF7 control (Fig. 

6.7).  
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The effect of Wnt signalling on cellular levels of β-catenin was next examined. Activation of 

Wnt signalling led to an appreciable increase (P<0.05) in the expression of β-catenin in the 

WHCO3 and WHCO6 HOSCC cell lines (see Fig. 6.7). In the WHCO1 and WHCO5 HOSCC 

cell lines, Wnt signalling induced a reduction in β-catenin levels (Fig. 6.7A and C). 

Subsequent to activation of Wnt signalling in the WHCO3 and WHCO6 cell lines, the 

increased levels of pGSK3β (inhibited) (Fig. 6.6B) corresponded to a simultaneous increase in 

β-catenin expression (Fig. 6.7). This was also the case in the mtAPC HT29 control. No 

significant changes in the expression of β-catenin were detected in the SNO cell line (Fig. 

6.7). 

 

6.3.5 PI3K variously influences the nuclear translocation of β-catenin.  

 

Inhibition of the PI3K pathway caused a significant (P<0.05) decline in the nuclear levels of 

β-catenin in the WHCO1, WHCO6, and the SNO HOSCC cell lines respectively (Fig. 6.8A 

and C). The diminished concentration of nuclear β-catenin was consistent with the significant 

(P<0.05) drop in the Ser9 phophorylation, and thus activation of GSK3β (Fig. 6.8B). This 

result was comparable to that observed in the controls (MCF7 and HT29), and supports an 

involvement of PI3K in the nuclear translocation of β-catenin. A noticeable, yet non-

significant drop in the nuclear levels of β-catenin was observed in the WHCO5 HOSCC cell 

line. No significant changes in the levels of nuclear β-catenin were detected in the WHCO3 

cell line, despite the clear decrease shown in the Ser9 phosphorylation of GSK3β (Fig. 6.8C). 

The total cellular levels of β-catenin, as a result of PI3K inhibition, were included as an 

additional control for the changes observed in its nuclear localization (Fig. 6.9). Therefore, 

the influence of PI3K on the nuclear levels of β-catenin (see Fig. 6.8) are dissimilar to the 

changes detected in its total cellular expression as a result of PI3K inhibition (see Fig. 6.9). 

The corresponding decrease in the nuclear levels of β-catenin reflected in the total cellular 

levels exclusively in the WHCO6 cell line (Fig. 6.9).  
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 A) 

 

 

Figure 6. 6A: The Wnt signalling pathway selectively inhibits GSK3β in HOSCC cells. The 
Wnt signalling pathway was activated in the HOSCC, HT29 and MCF7 cells and 
immunoblotted for p-PKB (Ser473) and p-GSK3β (Ser9) detection (see Appendix 
A 1.6.6 and 1.7.5 for representative standard curve and 10% SDS-PAGE). β-actin 
levels were determined as a loading control, and WHCO6 whole cell lysate 
served as a loading control (L/C). 
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B) 

 

 C)  

 

 

Figure 6.6 B and C: The band representing pPKB (B) and pGSK3β (C) were quantified through 
densitometry, showing that Wnt signalling plays a prominent role in the 
inhibition, and thus Ser9 phosphorylation of GSK3β (p-GSK3β) in four of 
the HOSCC cell lines, which appears to be independent of their Ser473 
phosphorylation status of PKB (p-PKB). Note: these results are mean 
±s.d. of triplicate experiments; * significantly different from the control, 
*P<0.05. See Appendix E, Table E2 for statistical analysis.  

 

* 
* 

* 

* 

* 

* 

* 

* 

* * 
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A) 

 

 

Figure 6. 7A: Activation of the Wnt signalling pathway has a negligible impact on the total 
cellular levels of PTEN and β-catenin. Wnt signalling was activated in the 
HOSCC, HT29 and MCF7 cells for periods of 3, 12, and 24 hrs (see Appendix A 
1.5.6 and 1.6.5 for representative standard curve and 10% SDS-PAGE). Western 
blot analysis revealed that Wnt signalling activation did not induce any 
noticeable changes in the protein levels of PTEN (54 kDa) or β-catenin (89 kDa). 
Red arrows indicate possible ubiquitinated PTEN753. β-actin levels were 
determined as a loading control, and the WHCO6 whole cell lysate served as a 
loading control (L/C). 
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B)  

 

C)  

 

 

Figure 6.7 B and C: The bands representing PTEN and β-catenin were quantified through 
densitometry and demonstrated relatively constant PTEN levels (B) 
and significant changes in β-catenin levels in the WHCO1, WHCO3, 
WHCO5 and WHCO6 HOSCC cell lines (C). Note: these results are mean 
±s.d. of triplicate experiments, *significantly different from the control, 
*P<0.05; see Appendix E, Table E2 for statistical data.  

 
 

 

* 

* 
* 

* 

* 

* 
* 

* 

* 
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A) 

 

 

B) 

 

 
 

Figure 6. 8 A and B: PI3K modulates the nuclear expression of β-catenin in three HOSCC cell 
lines. A) PI3K was inhibited in the HOSCC, HT29 and MCF7 cells by 
exposing them for 1 hour to LY29, and thereafter immunoblotted for β-
catenin from nuclear-specific extracts (see Appendix A 1.6.6 and 1.7.5 
for representative standard curve and 10% SDS-PAGE). A band at 80 kDa 
(red arrow) has been presumed to be a partial degradation product919, 

920. The integrity of the nuclear extract was assessed through the 
western blot detection of the type A2/B1 hnRNPs, possessing a 56 kDa 
and 36 kDa polypeptide. The weak or absent western blot detection of 
the cytoplasmic marker, α-tubulin, further confirmed the integrity of the 
nuclear extract. C is representative of the WHCO6 whole cell lysate used 
for comparison between the different blots. B) The effect of PI3K 
inhibition on the Ser9 phosphorylation and thus inhibitory state of 
GSK3β as per Fig. 2.12 (see Chapter 2, Section 2.3.7). β-actin levels were 
determined as a loading control.  
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C) 

  

 

Figure 6.8 C: The densitometric analysis of the nuclear detection of β-catenin in comparison 
to the Ser9 phosphorylation levels of GSK3β following PI3K inhibition. Based on 
the significant reduction in β-catenin levels, these results show a positive role 
played by PI3K in the nuclear accumulation of β-catenin in the WHCO1, 
WHCO6, and SNO cell line, albeit to a lesser degree in the WHCO5 cell line 
respectively. No significant role is played by PI3K in the nuclear accumulation of 
β-catenin in the WHCO3 cell line. Graph also highlights the relationship 
between pGSK3β and nuclear β-catenin in the WHCO1, WHCO6 and SNO 
HOSCC cell lines. Note: these results are mean ±s.d. of triplicate experiments,  
* significantly different from control, *P<0.05; see Appendix E (Table E3) for 
statistical analysis. Nuc βcat: Nuclear β-catenin. 

 

 

 

 

 

 

* 

* 
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* 

* 
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A) 

 

 

B) 

 

 

Figure 6. 9: Total cellular levels of β-catenin consequent to to PI3K inhibition. A) HOSCC, HT29 
and MCF7 cells were exposed to the PI3K inhibitor and immunoblotted for total 
cellular levels of β-catenin from whole cell protein extracts (see Appendix A 1.6.6 
and 1.7.5 for representative standard curve and 10% SDS-PAGE). C is representative 
of the WHCO6 whole cell lysate used for comparison between the different blots. 
Equal loading of treated versus untreated proteins was detected with β-actin. B) 
The densitometric analysis of cellular levels of β-catenin demonstrated a significant 
change in the total cellular levels of β-catenin in the WHCO6 cell line exclusively. 
Note: these results are mean ±s.d. of triplicate experiments, * significantly different 
from control, *P<0.05. See Appendix E, Table E3 for statistical analysis.  

 

 

 

 

 

* 
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6.4 Discussion 

 

Cancer is a dynamic multi-step, multi-mechanism disease that involves complex interactive 

pathways
921, 922,

 
923

. Furthermore, it is well-known that these pathways are not propagated in a 

linear fashion, but instead, comprise of multiple interactive complex networks including both 

negative and positive inputs from diverse signalling pathways
924, 925, 926, 927,

 
928

, commonly 

referred to as crosstalk
23

. Inappropriate interaction between intracellular pathways is often found 

associated with the pathological state of different cancer types by conferring a significant growth 

and proliferation advantage
929, 930, 931,

 
932

. In fact, the importance of understanding the critical 

controlling mechanisms underlying the manipulation of this crosstalk will provide the 

understanding needed for better therapeutics
22, 933, 934, 935,936,

 
937

. HOSCC is a highly metastatic 

disease
492

, and in particular the WHCO and SNO series
333

. The molecular characteristics and 

complexities that govern the maintenance of the transformed state of HOSCC are still a major 

focus. In this chapter, we provide evidence that interplay between the canonical Wnt and PI3K 

signalling pathways exist within the 5 HOSCC cell lines. 

 

Over the years, stable nuclear β-catenin levels are repeatedly found in HOSCC and associated 

with its poor prognosis
,294,883, 938, 939

.  Lessons learned from various studies in colorectal cancer 

specifically, has related this trait to the presence of β-catenin and/or APC mutations
363, 826 ,940,941

.  

Consequentially, little is known regarding the underlying mechanisms for the nuclear 

sequestration of β-catenin in cancers that have not acquired these mutations. Pertinently, no 

mutations were found in β-catenin in the WHCO and SNO HOSCC series
942

, and accumulative 

data on these lines have not hinted at the possibility of mutations within APC and Axin
627,943, 944

. 

The data presented in this chapter provides evidence that nuclear levels of β-catenin are 

exceptionally high in the 5 HOSCC cell lines. Our data also reveal that these levels were 

significantly comparable to the overexpressed nuclear β-catenin levels previously established in 

the mtAPC HT29 colon control cell line
945
. Pertinently, it was shown that the nuclear levels of β-

catenin are particularly high in the WHCO3 HOSCC cell line. Similar to what was demonstrated 

in this chapter, a recent report by Geyer, et al.
946

 were able to link the elevated nuclear β-catenin 

levels to the incessant activation of Wnt signalling in a subset of invasive breast cancer cells. 

Corresponding to the wtβ-catenin status in these HOSCC cell lines, the high nuclear β-catenin 

levels were not consequent to β-catenin mutations.  
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Moreover, these high nuclear levels of β-catenin in the 5 HOSCC cell lines were positively 

coupled to its nuclear gene targeting. This was demonstrated in the protein expression of two of 

its nuclear target genes; c-Jun and MMP-7. Similar to the conclusion drawn here, the expression 

of two other transcriptional targets of β-catenin; STAT3 and cyclinD1, were also used to couple 

the nuclear expression of β-catenin to its nuclear gene activation
947,882

. These data have a number 

of implications. Firstly, based on the robust nuclear β-catenin levels established, these data 

inform us that cellular levels of β-catenin are deregulated in the 5 HOSCC cells. Secondly, the 

protein expression of c-Jun and MMP-7 provide good evidence for an active nuclear β-catenin in 

the 5 HOSCC cells. Since MMP-7 is known to be expressed during cellular migration and 

invasion
948

, its expression also points to the capability that these HOSCC cells have to degrade 

components of the ECM. This explanation is supported by evidence demonstrating no 

immunostaining for MMP-7 in non-cancerous oesophageal mucosa
949

. Strikingly, the expression 

of c-Jun was stronger in the 5 HOSCC cell lines in comparison to the c-Jun expressed in the 

constitutively active Wnt signalling mtAPC HT29 control
945

. Hence, this exemplifies that the 

nuclear β-catenin within these HOSCC cells is significantly linked to its active state.  

 

There is a fine balance that exists between the cell adhesive and nuclear transcriptional activities 

of β-catenin, such that, a reduction in its cell adhesive function is coupled to its liberated 

cytoplasmic concentration and subsequent nuclear translocation
783

. In fact, it is this inverse 

relationship between E-cadherin and β-catenin expression that enable cancer cells to invade and 

metastasize, a process that is referred to as the epithelial-to-mesenchymal transition (EMT)
88

. 

Remarkably, despite its obvious nuclear activities, the results shown here reveal that β-catenin is 

still found complexed with its cell adhesive counterparts; E-cadherin and α-catenin. This result is 

consistent with the plasma membrane localization of β-catenin demonstrated previously by Jones 

and Veale
894

. Work performed by McCutcheon
950

 demonstrated the strong influence EGFR 

activation had on the tyrosine phosphorylation of β-catenin in the 5 HOSCC cell lines. A recent 

study illustrated the adverse effects EGFR activation has on the association between β-catenin 

and E-cadherin/α-catenin
882

. Thus, what makes this result even more intriguing is that the EGFR 

overexpression status in these cells is thought to contribute to the attenuated cell adhesive 

capabilities of β-catenin. One of the mechanisms used by the EGFR to destabilize these 

interactions is by phosphorylating certain Tyr residues on β-catenin
951, 952,

 
953

. According to 

Howard, et al.
954

, E-cadherin may actually contribute to the nuclear transcriptional activities of 

β-catenin by an unknown mechanism. This view is supported by E-cadherin knockdown 

experiments in mice that demonstrated the dependence cellular β-catenin levels had on the 

presence of E-cadherin
955
. Altogether, our data shows that the nuclear levels of β-catenin are 
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significantly elevated in the WHCO and SNO series, which are coupled with its cell adhesive 

and nuclear transcriptional activities. 

 

Through inhibition of PI3K (Chapter 2, Section 2.3.8) we were able to show a marked decrease 

in the activity of PI3K, evidenced by the detection of the Ser473 phosphorylation of PKB.  

Moreover, this reduction was particularly symptomatic of an increase in the Ser9 

dephosphorylated GSK3β (active form) in all the HOSCC cell lines examined.  Since the nuclear 

translocation of β-catenin is regulated by GSK3β, and the phosphorylation status (activity) of 

PKB and GSK3β were significantly affected by PI3K inhibition, the downstream effect on the 

nuclear localization of β-catenin was assessed.  Interruption of the PI3K/PKB signalling pathway 

caused a significant decrease in the nuclear levels of β-catenin in 3 of the HOSCC lines 

(WHCO1, WHCO6 and SNO).  These findings thus identify a positive role played by PI3K, via 

its downstream effector PKB, in the cellular localization of β-catenin in HOSCC cells. 

Accordingly, experiments from PI3K knockout mice demonstrated an impaired ability to 

regulate cellular β-catenin levels through the Wnt signalling pathway
956

. Although interplay has 

been indicated to occur between the MAPK and PI3K pathways at the levels of Ras and ERK in 

oesophageal adenocarcinomas
957

, this would be the first report to identify the existence of 

crosstalk between the PI3K and Wnt signalling pathways in HOSCC cells. The importance of 

crosstalk between signalling pathways is becoming a pertinent aspect of therapeutic research, as 

many cancers confer drug resistance in the presence of such intracellular crosstalk
481,899,958, 959

. 

Potentially, this crosstalk indicates that targeting more than one signal transduction pathway may 

be required for effective therapy in HOSCC.  

 

The non-responsive nuclear β-catenin levels in the WHCO3 and WHCO5 cell line subsequent to 

PI3K inhibition, indicates that signalling is not confined to the GSK3β pathway. This result was 

surprising, especially since levels of pGSK3β (inactive) dropped substantially following PI3K 

inhibition in both of these cell lines. Interestingly, the Wnt and PI3K/PKB regulated pools of 

GSK-3β are considered to be different, in that, Wnt-regulated GSK-3β is still able to regulate 

cellular β-catenin levels irrespective of its Ser9 phosphorylation state regulated by PI3K/PKB
960

. 

We were also able to show the significant contribution made by the Wnt signalling pathway in 

the Ser9 phosphorylation and thus inhibition of GSK3β. Hence, this may suggest that this 

influence of the Wnt signalling pathway may be counteracting the effects on GSK3β elicited by 

PI3K inhibition in this study; further supporting the existence of convergence between the PI3K 

and Wnt signalling pathways in HOSCC cells. This explanation is highly conceivable especially 

since it was shown in Chapter 2 (Section 2.3.7) that levels of pPKB were unrelated to levels of 
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pGSK3β. The data presented for the WHCO3 cell line also suggest that the ability of the PI3K 

pathway to regulate the nuclear translocation of β-catenin is largely dependent on the presence of 

pPKB. The involvement of pPKB is substantiated by the fact that no changes in the nuclear 

levels of β-catenin were evident in the WHCO3 cell line known to possess undetectable pPKB 

levels, despite the clear influence PI3K inhibition had on pGSK3β (Chapter 2, Section 2.3.7, see 

Fig. 2.13).  

 

Relatively little is known about the regulation of GSK3β
200, 961

. The general view is that Wnt 

signalling preferentially targets the Ser21 residue of GSK3β
961

, and thus the ability of the Wnt 

signalling pathway to regulate the Ser9 phosphorylation of GSK3β is a contentious issue. In 

addition to PKB, regulation of the Ser9 phosphorylation of GSK3β has been ascribed to many 

other kinases such as ILK, protein kinase A (PKA), S6K, and PP2A, and the specificity of 

which, has been attributed to the cell type
519,962, 963

. Here, it is clear that in the WHCO and SNO 

series, the Ser9 phosphorylation of GSK3β is under the regulation of the Wnt signalling 

pathway.  

 

Uniquely, the data presented here point to Wnt-dependent mechanisms in the regulation of the 

Ser9 phosphorylation of GSK3β in HOSCC cells. The profound involvement of the Wnt 

signalling pathway in this regulation is highlighted in the WHCO3 cell line, where levels of 

pGSK3β significantly increased following activation of Wnt signalling, despite the presence of 

undetectable pPKB levels. It is quite clear from this chapter that pGSK3β forms a crucial point 

of convergence for the Wnt and PI3K signalling pathway in HOSCC. However, based on the 

highly confusing role that each pathway plays in the regulation of GSK3β (see above), there is a 

definite need for a better understanding of the unique role played by these complex pathways in 

the nuclear accumulation of β-catenin.  This places HOSCC as a prime model for studying the 

underlining Wnt-independent routes taken for the nuclear translocation of β-catenin. Moreover, 

our data has unveiled bi-directional interplay between two highly oncogenic signalling pathways, 

the Wnt and PI3K signalling pathway within the WHCO and SNO HOSCC series.  
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Chapter 7 
General Discussion and Conclusion 

 

The induction and survival of cancer cells are highly dependent on specific aberrations in 

particular genes and/or proteins, which ultimately appropriate various signalling pathways, that 

provide the environment needed to maintain the diseased state
26, 964, 965,966, 967, 968

. As a result, 

most cancer cells develop a dependency on these particular abnormalities for their survival, a 

phenomenon described as ―oncogene addiction‖
30

. The PI3K/PKB/PTEN signalling pathway 

reportedly contributes to the progression of a variety of cancers
36,225, 969

. HOSCC is an obvious 

omission from this spectrum. Specific characterization of abnormalities in cancer cells provides 

better insight into their tumorigenic state, and reveals more appropriate candidates for 

therapeutic targets. This study has focused on understanding the role of the PI3K/PKB signalling 

network in both HOSCC and as it applies to cancer in general and unveils novel mechanisms in 

its regulation. Therefore, this thesis forms part of an on-going and current effort in research to 

characterize the specific role played by this pathway in cancer transformation. 

 

7.1 The significance of p85α expression in HOSCC. 

 

One of the most critical regulatory mechanisms of the PI3K/PKB signalling pathway is elicited 

through the ClassIA p85α regulatory subunit
970

. Recently it was shown that mice lacking the gene 

transcribing this subunit (PIK3R1) display potentiated cell proliferation through increased PKB 

Ser473 phosphorylation
323

. Furthermore, the important role of p85α as a tumour suppressor has 

become apparent, yet the mechanisms used to regulate the activation of PI3K by p85α are 

complex. For this reason, the protein levels of p85α are found reduced in a number of tumour 

lineages, such as colon, ovarian and endometrial cancers
318, 331, 971,972

. Counter to these epithelial 

cancers, was the finding that the protein concentration of p85α was significantly high in HOSCC 

(Chapter 2, Section 2.3.2, and Chapter 5, Section 5.3.1).  Fascinatingly, even though p85α was 

shown localized to the membrane in the absence of exogenous stimulation, which is indicative of 

its constitutive activation
246
, no activating mutations within the iSH2 domain of p85α (PIK3R1) 

were found in the 5 HOSCC cell lines (Chapter 2, Section 2.3.1). The salient feature of these 

data, is that unlike other stratified epithelial cancers (see above); this would be the first report to 

show a membrane localization of p85α that is not accompanied by mutations in the main 

functional domains in HOSCC. 
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Independent of its regulation of the p110α catalytic subunit, it has recently been discovered that 

the p85α regulatory subunit can further antagonize the activation of PI3K by at least two 

additional mechanisms. One such mechanism is through free or unbound p85α that competes 

with p110α for binding to the EGFR, reducing the activation of PI3K
973

. A second mechanism is 

through the novel mutually exclusive interaction between p85α and PTEN, which was shown to 

stabilize PTEN by preventing its ubiquitination, thus leading to diminished activation of the 

PI3K/PKB pathway
974, 975,

 
976
. Therefore, p85α knockdown experiments in mice also illustrate 

lower and unstable PTEN that potentiates activation of the PI3K/PKB pathway
973

. In the 5 

HOSCC lines, high expression of p85α was associated with low and stable PTEN protein levels 

(Chapter 4, Section 4.3.2, and Chapter 5, Section 5.3.2). Furthermore, p85α was found weakly 

associated to the EGFR, even under conditions of exogenous stimulation (Chapter 3, Section 

3.3.4). Moreover, the concentration of PTEN was shown to be significantly less susceptible to 

degradation by the 26S proteasome (Chapter 5, Section 5.3.3c). Taken together, these data 

suggest that the level of free p85α may be high in HOSCC cells and linked to the reduced 

association observed between p85α and the EGFR, as well as the stable PTEN expression. It may 

be interesting in the future to evaluate the impact that loss of the PIK3R1 allele may have on the 

levels of PTEN in the WHCO and SNO series. 

 

According to the literature, poorly differentiated tumours have a higher proliferation rate and 

tumorigenic potential
977, 978, 979

. The role of PI3K in tumour differentiation is rather contentious, 

in that both previous and current research shows the positive contribution made by PI3K in the 

differentiation state of gastric cancer
328

, whereas others have established the negative 

involvement in colon cancer
980

. With respect to the 5 metastatic HOSCC cell lines, they have 

been classified as both borderline poorly- and well-differentiated tumours, evidenced by their 

histopathological reports
333

 and poor keratinizing capabilities
329

. Therefore, the 5 HOSCC cell 

lines are considered as ―moderately differentiated‖. In view of their moderately differentiated 

state, no distinct relationship between the level of p85α protein expression and their 

differentiated state was evident. This is substantiated by the low p85α protein levels detected in 

the WHCO1 and WHCO3 cell lines, and the higher levels present within the WHCO5, WHCO6, 

and SNO cell lines (see Chapter 2, Section 2.3.2). Hence, a valuable addition to the results 

presented here, is that unlike the positive link between the up-regulated expression of p85α in the 

glandular elements of colorectal cancers at all stages
378
, levels of p85α in HOSCC cells are not 

directly associated with their moderately differentiated state. 
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Fundamentally, the protein expression of p85α in the 5 HOSCC cell lines proved to be extremely 

stable, despite modifying inputs from EGFR activation (Chapter 3, Section 3.3.1), PP2A 

inhibition (Chapter 4, Section 4.3.1), or oxidative stress/PTEN inhibition (Chapter 4, Section 

4.3.5). Notwithstanding the down-regulation in the protein levels of p85α at higher 

concentrations of Bzb observed in Chapter 5 (Section 5.5.3c), these data still strongly suggest 

that unlike the colon cancer cells described above, HOSCC is most compatible with the model 

wherein levels of p85α may be required for the maintenance of their transformed state. This 

forms a firm basis to our understanding of the impact of p85α protein expression in HOSCC. 

 

7.2 Activation of PI3K in the WHCO and SNO HOSCC series. 

 

The PI3K/PKB signalling pathway is distinguished for its proficiency in initiating and 

maintaining cancer cell proliferation, migration and invasion
981, 982, 983

. However, despite the fact 

that activation of the PI3K/PKB pathway was shown to adversely affect the clinical outcomes of 

oesophageal cancer patients, its contribution to the transformed state in HOSCC remains poorly 

defined
295

. Even though it is clear from the literature that the primary effects used by EGFR 

overexpression to induce transformation are poorly understood, and largely cell-type specific
234, 

984, 985, 986
 , EGFR overexpression or amplification is often endorsed by high pPKB levels

140, 987
. 

Despite the overexpressed state of EGFR in the 5 HOSCC cell lines, the data presented here 

shows that levels of active PI3K (pPKB) are low in three of the HOSCC cell lines (WHCO1, 

WHCO5, and SNO), high in the WHCO6 cell line and below levels of detection in the WHCO3 

cell line (see Chapter 2, Section 2.3.5). By utilizing the physiological PI3K inhibitor, LY29 

(Chapter 2, Section 2.3.8), and through EGFR activation (Chapter 3, Section 3.3.5), it was 

demonstrated that while PKB Ser473 phosphorylation is indeed reliant upon PI3K activity in the 

HOSCC cell lines, the EGFR overexpression status does not have a significant impact on this 

activity. Specifically, the WHCO3 cell line was shown to possess the highest level of EGF 

receptors
329

, yet this study showed no corresponding pPKB response to EGFR activation.   

 

Somatic mutations within the gene transcribing the catalytic subunit of PI3K (PIK3CA) 

predominantly induce hyperactivation of the PI3K/PKB pathway, evidenced by augmented 

pPKB levels
140, 248,988

. However, it is now evident that the presence of PIK3CA mutations in 

cancer cells may instead, cause a reduced dependency on PKB for their survival, and thus exhibit 

minimal Ser473 phosphorylation levels
542,543

. This was specifically demonstrated in certain of 

the mtPIK3CA controls used in this study; MCF7, DLD-1 and HT29 cell lines
330

. Uniquely, the 
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data presented in this study (see Chapter 2, Section 2.3.4), indicates that, similar to these 

mtPIK3CA controls, the low and absent pPKB in four of the HOSCC cell lines (WHCO1, 

WHCO3, WHCO5, and SNO) is symptomatic of a reduced dependency on PKB for their 

survival and maintenance of the transformed state. Distinctively, these low concentrations of 

pPKB in the WHCO and SNO HOSCC series were not associated to mtPIK3CA (see Chapter 3, 

Section 3.3.6).  

 

The importance of mutations within PKB in the induction and maintenance of cancer 

transformation has become apparent
989

. Although much remains to be determined regarding the 

specific and relevant perturbations within PKB, many studies in epithelial-derived cancers, have 

likened its oncogenicity to an activating E17K mutation present within its PH domain, that gives 

rise to its constitutive membrane translocation
250,254,990

. Recently, it was demonstrated that by 

inducing activating mutations within the Thr308 and Ser473 residues of PKB, transformation 

was potentiated through its enhanced membrane binding. Relevantly, given the strong membrane 

pPKB localization established in the WHCO1, WHCO5 and WHCO6 cell lines (see Chapter 2, 

Section 2.3.5), combined with a non-mutated PIK3CA within the 5 HOSCC cell lines, the 

likelihood that PKB mutations within HOSCC may exist was considered. Sequence analysis of 

the activation-associated PH, linker, catalytic and regulatory domains of PKB
991

, showed that the 

5 HOSCC cell lines do not possess activating mutations in any of these PKB domains (see 

Chapter 3, Section 3.3.7). Therefore, mutations within PKB do not account for the low and 

undetectable pPKB within the WHCO1, WHCO3, WHCO5, and SNO cell lines, or the high 

pPKB levels in the WHCO6 HOSCC cell line. Consistent with these findings, mutations within 

PKB were also reported absent in other epithelial based cancers such as epidermal skin cancer
531

, 

breast
533

, and non-small lung cancer
32

, even though the activating E17K mutation was only 

explored. In order to further understand the effects of the various intermediates of the PI3K/PKB 

pro-survival signalling pathway in HOSCC, reassurance of the mutational influences within 

PIK3CA and PKB was important to exclude. 

 

It has been demonstrated previously, that high activation levels of PI3K (pPKB) can become 

chronic to tumour cell survival
657

. Hence, these low pPKB levels are suggested to serve as a 

form of protection from the PKB-mediated attenuation of invasion and metastasis
543

. Evidence 

emanating from various laboratories has shown that one such mechanism is through its ability to 

activate the E3 ubiquitin ligase, HDM2/MDM2, which in addition to p53
992

, ubiquitinates an 

invasion-promoting factor, the NFAT (nuclear factor of activated cells)
993, 994, 995 

. NFAT 

contributes to the invasive capabilities of the epithelial breast and colon cancer cells through the 
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up-regulation of the cyclooxygenase-2 (COX-2) genes responsible for the inflammatory 

response
996, 997

. Furthermore, the NFAT is known to be activated specifically during α6β4 

integrin-induced carcinoma invasion
998
. Even though it is the αv integrin that showed de novo 

overexpression in HOSCC
611
, it is well established that the αv integrin potentiates a large 

repertoire of integrin heterodimer formation during invasion, including the α6β4 integrin
999, 1000

. 

Furthermore, the role for COX-2 in the invasive and metastatic potential of numerous epithelial 

cancers, especially oesophageal cancer, is also well recognized
1001, 1002, 1003, 1004,

 
1005

.  Thus, it is 

conceivable that the low levels of pPKB in the WHCO and SNO series are somewhat deliberate 

in order to circumvent the PKB-mediated attenuation in invasion and metastasis.  

 

Almost all cancer cells reported to possess activated PI3K and PKB, have accelerated 

proliferation that gives rise to transformation
1006, 1007,

 
1008

. Thus, PKB-mediated inhibition of 

invasion and metastasis is greatly cell-type specific. This cellular specificity is substantiated by 

Liu et al.
1009

, who demonstrated that while PKB activation induced proliferation, it 

simultaneously and adversely affected the motility and invasive potential of breast cancer cells. 

As Blagosklonny suggested
1010

, this paradoxical role of PKB in cellular signalling strongly 

implies that this pathway primarily operates in a three-dimensional manner and the activation or 

inhibition of cellular survival is largely dependent upon the cellular context.  

 

Of relevance, Hutchinson, et al.
1006

 indicated that cancer cells co-expressing activated PKB and 

ErbB2 possess a lower invasive capability than those expressing activated ErbB2 alone. 

Therefore, a plausible explanation for the existence of low pPKB in HOSCC, despite their EGFR 

overexpression status, could be highly suggestive of a mechanism used to counteract the anti-

invasive properties of PKB outlined above. Since the activation of PI3K is augmented by the 

αvβ1 integrin mediated GF-independent activation of EGFR
1011

, it was surprising to observe 

such low pPKB levels. Hence, it can be assumed that the overexpressed state of EGFR and αvβ1 

integrins in HOSCC is insufficient to infer constitutive activation of PI3K. This view is verified 

by the results obtained in the WHCO3 cell line throughout this study. The WHCO3 cell line has 

the strongest EGFR and β1 integrin overexpression status
332,611

, yet levels of pPKB were 

consistently undetectable and only induced in response to H2O2 (see Chapter 4, Section 4.3.4).  

 

Contrary to the general understanding, a recent study demonstrated that as a cancer cell loses its 

epithelial characteristics by becoming more mesenchymal-like (EMT), under conditions such as 

tumour cell chemotaxis, it loses its dependence on the EGFR signalling pathway
1012

. The authors 

also highlighted the significant association between elevated ROS levels, the mesenchymal 
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phenotype and resistance to chemotherapy. Furthermore, Bar et al.
1013

 also confirmed that upon 

transition to the mesenchymal phenotype, cancer cells lose their dependency on the EGFR signal 

for their continual survival, and instead, become reliant upon alternative pathways, like those 

triggered by the PDGFR. This may explain why a strong association between the EGFR and 

PI3K was not found in the 5 HOSCC cell lines (see Chapter 3, Section 3.3.4). One of the 

methods in which EGFR induces cellular proliferation is through the activation of the ERK 

(extracellular-signal-regulated kinase) signal transduction pathway
1014

. Moreover, this pathway 

also regulates the transcription of the EGFR through the early growth response-1 (EGR-1) 

transcription factor
1015

. Notably, this EGFR-ERK-EGR-1 signalling loop was shown to attenuate 

the activation of the PI3K/PKB signalling pathway through Gab1
1016

. Pertinently, the 

indispensability of the EGFR-ERK-EGR-1 pathway in the pathogenesis of the WHCO1, 

WHCO5, and WHCO6 cell lines was previously shown
1017

. Thus, a plausible explanation for the 

low activation status of the PI3K/PKB pathway in HOSCC could be attributable to the activation 

of this EGFR-ERK-EGR-1 signalling pathway loop. It would appear that the PI3K/PKB pathway 

in the 5 wtPIK3CA HOSCC cell lines, dissimilar to most cancer cell lines
524,1018, 1019,  1020, 1021

, is 

dispensable for the maintenance of their transformed state. Consequently, it seems clear that 

alternative mechanisms in the regulation of the PI3K/PKB pathway in HOSCC must be sought.   

 

The production of H2O2 is imperative for effective signal propagation in response to EGFR 

activation, and equally essential for the specific activation of the PI3K/PKB signalling 

pathway
1022, 1023

. Consistently, studies have indicated that specific inhibition of this orchestrated 

H2O2 generation through EGFR and PI3K impedes PDGF- and EGF-mediated signalling
1024, 1025, 

1026
. Here, stimulation of EGFR did not provoke activation of the PI3K/PKB pathway, 

specifically in the WHCO3 cell line, to the same extent as that observed following PTEN 

oxidation (inhibition) through exposure to H2O2 (see Fig. 3.8 and Fig. 4.10B). Given that the 

membrane localization of PI3K is deemed sufficient to induce the production of H2O2 required 

for PTEN oxidation (inhibition), it was surprising to notice the inconsistency between EGFR 

activation and pPKB levels occurred despite the obvious increase in the PI3K membrane 

localization (see Fig. 3.2 and Fig. 3.5). Henceforth, our data indicate that H2O2 plays an essential 

role in the activation of the PI3K/PKB pathway in the WHCO and SNO HOSCC series, but the 

communication between EGFR activation and H2O2 production is somewhat diminished.  

Indeed, the manner in which exogenous H2O2 transmits signals from the EGFR and the strength 

thereof is highly controversial
1027, 1028, 1029

. Various studies have shown that in addition to 

permeating and regulating the PI3K/PKB pathway through PTEN, H2O2 aids in maintaining the 

EGFR in an active state by preventing its internalization and degradation
650, 1030, 1031

. Tyrosine 
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phosphorylation of EGFR is one of the mechanisms that confirm its activational state
985

. Of 

relevance, it was recently demonstrated that activation of the EGFR substantially resulted in the 

overall increase of its tyrosine phosphorylation in HOSCC (unpublished data). Therefore, the 

clear loss of communication between EGFR-mediated PI3K activation and H2O2 production in 

HOSCC cells is not due to the deregulated activation of EGFR.  

 

As noted above, PKB plays an integral role in the regulation of anti-survival. One such 

mechanism is by regulating intracellular H2O2 levels via the forkhead box O (Foxo) transcription 

factors
660, 1032

. Under conditions where PKB is highly active (pPKB), the production of anti-

oxidants through the Foxo transcription factors is constitutively prohibited through PKB, making 

these cells extremely sensitive to increases in the levels of H2O2; and thus suggested to be 

insufficient to maintain the pro-survival state
660,657, 1033

. The literature indicates that in order for 

cancer cells to invade and metastasize, they need to overcome these antagonistic properties of 

PKB through H2O2, by maintaining a low concentration of pPKB
657,658,659

. Relevantly, prolonged 

exposure of the epithelial lining of the oesophagus to either one of its etiological factors such as 

bile acid, mycotoxins, nicotine, or alcohol, was shown to result in chronic inflammation and 

H2O2 generation
1034, 1035,

 
1036, 1037

. Moreover, recent evidence has revealed the critical role played 

by the altered production and clearance of H2O2 in the metastatic potential of bladder
1038

, 

breast
1039

 and colon cancers
1040

. Ultimately, it would appear that HOSCC cells may have 

circumvented the adverse effects of H2O2 by maintaining a low PKB activation status that aids in 

the up-regulation of anti-oxidants; that would otherwise be attenuated by PKB. This 

understanding is consistent with Vaezi et al.
 280

and Tan et al.
 1041

, who showed the importance of 

H2O2 in the development of oesophageal cancer. 

 

It seems logical to question how the WHCO and SNO HOSCC series may use H2O2 for their 

advantage ascribed, and manage to escape its adverse effects. Research has linked this escape 

mechanism to the presence of the cell surface mucin, MUC1, which is able to suppress the 

apoptotic effects induced by intracellular H2O2 levels
1042

. This was confirmed by two 

independent studies demonstrating MUC1 is an oncogene that blocked oxidative stress-induced 

apoptosis
1043,

 
1044

. These authors were able to link this activity to the MUC1-dependent up-

regulation of catalase, suggested to occur through its association with β-catenin in the nucleus. 

Catalase is one of the major H2O2-eliminating enzymes within a cell. Appropriately, prior 

research on the 5 HOSCC cells revealed that MUC1 is indeed expressed and associates with β-

catenin which was suggested to play a major role in the attenuation of H2O2-induced 

apoptosis
1045

. Furthermore, we were able to demonstrate the elevated nuclear expression of β-
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catenin the 5 HOSCC cell lines (see Fig. 6.3). Therefore, it can be assumed that the clear impact 

H2O2 has on the activation of the PI3K/PKB pathway may have been obtained from the initiation 

of the transformation of the WHCO and SNO HOSCC series, and as such, is a key mechanism 

that enables these cells to maintain a low PI3K/PKB activation status. 

 

7.3 PTEN - a significant player in PI3K/PKB signalling in HOSCC. 

 

A notable feature of PTEN influence in cells is its antagonism on the PI3K/PKB pathway
537,1046

. 

Therefore it is not surprising that complete loss of PTEN protein is frequently reported in cancer, 

and strongly linked to transformation through high pPKB levels
632, 1047,1048,

 
1049, 1050, 1051, 1052

. As a 

result, emphasis is placed on the inversely correlated expression of PTEN and pPKB in a number 

of cancer cells, such that high concentrations of PTEN correspond to low pPKB levels and vice 

versa
538,1053

. In the WHCO and SNO HOSCC series, for the first time, we show that low levels 

of PTEN are associated with low concentrations of pPKB (see Fig. 4.6 and Fig. 5.3). Consistent 

with these attenuated PTEN levels shown here, diminished expression of PTEN was positively 

linked to the differentiated state of Chinese oesophageal cell lines
457

, and thus suggested to serve 

as a prognostic marker. Pertinently, recent evidence has underpinned the decreased expression of 

PTEN protein to the inefficacy of cancer prevention and therapy
596, 1054, 1055

. Based on the quasi-

sufficient nature of PTEN
565, 681

, it is an on-going challenge to understand how certain cancers 

are able to successfully transform in the presence of PTEN
566, 1056

. Thus, characterising the role 

of PTEN in the WHCO and SNO HOSCC series is imperative, as it reveals the mechanisms used 

in these cells to maintain low pPKB. The function and expression of PTEN, on the other hand, is 

extensively regulated by several genetic, epigenetic, transcriptional and post-translational 

mechanisms which emphasize its importance as a tumour suppressor
1057

. As a result, multiple 

mechanisms are likely to converge on the regulation of the expression and function of PTEN in 

HOSCC.  

 

The tumour suppressive function of PTEN is largely dependent on its cellular localization
1058

. 

Although it is the cytoplasmic PTEN that inhibits the PI3K/PKB pathway, it has become 

accepted that PTEN can directly influence the stability, cell-cycle arrest and apoptotic events of a 

cell through its nuclear translocation
577, 1059

. Thus, it is the balance between these cytoplasmic 

and nuclear roles of PTEN that ultimately determines the neoplastic state of a cell
635,677,1060

. In 

this study, we provide evidence that although present within the nucleus of the WHCO1, 

WHCO3, WHCO5, and SNO cell lines; the cellular localization of PTEN is predominantly 

expressed within the cytoplasm of HOSCC (see Fig. 4.7 and Fig. 4.8). This was exemplified by 



209 

 

the fact that, the concentration of PTEN in HOSCC was largely excluded from the nucleus, 

demonstrated through immunoflourescent staining (see Fig. 4.7), and confirmed by the high 

nuclear PTEN within the colon HT29 control
578

. Recent evidence has revealed that, although the 

nuclear PTEN levels are high in colorectal cancers, they gradually decrease after malignant 

transformation
597

. As these HOSCC cells are metastatic, suggests that the loss of nuclear PTEN, 

similar to colon cancers, may be associated to the maintenance of their transformed state. 

Evidence to the contrary, performed on the KYSE series of oesophageal cancer
1061

, showed that, 

similar to normal oesophageal epithelium, the expression of PTEN was high in the cytoplasm of 

42 surgically resected oesophageal tumours
1062

. Subsequently however, one of the authors 

reported that results obtained from the KYSE series oesophageal cancer lines should be 

interpreted with great caution, due to the high level of cross-contamination within these cell 

lines
1063

. Conversely, research has previously linked the cytoplasmic PTEN to its instability and 

enhanced activity
398

. Substantially, the cytoplasmic PTEN in the WHCO and SNO HOSCC 

series was shown, throughout this study, to be relatively stable in spite of its cellular localization.  

 

EGFR-mediated activation of the PI3K/PKB pathway simultaneously leads to the membrane 

translocation of PTEN, which results in its dephosphorylation by an unknown mechanism
1064

. 

Dephosphorylation of PTEN diminishes its stability and subsequently aids in its degradation by 

the 26S proteasome
1065

. As a result, an increase in PTEN activity is strongly associated to its 

degradation, such that, rapid degradation of PTEN is induced upon its dephosphorylation 

following PI3K/PKB activation
1066, 1067

. Keeping this in mind, the frequency of PTEN expression 

was not significantly affected in response to PI3K inhibition (see Fig. 2.13C) or exposure to 

H2O2 (Chapter 4, Section 4.3.4, Fig. 4.9B), despite the obvious activation in the PI3K/PKB 

pathway.  For this reason, the constant, yet low concentration of PTEN in HOSCC was thought 

to be a product of the degradation process
684,1068

. Here, it was shown that PTEN is indeed subject 

to degradation by the 26S proteasome in HOSCC (see Fig. 5.7 and Fig. 5.8). Based on the fact 

that PTEN degradation proceeds in a caspase-3 dependent manner
695

, it was surprising to note 

that levels of PTEN were relatively stable in the WHCO5 and WHCO6 cell lines and elevated in 

WHCO1, WHCO3, and SNO cell lines despite the active caspase-3 present (see Fig. 5.7). 

Significantly, these data affirm that PTEN in HOSCC cells are stable. This strongly points to the 

existence of caspase-3 resistant sites on PTEN in the WHCO and SNO HOSCC series. Since 

CK2 is responsible for creating these caspase-3 resistant locations on PTEN through 

phosphorylation of it Ser370 and Ser385 residues
1069, 1070

, provides a convincing role for CK2 in 

the observed stability in PTEN. Consistent with a role for CK2 in the WHCO and SNO HOSCC 

series, levels of PTEN were also found relatively stable in the MCF7 and HT29 controls that 
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were previously shown to rely on CK2 activity for their survival
728,906

 (see Fig. 5.8). The data 

presented in this study provides the first evidence for a stable PTEN expression in HOSCC that 

is predominantly localized to the cytoplasm. The captivating question is how might this 

attenuated, yet constant expression of PTEN be maintained and retained in the cytoplasm of the 

WHCO and SNO HOSCC series? 

 

The stability and activity of PTEN are intimately linked
210

. Thus, based on the fact that over 79 

proteins are known to interact with and regulate PTEN
1071, 1072

, there are multiple mechanisms by 

which it can contribute to the maintenance of the transformed state
579,1073

. As indicated by the 

proteasome inhibition experiments, by using various cell lines as controls, we provide evidence 

for the putative regulators of the low and constant levels of cytoplasmic PTEN in HOSCC. p53 is 

regarded as a major regulator for the expression and stability of PTEN
1074

. Relevantly, our data 

indicated that p53 does not seem necessary for the regulation of PTEN protein levels in HOSCC. 

This was based on the finding that the protein expression of PTEN subsequent to PI was similar 

across both the wtp53 (WHCO1, WHCO3, WHCO5, WHCO6), the mtp53SNO and mtp53 

controls (DLD-1, Sw480, HT29) (see Fig. 5.7 and Fig. 5.8). Pertinently, as c-Jun and c-Myc 

considerably attenuate PTEN expression,
692,914

 the low PTEN levels in HOSCC appear to be 

highly indicative of the significantly high c-Jun levels established in this study (see Fig. 6.4). Of 

interest, using locus specific FISH, the amplification of c-Myc was recently confirmed in the 5 

HOSCC cell lines
1075

, therefore c-Myc is likely to further contribute to low PTEN expression. 

This is exemplified by the low and high PTEN expressing HEK293 and MCF7 used as controls 

(see Fig. 5.3) that have been shown to inherently possess stronger and weaker c-Jun levels 

respectively
692,914

.  

 

Furthermore, by identifying similarities and disparities in the stability of PTEN in the WHCO 

and SNO HOSCC series subsequent to PI, to those displayed within the cell lines used as 

controls, we were able to provide a view on the intracellular assessment of PTEN regulation. 

Polyubiquitination of PTEN by NEDD4-1 leads to its cytoplasmic translocation and consequent 

degradation, whereas monoubiquitination results in its nuclear sequestration, where it is saved 

from degradation
599

. It is clear, however, that cytoplasmic PTEN is stable and largely excluded 

from the nucleus within HOSCC, yet it is simultaneously resistant to degradation by the 

proteasome. Since it is the fine balance between NEDD4-1-mediated polyubiquitination, and 

HAUSP7-mediated deubiquitination of PTEN that determines both its cytoplasmic and nuclear 

localization and hence degradation, strongly points to the existence of a deregulated relationship 

between these proteins in the WHCO and SNO series giving rise to the stable cytoplasmic 
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PTEN. This viewpoint is supported by recent evidence demonstrating the complete nuclear 

exclusion of PTEN in cells overexpressing HAUSP7
1076

. As the molecular characterization of 

HAUSP7 and NEDD4-1 in the 5 HOSCC cell lines was not assessed as part of this study, their 

specific contribution to PTEN levels is unknown, but highly plausible. Thus, an exciting future 

prospect would be to explore the relationship between NEDD4-1, HAUSP7 and PTEN in the 

HOSCC cells. 

 

Based on the undetectable pPKB in the WHCO3 cell line and the low pPKB in the WHCO1, 

WHCO5 and SNO cell lines, it was believed to be attributable to elevated PTEN expression and 

activity. However, as outlined above, levels of PTEN are consistently low in all HOSCC cell 

lines. Thus a major departure from the ―norm‖ in this study was the lack of inverse correlation 

between PTEN and pPKB (see Chapter 2, Section 2.3.7). Under normal conditions, H2O2 is 

produced by the membrane-bound NADPH oxidase (Nox) as an immediate response to the 

EGFR-mediated activation of PI3K
1077

, leading to the concomitant Cys124 oxidation and 

reversible inhibition of PTEN
1078

.  Remarkably, this study revealed that the activity of PTEN 

towards the PI3K/PKB pathway in the WHCO and SNO HOSCC series is intact and reliant upon 

regulation by H2O2 (see Chapter 4, Section 4.3.4). The involvement of PTEN in the up-regulated 

pPKB levels observed in response to H2O2 was indicated by its oxidized and thus inhibited state 

(see Fig. 4.9A). Hence, these data demonstrate that PTEN is functional in HOSCC. A salient 

feature of these data is that the membrane localized PI3K was established (see Fig. 2.6 and Fig. 

2.8), yet the levels of pPKB were not similarly affected in response to EGFR activation (see Fig. 

3.8). Thus, with respect to the EGFR overexpression status, it seems clear that the relationship 

between EGFR-mediated PI3K activation and H2O2 production is lost in HOSCC. Although this 

point holds true for all the HOSCC cell lines, the robust pPKB levels obtained in the WHCO3 

cell line following PTEN oxidation (inhibition) by H2O2 is of particular relevance (see Fig. 

4.9A). Importantly, the literature is very clear about the oxidative inactivation of PTEN via H2O2 

as an integral mechanism for the activation of the PI3K/PKB pathway
650,1079, 1078,

 
1080, 1081

. This 

suggests that the activity of PTEN in HOSCC is not controlled and H2O2 plays a significant part 

in this deregulation.   

 

In the presence of high catalase expression, EGFR-mediated H2O2 production is revoked
650

. 

Catalase, in addition to peroxiredoxin (Prx), and glutathione peroxide (GPx) are H2O2-

eliminating enzymes that convert H2O2 to water and O2
1082

. Ostensibly, research indicates that 

cells with robust activity in either one of these H2O2-eliminating enzymes, display enhanced 

H2O2 clearance following exogenous stimulation
646,648

. Based on the ability of the HOSCC cells 
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to readily reduce and thus activate PTEN following exposure to H2O2 (see Fig. 4.9A), is 

tantamount to the presence of a similar sophisticated H2O2-eliminating system. Multiple studies 

reveal that the concentration of H2O2 used in this study, enables H2O2 to be a representative 

oxidant, and as such, is considered a strong inducer of oxidative stress
1083, 1084, 1085, 1086,

 
1087, 1088

. 

Hence, the cellular response to oxidative stress by H2O2 is considered a good indicator of their 

cellular environment
1033

. Therefore, cells in an aerobic environment are regarded more sensitive 

to the DNA damage induced by the low oxygen levels, whereas cells that contain an anaerobic 

environment are highly tolerant of H2O2
1089

. This tolerant H2O2 environment, in turn, leads to the 

concomitant up-regulation of anti-oxidants needed to dampen the toxic effects of H2O2
1090

. A 

recent study also revealed the intimate relationship that exists between high cellular H2O2 levels, 

and the propensity to become metastatic
1091

. The same study, along with those reported by 

Landriscina et al.
1092

, also showed, that this led to a compensatory increase in antioxidant levels 

to survive the harsh oxidative environment. In addition to suppressing PTEN levels, c-Myc 

reduces the intracellular concentration of H2O2 by up-regulating the expression of Prdx1
644, 

1093,1094
. Since c-Myc is amplified in HOSCC, provides more supporting evidence for the 

existence of H2O2 compatibility mechanisms within this disease. Thus, as suggested above, the 

cellular environment in the WHCO and SNO HOSCC series appears to be conducive to 

oxidative stress, thus readily reducing the oxidative state of PTEN observed. Altogether, the 

obvious heightened tolerance HOSCC has acquired towards H2O2-induced oxidative stress has 

been shown to only occur in cells that are conditioned to such oxidative stress
1095

, and as such, 

provides compelling evidence for the existence of aberrant PTEN oxidation in the WHCO and 

SNO HOSCC series.  

 

This investigation has clearly demonstrated that the expression of PTEN is indeed suppressed 

and inappropriately regulated in HOSCC. However, since PTEN can also exert similar tumour 

suppressive functions independent of its phosphatase activity, through cellular migration and 

invasion
751, 1096, 1097

, may explain why these HOSCC cell lines have not lost all PTEN levels. 

During migration and invasion, the expression of TGF-β is induced, diminishing PTEN activity 

and expression
1098, 1099

. In contrast, previous investigations on the WHCO and SNO HOSCC 

series demonstrated an up-regulation in PTEN expression following exposure to TGF-β
1100

.  

Therefore it would seem reasonable to suggest that HOSCC cells retain their expression of 

PTEN, so as direct its function towards migration. Nonetheless, the significantly attenuated and 

constant PTEN expression in HOSCC, implicates the acquisition for diminished PTEN levels 

and phosphatase activity as an important event in the maintenance of HOSCC transformation.  
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7.4 Degradation of PKB by the 26S proteasome. 

 

Exposure to H2O2 stimulated the Ser473 phosphorylation of PKB in the PTEN-null Jurkat cell 

line
1101

, suggesting that H2O2-mediated inhibition of PTEN may not be the only mechanism for 

activation of PI3K (pPKB) observed in this study. As noted throughout this investigation,  the 

relative changes in pPKB  obtained from PI3K inhibition (see Fig. 2.12), H2O2 exposure (see 

Fig. 4.10) and PI (see Fig. 5.9) respectively, were not inversely proportional to PTEN protein 

expression; indicating that the down-regulation in the concentration of pPKB in HOSCC is not 

entirely attributable to PTEN.  

 

In this thesis, evidence was provided demonstrating that PKB is highly resistant to H2O2-

mediated inactivation in HOSCC (see Fig. 4.10). This is borne out by the fact that a recent report 

showed that H2O2 was able to directly attenuate the Ser473 phosphorylation of PKB through 

conformational changes that disrupts binding to Hsp90
650

. Here, H2O2 seemed necessary for the 

induction of pPKB levels in HOSCC. Limited data are available regarding the degradation of 

PKB, but it is known to be tightly linked to dephosphorylation of its Ser473 residue shortly after 

activation by EGFR
220,850

. The concentration of pPKB was found to be particularly sensitive to 

PI in the WHCO1, WHCO5, and the WHCO6 cell lines (see Fig. 5.9). These data thus highlight 

the importance of the 26S proteasome in the regulation of the activation status of the PI3K/PKB 

pathway in HOSCC. It was interesting to note, that levels of pPKB were not induced in the 

WHCO3 cell line as a result of PI. Recently, it was shown that the mTORC2-mediated Ser473 

phosphorylation and activation of PKB, directly leads to its Lys48 polyubiquitination and 

degradation of PKB via the 26S proteasome
1102

. The direct degradation of PKB following its 

activation is suggested to prevent hyperactivation of the PI3K/PKB pathway. It seems clear that 

the mechanisms used by the WHCO and SNO HOSCC series to maintain a low pPKB status are 

linked to the 26S proteasome. 

 

To date, Bortezomib (Bzb) represents one of the best characterized and most specific methods 

used to inhibit the 26S proteasome
772,1103, 1104

. Even though the efficacy of Bzb has been 

demonstrated in melanomas
1105

 and certain epithelial cancers
1106, 1107

, its usefulness, and thus 

mechanism of action in HOSCC is largely unexplored. Various studies have linked the elevation 

in PTEN, and corresponding down-regulation in PKB Ser473 phosphorylation, as a measure for 

cellular sensitivity to Bzb
791,1073,1108, 1109

. The data presented in this study indicated that although 

pPKB was severely down-regulated in the WHCO1, WHCO3, WHCO5, and WHCO6 HOSCC 

cell lines, PTEN played only a partial role. The exclusion for a role for PTEN was evident by the 
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unrelated levels of PTEN and pPKB at higher Bzb concentrations (see Fig. 5.9). There are 

presumably proteasomal-dependent and proteasomal-independent methods used for PKB 

degradation
849

. Our data show that caspase-3 activation is needed to down-regulate pPKB in the 

WHCO and SNO HOSCC series (see Fig. 5.6 and Fig. 5.9). The dependence on caspase-3 was 

made clear by the maintained levels of pPKB in the SNO cell line, where caspase-3 was not 

activated (see Fig. 5.6 and Fig. 5.9). 

 

It has been reported that the presence of wt or mtp53 in cancer cells dramatically influences their 

sensitivity to PI induced by Bzb, such that, wtp53 cells are considered more sensitive
1110, 1111

. It 

seems clear in this investigation, however, that the mtp53 status does not contribute to Bzb 

resistance. Here, both the R175Hmtp53 SNO cell line
429

, and the wtp53 breast MCF7 control 

used in this study
1112

, conferred resistance to Bzb (see Fig. 5.9). Resistance to Bzb established 

here, is consistent with the resistance to Bzb confirmed previously in the MCF7 control
719

. Of 

interest, it was shown that p53 is indeed active in the WHCO and SNO HOSCC series, indicated 

by its Ser46 phosphorylation levels
429

. Although future work would be required to pinpoint the 

precise mechanism for the acquired resistance to Bzb in the mtp53 SNO HOSCC cell line, it is 

evident from these findings, that the mtp53 status does not play a role.  

 

H2O2 has been shown by previous reports to abrogate 26S proteasomal activity at sub-lethal 

concentrations (100 μM)
1084, 1113, 1114

. Moreover, the H2O2 concentration used in this study (1 

mM) was illustrated to induce homologous intracellular protein damage similar to that incurred 

during incubation with proteasome inhibitors
1115

. In this analysis, the concentration of pPKB was 

ameliorated in response to H2O2 exposure and diminished following PI (see Fig. 4.10 and Fig. 

5.9). Of interest, these data may suggest that the 26S proteasome in HOSCC has a higher 

tolerance for oxidative stress, and that the methods used by H2O2 and the 26S proteasome to 

regulate the PI3K/PKB pathway are distinct. Taken together, the results of this study have 

clearly demonstrated that the 26S proteasome plays an important role in regulating PI3K activity 

through PKB Ser473 phosphorylation. These data also strongly implicate that Bzb utilizes H2O2-

independent mechanisms to induce its apoptotic effects in HOSCC. This would be the first study 

to focus primarily on the effects of Bzb on the PI3K/PKB pro-survival pathway in HOSCC. As 

the efficacy of most drug targets are linked to elevation in H2O2 levels
1116

, the disconnection 

between H2O2 and PI illustrated here may prove to be a double-edged sword when targeting 

HOSCC.  
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7.5 Has the importance of PP2A been overlooked in the PI3K/PKB pathway? 

 

It is well established that the PP2A phosphatase is a negative regulator of the PI3K/PKB pro-

survival pathway
220,620, 1117, 1118

. The precise mechanisms are unknown, but PP2A can attenuate 

PKB activation by dephosphorylation of its Thr308 and/or Ser473 residue
179,1119

. PP2A is 

typically viewed as a ―reluctant‖ or ―lazy TSP‖
621

, and therefore its contribution to 

transformation is restricted to the tumour lineage
36,1120, 1121,

 
1122, 1123

. Moreover, the tumour 

suppressive roles of PP2A are largely dependent on its suppression on the PI3K/PKB pathway 

through PKB Ser473 dephosphorylation
1124

. Here it was demonstrated that, even though the 

Ser473 phosphorylation levels of PKB (pPKB) are low in HOSCC (see Fig. 2.9), depletion of 

PP2A activity through OA did not augment pPKB (see Fig. 4.4A). Therefore the activity of 

PP2A towards the PI3K/PKB pathway is suppressed in the WHCO and SNO HOSCC series. 

This deduction is substantiated by other studies that, likewise demonstrated unaffected pPKB 

levels following PP2A inhibition
551,1125, 1126

.  

 

Importantly, these data have presented strong, yet circumstantial evidence for the existence of 

diminished PP2A activity in the WHCO and SNO HOSCC series. There are several ways in 

which the activity of PP2A can be suppressed. In normal epithelial cells, PP2A facilitates the 

degradation of c-Myc
1127

. Therefore, the presence of a c-Myc amplification is persistently 

viewed as a marker for lost PP2A activity
629, 1122,1128, 1129

. Pertinently, the c-Myc amplification 

present within the WHCO and SNO HOSCC series further strengthens the existence of lost 

PP2A activity. The cancerous inhibitor of protein phosphatase 2A (CIP2A) has recently been 

identified as a novel inhibitor of c-Myc degradation via direct inactivation of PP2A. 

Consequentially, the aggressiveness of many metastatic tumours, and recently including 

oesophageal cancer
1130

, has been associated to the increased expression of CIP2A through its 

specific ability to attenuate the tumour suppressive function of PP2A
1131, 1132

. Most recently, 

inhibition of the proteasome using Bzb was shown to sensitize tumour cells to radiation through 

the inhibition of CIP2A
1133

. Thus, future evaluation of CIP2A is warranted and may serve useful 

in the on-going characterization of the PP2A-mediated effects on the PI3K/PKB pathway in 

HOSCC. 

 

Uniquely, the concentration of pPKB in the WHCO6 cell line increased in response to PP2A 

inhibition and thus shows that the Ser473 phosphorylation state of PKB in this cell line is in part, 

regulated by PP2A. The activity of PP2A is induced via the α2β1 integrin
609, 1134

. Importantly, α2 

and β1 integrin subunits are down-regulated in the WHCO and SNO HOSCC series
611

. On the 
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other hand, the activity of PP2A is suppressed by the β1 integrins
1117, 1135

. Possibly, it may be 

that, the ability to activate PP2A via the integrins is attenuated as a result of the down-regulated 

α2β1 integrin levels, giving rise to the negligible influence PP2A has on PKB, clearly indicated 

by OA exposure (see Fig. 4.4A).  

 

Although the apparent down-regulated PP2A activity in HOSCC may be attributable to the α2β1 

integrin, the up-regulated levels of EGFR could also contribute to this suppression as previously 

alluded
613

 (see Chapter 4, Section 4.4). It is therefore highly conceivable that the attenuated 

activity of PP2A in HOSCC is a consequence of the concerted inhibitory influences of EGFR 

and α2β1 integrin. Furthermore, previous evidence has demonstrated that the mechanism used by 

one of the initiating factors of HOSCC, the common FB1 mycotoxin found in grain, was through 

attenuation of the activity of PP2A by an unknown mechanism
558

. Despite the fact that it is 

unknown whether FB1 was responsible for the transformation of the 5 HOSCC cell lines, with 

respect to the high intake of maize-based foods at the time these cell lines were established
1136, 

1137, 1138,
 
1139

, it seems logical to suggest this may be the reason for the reduced PP2A activity on 

the PI3K/PKB pathway, as most clearly shown  in this study. Moreover, various studies have 

confirmed the importance of FB1 in the aetiology of the WHCO1, WHCO3, and SNO HOSCC 

cell lines specifically
1140, 1141, 1142

.   

 

These data provide insight into the molecular mechanisms of the PI3K/PKB pathway in HOSCC, 

in that, the activity of PP2A does not appear to play a predominant role in the attenuation of 

active PI3K (pPKB) ascribed to the WHCO1, WHCO3, WHCO5 and SNO HOSCC cells. 

Moreover, arising out of these data and the characteristics previously shown to be present within 

these HOSCC cells (EGFR overexpression, c-Myc amplification, and α2β1 integrin down-

regulation) suggests that these factors may lead to the abrogated activity of PP2A observed in 

this study. From the identification of suppressed PP2A activity in the WHCO and SNO HOSCC 

series, our data raises the hypothesis that attenuated PP2A activity plays a role in the 

maintenance of the transformed state and therefore by introducing treatments that augment PP2A 

activity, may serve as an ideal means of future therapy for HOSCC. 
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7.6 The WHCO and SNO HOSCC series – a model for crosstalk between the 

Wnt and PI3K pathways.  

 

Nuclear accumulation of β-catenin is one of the hallmarks for active canonical Wnt signalling in 

cancer
941

. In most instances, this nuclear accumulation is found associated to its reduced 

degradation, caused by mutations within β-catenin and/or mutations in one of the major 

components of the β-catenin destruction complex (APC/Axin/GSK3β), APC. Of note, the 

nuclear accumulation of β-catenin is most commonly found attributable to the aggressiveness of 

oesophageal cancer. However, unlike other epithelial cancers such as those found in colon
940, 

1143
, mutations within APC or β-catenin appear to be very rare in HOSCC

 943,1144,1145,
 
1146

. 

Therefore, a better understanding of the factors that govern these nuclear β-catenin levels is 

essential. Here, we found elevated nuclear β-catenin expression that was strongly affiliated with 

the protein expression of two of its nuclear gene targets; c-Jun and MMP-7 in HOSCC (see Fig. 

6.2-Fig. 6.4). Most recently, it was discovered that knockdown of β-catenin in the Sw480 colon 

cell line, down-regulated Fas ligand (FasL) expression
1147

, which is a type II membrane protein 

responsible for triggering apoptosis
1148

. Appropriately, the WHCO and SNO HOSCC series were 

recently shown to express high levels of FasL
1149

. As a result, the expression of FasL, c-Jun, and 

MMP-7 all point to the presence of an active β-catenin within the nucleus of the HOSCC lines. 

In non-cancerous cells, there are two distinct pools of β-catenin; the membrane localized β-

catenin pool that plays a role in C-C adhesion through its association with E-cadherin and α-

catenin, and the nuclear pool that plays a role in gene regulation in response to Wnt 

signalling
1150, 1151

. Reduced C-C adhesion is one of the major features of metastatic epithelial 

cancers like HOSCC
1152, 1153

. Therefore, decreased β-catenin/E-cadherin/α-catenin associations 

are often used as prognostic markers in prostate, breast, lung, stomach, colon, head and neck 

cancers
1154, 1155, 1156, 1157,

 
1158

. Corresponding to its dual functions in the nucleus and at the plasma 

membrane cell adhesion junctions, the data presented in this investigation show that, in spite of 

its robust nuclear levels, β-catenin was still found complexed with E-cadherin/α-catenin at the 

plasma membrane (see Fig. 6.5). Therefore, this study highlights that the nuclear accumulation 

of β-catenin may be a better marker than the decreased β-catenin/E-cadherin/α-catenin 

associations for the transformed state of HOSCC. 

 

A combination of studies have questioned the relevance of crosstalk between the PI3K and Wnt 

signalling pathway in the transformation process
1159, 1160, 1161,1048

. Here, it was found that 

inhibition of PI3K by LY29 substantially increased the nuclear accumulation of β-catenin in the 
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WHCO1, WHCO6 and SNO HOSCC cell lines specifically (see Fig. 6.8). As indicated by the 

considerable impact PI3K inhibition had on the Ser9 dephosphorylation levels, and thus 

activation of GSK3β in HOSCC (see Fig. 2.13B), it was clear that the reduction in the nuclear 

sequestration of β-catenin was instigated via activation of GSK3β (Fig. 6.8). Uniquely, it was 

also shown that although the Ser9 phosphorylation of GSK3β was regulated by PI3K, it was 

only, in part, mediated by PKB (see Fig. 2.12 and Fig. 2.13). Despite the observation that 

GSK3β was dephosphorylated (inhibited) on its Ser9 residue through PI3K inhibition in the 

WHCO3 cell line, no corresponding down-regulation in nuclear concentration of β-catenin was 

observed (see Fig. 6.8). As pPKB is undetectable in this cell line (see Fig. 2.9), the importance of 

PKB in the crosstalk between the Wnt and PI3K pathway is exemplified. The significance of this 

finding in HOSCC is further supported by a recent study that was unable to induce the Ser9 

phosphorylation of GSK3β as a result of PI3K inhibition
916

. This is the first report to 

demonstrate the crucial contribution made by the PI3K pathway in the nuclear levels of β-catenin 

in HOSCC, and show that in addition to GSK3β, PKB plays a significant role during this 

interplay. The impact of PKB in this relationship is further strengthened by the significant 

induction in pPKB attained following activation of Wnt signalling in the WHCO1, WHCO5, 

WHCO6, and SNO cell lines specifically (see Fig. 6.6). These data are in contrast with Ng et 

al.
1162

 and Ding et al.
1163

 , who demonstrated no significant influence of the PI3K/PKB pathway 

on the nuclear accumulation of β-catenin. Furthermore, a previous report by Sun and Jin
1164

, 

demonstrated interplay between the PI3K and Wnt signalling pathway in intestinal cells, but was 

shown to be PKB-independent. Most recently, the PI3K-dependent Ser9 phosphorylation of 

GSK3β was shown to play an essential role in the intestinal-wound healing response by 

accumulating nuclear β-catenin
1165

. The studies described here reveal that the PI3K pathway is 

able to significantly impinge upon the canonical Wnt signalling pathway in HOSCC, by 

regulating the nuclear accumulation of β-catenin via a PKB-dependent mechanism. 

 

The literature refers to two distinct groups of GSK3β in cells; the Wnt-regulated and PKB-

regulated GSK3β intracellular pools respectively
200,877, 1166

. As such, the Ser9 phosphorylation 

status of GSK3β has become a widely accepted marker for active PKB in a wide variety of cell 

types
962,1167, 1168, 1169

. Conversely, it was shown here, that activation of Wnt signalling had a 

substantial influence on the Ser9 phosphorylation of GSK3β (inhibition), especially in the 

WHCO3 and WHCO5 HOSCC cell lines (see Fig. 6.6). Thus, the Wnt signalling pathway is able 

to regulate the PKB-regulated pools of GSK3β, which suggests that bi-directional crosstalk 

between the Wnt and PI3K signalling pathways are operant in the WHCO and SNO HOSCC 

series. This bi-directional crosstalk in HOSCC is further substantiated by the fact that Wnt 
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signalling in the HT29 cell line is constitutive
1170

, and yet no similar up-regulation in Ser9 

GSK3β phosphorylation levels were evident following activation of Wnt signalling (see Fig. 

6.6). Pertinently, a key role for the Wnt signalling pathway in the Ser9 phosphorylation of 

GSK3β is clearly epitomized in the WHCO3 a cell line, where the levels of pPKB is 

undetectable, yet a significant up-regulation in pGSK3β was shown subsequent to activation of 

Wnt signalling (see Fig. 6.6). Hence, the non-responsive concentration of nuclear β-catenin 

obtained in the WHCO3 and WHCO5 following PI3K inhibition (see Fig. 6.8), may be 

indicative of the major role played by the Wnt signalling pathway in regulating GSK3β 

phosphorylation and activity, negating the influence of the PI3K pathway.  

 

Recent evidence has shown how Nox1 plays a central role in mediating crosstalk between the 

PI3K and Wnt signalling pathways in colon cancer via H2O2-induced PTEN oxidation and 

inhibition
1081

. Due to the fact that induction of pPKB in the WHCO3 cell line was only 

subsequent to H2O2-induced PTEN oxidation (see Fig. 4.9 and Fig. 4.10) and not activation of 

Wnt signalling (see Fig. 6.6), suggests that the molecular mechanisms used to activate PKB 

through Wnt signalling is not via H2O2 in HOSCC. It has long been thought that once 

phosphorylated, the activity of GSK3β is completely inhibited
200,962,1171, 1172, 1173

. Conversely, 

Doble et al.
1174

 has illustrated that although phosphorylated and thus inhibited, GSK3β is still 

able to discernibly attenuate the sequestration of β-catenin into the nucleus, and that this ability 

is only perturbed upon inactivation or deletion of three or four of its alleles. Therefore, although 

we were able to indicate that inhibiting PI3K resulted in ameliorated nuclear β-catenin levels in 

HOSCC, the low extent to which this took place is likely attributable to the presence of active 

GSK3β that may negate this effect, contributing to the reduction in this regulation in certain of 

the HOSCC cell lines. Of interest, recent and previous reports have illustrated that the MUC1 

oncoprotein attenuates GSK3β-mediated phosphorylation and degradation of β-catenin
1175, 1176

. 

As highlighted above, a robust interaction was shown to exist between MUC1 and β-catenin in 

these HOSCC cells. This MUC1/β-catenin interaction may provide additional insight into the 

reduced involvement for PI3K in regulating the nuclear levels of β-catenin via GSK3β.  

 

Additionally, high pGSK3β (inhibited) levels are considered a pathological marker in oral
1177

 

and lung cancers
1178

. In contrast, levels of pGSK3β in the WHCO and SNO HOSCC series were 

extremely varied (see Fig. 2.11). Thus, unlike the oral and lung cancers, pGSK3β may not serve 

as a good marker for the transformation state of HOSCC. It is accepted that activation of a single 

pathway is insufficient to provide the highly aggressive and proliferative state of cancers. 

Collectively, the data presented here provide convincing evidence for the existence of bi-
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directional crosstalk between the Wnt and PI3K pathways in the WHCO and SNO HOSCC 

series. Therefore, treatments targeting a single one of these pathways in HOSCC may serve an 

efficient therapy. 

 

7.7 A case for the regulation of the PI3K/PKB pro-survival signalling pathway 

in HOSCC.  

 

An integrated analysis of the major components of the PI3K/PKB pathway was done in order to 

examine what roles PI3K, PKB and PTEN may play in the maintenance of the transformed state 

in the WHCO and SNO HOSCC series. Characteristically, the 5 HOSCC cell lines are known to 

possess an EGFR overexpression status
332

 and active signalling of the canonical Wnt pathway
894

. 

Even though the functional relevance of these traits are still unknown, they were used to 

determine the status of the PI3K/PKB signalling network within HOSCC. From a tumour 

biology perspective, it would appear that HOSCC has evolved by reducing its EGFR-mediated 

activation of the PI3K/PKB pathway. The clear loss in communication between EGFR-mediated 

PI3K activation and consequent H2O2 production through Nox is suggested to play a major role 

in this diminished influence (as can be seen in Fig. 7.1). Hence, hypo-activation of the 

PI3K/PKB pathway plays a role in the maintenance of the transformed state of HOSCC. The 

clear departure of the tumour suppressor function of PTEN in HOSCC appears to be linked to its 

stability in the cytoplasm. Based on what was shown here, and what is known about these 

HOSCC cells, it is believed that the concerted action of the c-Myc amplification and the MUC-

1/β-catenin nuclear association maintains a low PTEN status and contributes to the overall 

protection of HOSCC to oxidative stress (demonstrated in Fig. 7.1). It seems clear from this 

study that the retention and accumulation of p85α protein levels is important in the reduced 

impact that EGFR has on the PI3K/PKB pathway (see above), and the stability of PTEN (see 

Fig. 7.1). Furthermore, it would also appear that the acquisition of lost PP2A activity in HOSCC 

is crucial in maintaining the deregulated and thus hypo-activated state PI3K/PKB pathway. In 

view of what was discussed above, the activity of the 26S proteasome and caspase-3 are deemed 

equally important in regulating the PI3K/PKB pathway in the WHCO and SNO HOSCC series. 

The mechanisms for the de-regulation of the PI3K/PKB pathway in HOSCC are summarised in 

Fig. 7.1.  
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Figure 7. 1: Proposed mechanism for the activation and regulation of the PI3K/PKB 
pathway in HOSCC. Figure generated using the Pathway Builder Tool. 2.0. 

 

 

 

7.8 The PI3K/PKB pathway in HOSCC - novel insights into potential targets 

for therapy. 

 

This widespread influence and regulation of the PI3K/PKB pathway in HOSCC (see Fig. 7.1) 

presents a tremendous challenge for therapy. When faced with a non-hereditary cancer such as 

HOSCC, where the molecular mechanisms involved in the transformation process are multi-

faceted
1179

, therapeutic targeting becomes more challenging. Currently, surgery and radiation 

therapy are the only treatments available for patients with oesophageal cancer
1180

. However, 

these treatments have proven to be mildly successful
1181

. It is well established that the EGFR 

overexpression and mtp53 status of HOSCC are important components of the transformation 

process, and are currently the most popular markers to consider when focusing on resistance to 

therapy
1182

. However, certain reports have demonstrated that mtp53 confers sensitivity to various 
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therapeutics targeted against HOSCC
1183, 1184

, whilst others could not find a significant 

correlation between the p53 status and the therapeutic response
291, 1185

. Therefore, the acquisition 

of such resistance remains cryptic and a need for a better understanding is imperative.  

 

The PI3K/PKB pathway is one of the major causes for acquired resistance to therapy in many 

cancer types
382, 1186, 1187, 1188

. For a long period of time, the LY294002 (LY29) pharmacological 

inhibitor for PI3K has been extensively used in preclinical studies, and although is not suitable 

for patient use, its specificity towards PI3K has been exploited for both the design of better PI3K 

inhibitors and investigating the intracellular functions of PI3K
1189

. Of relevance, the use of LY29 

has been shown in oesophageal adenocarcinoma cell lines, and proven to be effective in stopping 

cell growth
1190

. Importantly, it was demonstrated here that the WHCO5 and SNO HOSCC cell 

lines conferred resistance to PI3K inhibition through LY29 (see Fig. 2.12 and Fig. 2.13). 

Furthermore, based on the p53 status in the WHCO5 (wtp53) and SNO (mtp53) cell lines, 

strongly points away from a potential role for p53 in the resistance observed. The sensitivity to 

LY29 illustrated in the WHCO1, WHCO3, and WHCO6 cell lines shown here, has been linked 

to the presence of PI3KCA mutations and high pPKB levels in the Japanese oesophageal cell 

lines
526, 1191

. In contrast, none of the WHCO and SNO HOSCC series possessed PIK3CA 

mutations (Chapter 3, Section 3.3.6). Remarkably, the high pPKB levels in WHCO6 cell line 

demonstrated the greatest sensitivity to LY29-mediated PI3K inhibition; whereas high resistance 

was obtained in the SNO cell line possessing lower levels of pPKB (see Fig. 2.13). Moreover, in 

vitro and in vivo inhibition of PI3K in ovarian and non-small lung cancer cell models selectively 

induced apoptosis in cells with higher activation levels of PKB (pPKB), and was found less 

efficient at doing this in cells that possessed lower concentrations of pPKB
1192, 1193

. Prominently, 

the data presented in this study imply that assessing the pPKB status of HOSCC may serve as a 

useful marker for efficacy of future treatment. Significantly, these data also suggest that targeting 

the PI3K/PKB pathway exclusively may not sufficiently reverse the transformation state of 

HOSCC, based on the tightly linked relationship existing between the Wnt signalling pathway. It 

has been demonstrated that the efficacy of targeting PI3K in epithelial cancers is largely 

dependent on the presence of PIK3CA, PTEN and/or HER2 mutations
1194

. Therefore, whereas 

pPKB may serve as a useful marker for the efficacy of future drugs targeting HOSCC, direct 

blockage of the PI3K/PKB pathway may not prove effective. 

 

Based on the common EGFR overexpression status in HOSCC, current therapy has focused on 

targeting the EGFR instead
1195, 1196

, but its efficacy is still being explored. Significantly, the fact 

that the PI3K/PKB pathway in HOSCC cells was more responsive to H2O2 (see Fig. 4.10) and 
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not EGFR activation (see Fig. 3.8), has the potential to explain possible reasons why certain 

therapies, such as those targeting the EGFR, are ineffective. In support of this, a comparison 

between pPKB levels before and after chemotherapy in a study of 195 oesophageal patients, 

demonstrated elevated levels of pPKB during chemotherapy
1197

. Therefore, these low 

concentrations of pPKB in the WHCO and SNO HOSCC series may aid in the highly drug 

resistance commonly observed in this disease
1198, 1199

. Considering that H2O2 is a common 

derivative of many therapeutic drugs
1200, 1201, 1202, 1203

, proposes that such drugs would be less 

effective in HOSCC, as most clearly shown here. Taken together, it will prove relevant to take 

these findings into account when developing new treatment towards HOSCC. 

 

7.9 Conclusion 

 

It is worth noting that knowledge illuminating our understanding and perspective of the 

molecular and cellular remodelling induced by various oncogenes and tumour suppressor 

proteins (TSPs) are of critical relevance to our continued search for better cancer therapeutics. 

Over the past decade there have been a number of genes ascribed to the initiation and 

maintenance of transformation in oesophageal cancer
1204

, yet its metastatic potential and 

resistance to therapy remains rife. In the case of the South African (SA) moderately 

differentiated WHCO and SNO HOSCC series, a ―model system‖ has been described for the 

functional contributions of the major PI3K/PKB pro-survival signalling pathway to the 

maintenance of their transformed state (see Fig. 7.1). These previously unexplored features of 

HOSCC may be assessed as candidate response predictors and/or indictors of future therapeutics. 

 

A key prediction from this study is that, like certain breast cancer cells
1205

, HOSCC may not 

fully rely on the PI3K/PKB pathway for its survival. To my knowledge, this is also the first 

report demonstrating a pro-survival role for H2O2 in HOSCC. Based on the wtPIK3CA and 

wtPKB1 status in HOSCC established here, it would appear that this type of cancer does not fall 

under the ―oncogene addiction‖ form of carcinogenesis observed in other epithelial-derived 

tumours. It was also clear that the acquisition of low PTEN levels is an important step in the 

maintenance of the transformed state in HOSCC. Although the major contributing factors for 

attenuating PTEN expression and activity are unknown, the concerted functions of p85α, CK2 

and HAUSP/ NEDD4-1 were convincingly proposed. A role for CK2 in the initiation and 

maintenance of HOSCC is very appealing, especially since this non-oncogene addiction state is 

atypical of CK2-driven cancers
1206

. 
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Based on the fact that the contribution made by PP2A in tumour progression is cell-type specific, 

this study has clearly highlighted that its multi-faceted functions has been selectively attenuated 

towards PI3K/PKB signalling in HOSCC. Of interest, would be the future elucidation of the 

factors determining such suppression, and as such, may present a major tool used for the 

regulation of the PI3K/PKB pathway in HOSCC. It seems clear that the mechanisms used in 

HOSCC to maintain low pPKB levels is subject to degradation by the 26S proteasome. Bzb may 

serve as a good therapy for HOSCC. As it is a known inducer of the ERK pathway, further 

investigation of the involvement of the ERK pathway in HOSCC will contribute to the 

understanding of the complex contributors to the transformation of this disease, and in so doing, 

better therapeutic targeting.  
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Appendices 
 

Appendix A 
 

1.1 Tissue Culture Medium 

 

1.1.1 DMEM Medium Solution 

 

1.37 %  Dulbecco‘s Modified Eagle‘s Medium (DMEM) 

0.37 %  Sodium bicarbonate 

2 %  Penicillin/Streptomycin solution (Penicillin: 500 U/ml;  

Streptomycin: 0.5 %) 

Make up to final volume with dH2O. 

 

1.1.2 Hams F12 Medium Solution 

 

1.07 %  Hams F12 medium 

0.118 %  Sodium bicarbonate 

2 %  Penicillin/Streptomycin solution 

Make up to final volume with dH2O. 

 

Mix: 

3 Volumes DMEM medium solutions: 1 volume Hams F12 medium solution 

Filter sterilize 

Store at 4 C. 

 

1.1.3 1X Phosphate-buffered saline (PBS) 

 

136.9 mM NaCl 

2.86 mM KCL 

10.1 mM Na2HPO4
.
12H2O 

1.76 mM KH2PO4 

Make up to 1 L with dH2O, and adjust the pH to 7.2-7.3. 

Sterilize the solution for 20 minutes at 1511bq and store at 4 C. 

 

1.1.4 Trypsin: EDTA Solution 

 

0.02 %  EDTA in 500 ml PBS 

0.1 %  Trypsin in 1 L PBS 

 

Mix EDTA:Trypsin (1:1) to obtain a final concentration: 

 

0.01 %  EDTA 

0.05 %  Trypsin 

Store at 4 C. 
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1.2 Reverse Transcription 

 

1.2.1 MMLV-RT Buffer (5X) 

 

50 mM  Tris-HCL, pH 8.3 

75 mM  Potassium Chloride 

3 mM  Magnesium Chloride 

10 mM  DTT (dithiolthreitol) 

 

1.2.2 Nucleotide Mix (dNTPs) 

 

Each 10 mM dNTP (dATP, dCTP, dGTP, and dTTP) are supplied as sodium salts diluted in 

dH2O at a pH of 8.3. 

 

1.2.3 MMLV-RT 

 

This enzyme is supplied in: 

20 mM  Tris-HCL, pH7.7 

200 mM  Sodium Chloride (NaCl) 

0.1 mM  EDTA 

1 mM  DTT 

0.01 %  Nonidet-P40 (NP-40) 

50 %  Glycerol 

 

 1.2.4 3 M Sodium Acetate pH 5.2 

 

3M Sodium Acetate (anhydrous) 

Dissolve in dH2O. 

Adjust the pH to 5.2 using glacial acetic acid. 

 

Make up to final volume with dH2O. 

 

1.3 PCR 

 

1.3.1 p85 Sequence and Primer Information 

 

The sequence amplifying the region on the gene (PIK3R1) transcribing for the N-terminal 

domain of the regulatory subunit of PI3K, p85: 

 
 

 

iSH2
Prd Prd

BCR1 6453bp

789 1195
TARGET FRAGMENTp85-F P85-R

pTyr site

 

 



227 

 

 
TTCTTCAAGCTCTCTCAAACCTCCAGCAAAAATCTGTTGAATGCAAGAGTACTCTCTGAA 

     >>>>>>>>>>>>>>>>>>>>>>>                              

 

ATTTTCAGCCCTATGCTTTTCAGATTCTCAGCAGCCAGCTCTGATAATACTGAAAACCTC 

                                                                   

 

ATAAAAGTTATAGAAATTTTAATCTCAACTGAATGGAATGAACGACAGCCTGCACCAGCA 

                                                                   

 

CTGCCTCCTAAACCACCAAAACCTACTACTGTAGCCAACAACGGTATGAATAACAATATG 

                                                                   

 

TCCTTACAAGATGCTGAATGGTACTGGGGAGATATCTCGAGGGAAGAAGTGAATGAAAAA 

                                                                   

 

CTTCGAGATACAGCAGACGGGACCTTTTTGGTACGAGATGCGTCTACTAAAATGCATGGT 

                                                                   

 

GATTATACTCTTACACTAAGGAAAGGGGGAAATAACAAATTAATCAAAATATTTCATCGA 

                                                <<<<<< 

 

GATGGGAAATATGGCTTCTCTGACCCATTAACCTTCAGTTCTGTGGTTGAATTAATAAAC 

<<<<<<<<<<<<<<<<<<                            

 

Figure A1: Schematic diagram of the PIK3R1/p85α gene transcript highlighting the region 
intended to amplify during the PCR reaction that is highlighted by the green 
(forward primers) and purple (reverse primers) within the sequence. 

 

The primer parameters:  

 

     Primer Length            GC%    Melting Temperature  

Forward Primer:  23 bp   47.83  64.18 

Reverse Primer:  24 bp   45.83  64.90 

PCR Product length: 430 bp 

 

 

The hairpin formation and homo-dimer or primer self-dimer was calculated utilizing 

the OligoAnalyzer (http://www.idtdna.com/analyzer/Applications/OligoAnalyzer): 

 

                        Hairpin Formation  Homo-Dimer Formation 

Forward Primer:  ΔG=2.44 kcal/mole   ΔG=-4.74 kcal/mole with 3bp 
       Melting temperature of 26.1°C 
 

Reverse Primer:   ΔG=2.13 kcal/mole   ΔG=-6.76 kcal/mole with 4bp 

       Melting temperature of 31.5°C 
 

1.3.2 PCR Reaction Buffer (10X) 

 

20 mM  Tris-HCL, pH 7.5 

100 mM  Potassium Chloride (KCl) 

1 mM  DTT 

0.1 mM  EDTA 

0.5%  Tween-20 

0.5%  NP40 

15M  Magnesium Chloride (MgCl) 

 

http://www.idtdna.com/analyzer/Applications/OligoAnalyzer
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1.4 Agarose Gel Electrophoresis 

 

1.4.1 1% Agarose Gel 

 

0.3 g  Agarose 

30 ml  TAE Buffer 

Heat to dissolve agarose, allow cooling, and then add: 

2 l   10 ng/ml Ethidium bromide (EtBr) diluted in dH2O 

 

Pour mixture into gel casting tanks (Sigma-Aldrich MiniZ33 Horizontal Gel Caster), then add 

10-well comb, and leave at RT for 15-20 minutes to set. 

 

1.4.2 1X Tris Acetic Acid EDTA (TAE) Buffer 

 

20 ml  20X TAE buffer 

380 ml  dH2O 

 

TAE Buffer (20X) 

 

1.6 M  Tris 

0.8 M  Sodium acetate (NaAc
.
3H2O) 

40 M  EDTA
.
Na2H2O 

Adjust the pH to 7.2 using glacial acetic acid. 

Make up to a final volume with dH2O, thereafter, autoclave at 120 C to sterilize. 

 

1.4.3 Loading Buffer 

 

50 %  2XTAE (10 % of 20XTAE; make up to final volume with dH2O) 

50 %  Glycerol 

0.001 %  Coomassie brilliant blue powder 

Store at -20 C 

 

 

1.5 Sample Preparation 

 

1.5.1 Lysis Buffer 

 

Double Lysis Buffer 

4 %   SDS 

20 %  Glycerol 

10 %  -mercaptoethanol 

Make up solution to a final volume with 0.0625 M Tris-HCL buffer, pH 6.8 (use 1 N HCL to 

adjust the pH). 

 

Single Lysis Buffer 

Dilute double lysis buffer at a ratio of 1:1 using 0.0625 M Tris-HCL buffer, pH 6.8 
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1.5.2 Nuclear Extraction Buffer 

 

10 mM  Tris-HCL (pH 7.4) 

2 mM  MgCl2 

0.5 mM  PMSF (Merck, SA) 

10 μg/ml  Aprotinin  

10 μg/ml  Leupeptin 

5 mM  Sodium pyrophosphate 

2 mM   -glycerophosphate 

Make up to final volume with dH2O. 

 

1.5.2.1 Nuclear Wash Buffer 

 

10 mM   Tris-HCL (pH 7.4)  

Supplemented with 5 mM MgCl2 and made up to final volume with dH2O. 

 

1.5.2.2 Sucrose Solution 

 

10 mM  Tris-HCL (pH 7.4) 

0.25 M  Sucrose 

5 mM   MgCl2 

Make up to final volume with dH2O. 

 

1.5.2.3 Nuclear Lysis Buffer 

 

62.5 mM  Tris-HCL (pH 6.8) 

2%   SDS 

10%   Glycerol 

5%   2-mecaptoethanol 

Make up to final volume with dH2O. 

 

Then add Protease Inhibitors: 

5 μl/ml  PMSF (20 mM) 

10 μl/ml  Trazylol 

1 μl/ml  Pepstatin  

0.5 μl/ml  Leupeptin 

 

1.5.3 Plasma Membrane Extraction 

 

1.5.3.1 PBS/PMSF/Trazylol Solution 

 

0.5%   PMSF stock solution (20 mM in Methanol) 

1%   Trazylol 

Make up to a final volume using PBS 
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1.5.3.2 Membrane Hypotonic Buffer 

 

20 mM   Tris-HCL (pH7.4) 

25 mM   NaF 

1 mM   EDTA 

Make up to final volume with dH2O. 

Then add Protease Inhibitors: 

5 μl/ml   PMSF (20 mM) 

10 μl/ml   Trazylol 

1 μl/ml   Pepstatin 

0.5 μl/ml  Leupeptin 

 

1.6 Protein Estimation 

 

1.6.1 Bovine Serum Albumin (BSA) Solution 

 

0.1 %  BSA (BDH Laboratory reagents) 

Make up to final volume with single lysis or nuclear lysis buffer. 

 

1.6.2 7.5% Trichloracetic Acid (TCA) 

 

7.5 %  TCA 

Make up to final volume with dH2O. 

 

1.6.3 Coomassie Brillian Blue Stain 

 

0.25 %  Coomassie blue powder 

50 %  Methanol 

10 %  Acetic Acid 

Make up to final volume with dH2O. 

Store at room temperature 

 

1.6.4 Destain 

 

12 %  Ethanol 

10 %  Acetic Acid 

Make up to final volume with dH2O. 

 

1.6.5 Elution Solution 

 

67.35 %  Methanol 

31.63 %  dH2O 

1.02 %  Ammonia 

Make up to final volume with dH2O. 
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1.6.6 Example of Standard curve for protein estimation 

 

 
 

Figure A2: The various absorbance readings (595 nm) of 1, 3, 6, 9, 12, 16, and 20 μg BSA 

used to construct a standard curve for the protein estimation of various protein 

extracts. The respective protein concentrations were determined from the standard 

curve (y = 0.0234x).  The standard curve is representative of three independent 

experiments that was performed for each extraction procedure: mean ± S.D. 

R
2
=linear regression. 

 

 

1.7 Electrophoresis 

 

1.7.1 Separating Gel (10%) 

 

Seperating Buffer 

 

4.53 g   Tris dissolved in dH2O. 

Adjust pH to 8.8 using 1 N HCL. 

Make up to 25 ml with dH2O. 

 

Seperating Gel 

0.5 g   Acrylamide 

1250 l   Seperating Buffer 

200 l   SDS (50 mg/ml) 

200 l   Bisacrylamide (25 mg/ml) 

Make up to 5 ml with dH2O. 

Add 90 l of 1.25 % ammonium persulphate (APS) and 12.5 l of N‘, N‘, N‘, N‘-

tetramethylene-diamine (TEMED) for gel polymerization. 

 

 

 

 

 

 

y = 0.0234x 
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0

0.1

0.2

0.3

0.4

0.5

0.6

0 5 10 15 20 25

A
b

so
rb

an
ce

 (5
95

n
m

) 

BSA [μg/μl] 



232 

 

1.7.2 Stacking Gel  

 

Stacking Buffer 

1.51 g   Tris dissolved in dH2O. 

Adjust the pH to 6.8 using 1 N HCL 

Make up to 25 ml using dH2O. 

 

Stacking Gel 

0.25 g   Acrylamide 

1250 l   Stacking Buffer 

200 l   SDS 

200 l   Bisacrylamide 

Make up to 5 ml with dH2O. 

Add 90 l APS and 10 l TEMED for gel polymerization. 

 

 

1.7.3 Electrophoresis Running Buffer 

 

0.8 g  SDS 

11.56 g  Glycine 

2.42 g   Tris 

Dissolve in 600 ml dH2O. 

Adjust the pH to 8.3 using 1 N HCL 

Make up to final volume of 800 ml using dH2O. 

 

 

1.7.4 Destain for SDS-PAGE 

 

10 %  Acetic Acid 

10 %  Methanol 

Make up to final volume with dH2O. 
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1.7.5 Representation of 10% SDS-PAGE resolution for protein estimation 
 

 
 
 

Figure A3: 20 g of protein lysates from the specific extractions performed were analysed 
from a separation on a 10 % SDS-PAGE, indicating a successful protein 
extraction, evidenced by a similar binding pattern of the Coomassie Blue stain 
in the form of bands.  

 

 

1.8 Western Blotting 

 

1.8.1 Western Blot Transfer Buffer 

 

0.5 M  Glycine 

25 mM  Tris 

20 %  Methanol 

Make up to final volume with dH2O. 

 

1.8.2 Blocking Buffer (BLOTTO) 

 

50 mM  Tris-HCL, pH 7.8 

2 mM  CaCl2
.
H2O 

5 %  Non-fat milk powder 

0.01 %  Anti-foam 

0.05 %   Triton-X 100 

Make up to final volume using dH2O. 

Store at 4 C. 

 

1.8.3 Developer 

  

6.4 M   Metol  

0.6 M   Sodium sulphite  

80 mM   Quinol  

0.45 M   Sodium carbonate  

34 mM   Potassium bromide  

Make up to final volume using dH2O 

 

Marker     WHCO1   WHCO3  WHCO5    WHCO6      SNO        MCF7      HT29 

170 kDa 

130 kDa 

  95 kDa 

  72 kDa 

  55 kDa 

  43 kDa 

  34 kDa 

  26 kDa 

  17 kDa 
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1.8.4 Fixer  

 

0.8 M   Sodium thiosulphate  

0.2 M   Sodium metabisulphite 

Make up to final volume using dH2O 

 

 

1.8.5 10X Tris Buffered Saline (TBS)  

 

24.2 g  Tris base 

80 g  NaCl 

Dissolve in dH2O 

Adjust the pH to 7.6 using 1 N HCL 

Make up to final volume of 1 L using dH2O. 

Store at 4 C. 

 

1X TBS 

 

10 %  10X TBS 

90 %  dH2O 

 

1.8.6 Blocking Buffer 

 

5 %  Non-fat milk powder 

Make up to final volume using 1X TBS, 0,1 % Tween-20 (TBS/T) 

 

1.8.7 Primary Antibody Dilution Buffer  

 

2.5 %  BSA 

Make up to final volume using TBS/T 

 

 

1.9 Indirect Immunoflourescence 

 

1..1 4% Paraformaldehyde Solution 

 

0.2 M  Sodium dihydrogen orthophosphate (NaH2PO4)/ Solution A 

0.6 M  Sodium hydroxide (NaOH)/ SolutionB 

 

Mix 166 ml Solution A with 34 ml Solution B  

Add 8 g paraformaldehyde  

Heat to 80 C while stirring, until solution becomes clear 

Filter and allow cooling, adjust pH to 7.2-7.4 

Store at -20 C 

 

1.9.2 0.25 % Triton-X-100 

 

0.25 %  Triton-X-100 

Made up to final volume with 1x PBS 
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1.9.3 Mounting Solution (Elvanol) 

 

0.1 M  Tris 

20 %  Polyvinyl Alcohol 

50 %  Glycerol 

Make up to final volume with dH2O. 

 

1.10 LY294002 Stock 

 

1 mg  LY294002 (Sigma) 

Make up to 500 μl with DMSO (Sigma) 

Store at -20 C 

 

 

1.11 Optimization of LY294002 exposure in HOSCC cells. 

 

In view of the fact that a fair number of studies using LY294002 (LY29), either do not 

stipulate the tissue culture conditions used
341,1208,1209

, or when mentioned, is frequently 

performed under low serum (0.1 % or 0.5 %) or normal serum (10 % FCS) conditions
1210-1214

. 

Furthermore, for the purpose of this study, that is; to manipulate the activity of PI3K, but not 

to induce apoptosis, most studies use LY29 concentrations > 5 μM
423

. Furthermore, 

concentrations > 20 μM, LY29 potentially loses its selectivity for PI3K
427

.  Therefore, to 

avoid compromising the potency of PI3K inhibition by LY29, we, like others, initially tested 

a concentration of 10 μM for 60 mins
1215-1217

  in four cell lines (WHCO1, WHCO3, WHCO5 

and WHCO6) under serum (10% FCS) and low serum (0.1% FCS) conditions. Since the 

Ser473 phosphorylation of PKB is highly dependent on PI3K activity
177

, we used pPKB 

levels as an indicator of LY29 efficacy. Under low serum conditions, pPKB (Ser473) was 

only detectable in WHCO6 without exposure to 10 μM LY29, which was otherwise 

undetectable in the WHCO1, WHCO3 and WHCO5 (shown in Fig. A4).  Therefore, based on 

these results exposing the cells to LY29 under serum conditions (10% FCS) was used, even 

though no pPKB was detected in the WHCO3 HOSCC cell line. 

 

Consequently, we sought to ascertain whether a 1 hr exposure to LY29 was sufficient enough 

to inhibit PI3K. Since induction of cell death is a 24 hr process in the HOSCC cells
429

, the 

cells were not exposed to LY29 for longer than 24 hrs. The 5 HOSCC cell lines, including the 

MCF7 and HT29 control cell lines were exposed to 10 μM of LY29 for 18 and 24 hrs and 

western immunoblotted for pPKB detection as a marker for the presence of inhibited PI3K. 

Excluding the HT29 cell line, no PI3K inhibition was evident in the remaining cell lines 

following exposure to LY29 for 18 and 24 hrs (see Fig. A4). This is in line with work 

performed by Levinthal and DeFranco
1218

 who demonstrated that the inhibitory action of 

LY29 is lost after 6 hrs. Therefore, the 5 HOSCC, MCF7 and HT29 cell lines were exposed to 

10 μM LY29 for 60 mins supplemented with 10% FCS, the efficacy of LY29 at this 

concentration, was shown to inhibit PI3K activity
,1219-1222

. Our findings demonstrate that 

WHCO1, like the MCF7 and HT29 controls
 483, 1223

, is more sensitive to PI3K inhibition by 

LY29 at 10 μM, using the noticeable reduction in pPKB as an indicator of this sensitivity (see 

Fig. A4).  Therefore, because PI3K inhibition was not evident in the remaining HOSCC cell 

lines, we increased the concentration to 20 μM, as this has been demonstrated to be the 

highest concentration of LY29 at which PI3K specificity is still maintained
424

. 
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Figure A4: Optimum exposure to LY294002 in HOSCC cells. A) Western blot detection of p-Ser473 in the WHCO1, WHCO3, WHCO5 and WHCO6 

HOSCC cell lines treated for 60 mins with 10 μM LY29 (+) supplemented with 10 % FCS and 0.1 % FCS.  Controls (-) were untreated but 
contained the inhibitor vehicle control, DMSO. FCS: Fetal Calf Serum. B) 5 HOSCC cells along with the control MCF7 and HT29 cell lines 
were exposed to for a period of 18 and 24 hrs with (+) and without (-) 10 μM of the PI3K inhibitor, LY29. Thereafter the expression levels 
of active PI3K (pPKB) was measured through western blotting. As can be seen, long-term exposure to LY29 appears to have no major 
impact on the active state of PI3K. C=WHCO6 whole cell untreated protein lysate. C) Western blot detection of PI3K (p85α) and pPKB 
prior (-) and subsequent to a 60 min (+) exposure to 10 μM LY29. All untreated (-) were exposed to the LY29 vehicle control, DMSO. 
Equal loading of treated versus untreated proteins was detected with β-Actin. 
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1.12 Sequencing results for the PCR amplified N-terminal SH2 domain of the p85α gene 

transcript.  

A) 

 

B)  

   

 

Figure A5: No mutations detected in the nSH2 domain of p85α based on its sequence output 
and alignment. A) Representative quality graph of the sequencing results. B) 
Representative chromatogram traces. Note: Sequencing was performed in both the 
forward and reverse direction at Inqaba Biotech SA under the same parameters used 
during the PCR reactions. The resultant PCR products were evaluated by sequence 
analysis (Inqaba Biotech) that aligned 97% to the original nucleotide Genbank PIK3R1 
cDNA sequence (Accession number: NM_181523) using the BLAST alignment tool, 
confirming that the band at 430 bp is the nSH2 domain of p85α. No mutations were 
found in any of the 5 HOSCC cell lines examined.  Putative base changes (denoted as 
Y, K, S, and R in the sequence, highlighted in yellow circles) are negligible. The wild-
type (wt) p85α status is confirmed by the wtp85α status in the MCF7 control1224. 

 
 

 

 

MCF7 

HT29 

SNO 

WHCO6 

WHCO5 

WHCO3 

WHCO1 
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Table A1: Optical density values (mean) of the bands representing whole cell protein 

expression of PI3K (p85).   
 Whole Cell Nuclear Plasma Membrane 

Cell Line Mean Mean Mean Std Dev Mean Std Dev 

WHCO1 23.348 23.348 16.499 0.453 38.812 5.901 

WHCO3 24.328 24.328 85.627 1.149 22.038 6.399 

WHCO5 22.504 22.504 23.237 0.709 59.887 14.301 

WHCO6 53.252 53.252 14.736 0.931 78.502 6.999 

SNO 82.417 82.417 30.481 2.115 79.41 9.18 

MCF7 14.711 14.711 0.047 0.0815 91.471 8.313 

HT29 34.078 34.078 13.526 2.168 21.917 6.192 

 

Table A2: Optical density values (mean) of the bands representing total cellular levels of 

pPKB and pGSK3β. 
 pPKB pGSK3β 

Cell Line Mean Std Dev Mean Std Dev 

WHCO1 1.329 1.186 0 0 

WHCO3 1 0 5.837 0.497 

WHCO5 5.557 0.848 11.134 2.731 

WHCO6 26.284 10.053 68.302 1.468 

SNO 4.878 0.147 71.444 1.663 

HT29 9.305 1.732 0 0 

MCF7 7.651 3.973 98.029 1.875 

 

Table A3: Student’s t test results for pPKB expression following 1 hr exposure to 20 μM of 

LY29.  
  LY29:       

  0   1Hr       

Cell Line Mean Std Dev Mean Std Dev t P 

WHCO1 67.667 9.38 11.126 14.952 4.358 0.049 

WHCO3 0 0 0 0 0 0 

WHCO5 94.168 1.021 59.837 0.167 66.873 <0.001 

WHCO6 44.759 0.289 11.356 1.53 32.255 <0.001 

SNO 63.159 0.527 29.464 6.145 8.887 0.012 

HT29 36.439 4.524 1.421 0.496 12.23 0.007 

MCF7 99.446 0.518 29.454 0.172 175.661 <0.001 

        * Indicates levels of significance. 

 

Table A4: Student’s t test results for pGSK3β expression following 1 hr exposure to 20 μM 

of LY29. 
  LY29:       

  0   1Hr       

Cell Line Mean Std Dev Mean Std Dev t P 

WHCO1 30.256 0.621 0.837 0.356 54.744 0.001 

WHCO3 63.267 12.258 37.922 8.942 7.722 0.016 

WHCO5 39.642 17.222 31.72 0.127 0.802 0.507 

WHCO6 46.35 0.855 33.977 0.136 24.743 <0.001 

SNO 39.436 5.377 29.038 3.226 5.733 0.029 

HT29 7.79 0.0323 2.143 0.464 21.024 <0.001 

MCF7 99.446 0.518 29.454 0.172 175.661 <0.001 

        * Indicates levels of significance. 
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Table A5: Student’s t test results for PTEN expression following 1 hr exposure to 20 μM of 

LY29.  
  LY29:       

  0   1Hr       

Cell Line Mean Std Dev Mean Std Dev t P 

WHCO1 95.117 4.281 38.103 14.759 5.776 0.029 

WHCO3 50.466 9.558 20.501 3.2 6.614 0.022 

WHCO5 39.272 4.365 61.093 7.28 -11.55 0.007 

WHCO6 71.849 0.627 95.108 4.402 -8.365 0.014 

SNO 37.32 1.581 26.441 1.108 8.16 0.015 

HT29 27.99 0.478 23.44 0.564 7.563 0.017 

MCF7 90.7 1.826 58.837 5.82 7.252 0.018 
        * Indicates levels of significance. 

 

Table A6: Pearson’s Correlation Coefficient results for values negatively correlating 

between pPKB and PTEN expression following 1 hr exposure to 20 μM of LY29.  
 

 
 

 

 

 
 

 

 
 

 

 

 

Appendix B 

 

2.1 Co-immunoprecipitation Analysis 

 

2.1.1 Membrane Extraction Buffer 

 

0.5%  Triton-X-100 

50 mM  Tris 

150 mM  NaCl 

1 mM  CaCl2 

1 mM  MgCl2 

 0.01%  Aprotinin   

Make up to final volume with dH2O. 

Store at 4 °C 

 

2.1.2 Immunoprecipitation (IP) Buffer 

 

20 mM   Tris (pH 8.0)   

0.5%   NP-40   

1.9%   NaCl   

Make up to 500 ml with dH2O. 

Store at 4 °C 

 
Control 20 μM LY29 

 
r P r P 

WHCO1 -0.453 0.7 -0.682 0.522 

WHCO3 0 0 1 0 

WHCO5 -0.699 0.507 -0.416 0.965 

WHCO6 -0.981 0.125 -0.97 0.156 

SNO 0.587 0.601 0.87 0.329 

HT29 -0.971 0.154 -0.67 0.533 

MCF7 0.285 0.816 -0.00362 0.998 
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Table B1: One Way RM Anova1 Test results for PI3K (p85α) following EGFR activation. 
 

EGF Expsoure 
(hours) WHCO1 WHCO3 WHCO5 WHCO6 SNO HT29 MCF7 

0.5 hrs 0.299 0.133 0.519 0.004 <0.001 0.004 <0.001 

1 hr 0.002 0.108 0.967 0.071 <0.001 0.812 0.009 

3 hrs 0.155 0.961 0.108 0.222 0.009 0.098 0.009 

6 hrs 0.465 0.715 0.05 0.381 <0.001 0.541 0.329 

9 hrs 0.092 0.356 0.021 <0.001 <0.001 0.773 0.09 

12 hrs 0.002 0.147 <0.001 0.064 <0.001 0.285 0.898 

 * Indicates levels of significance. 

 

Table B2: Student’s t-test for the nuclear and membrane expression of PI3K (p85α) 

protein following EGFR. 

 

 

 

 

 

 

 

 

 
 

 

 

 

*t with 2 degrees freedom. * Indicates levels of significance. 

 

Table B3: P-values obtained from student’s t-test for the expression of pPKB following 

EGFR activation. 
      

*Indicates levels of significance. 

 

 

 

 

 

 

 

 

 

 

 

  Nuclear Membrane 

Cell line t P t P 

WHCO1 8.271 0.014 -14.595 0.005 

WHCO3 26.798 0.001 11.448 0.008 

WHCO5 -5.119 0.036 -5.215 0.035 

WHCO6 2.116 0.169 -3.857 0.061 

SNO 31.597 0.001 -5.151 0.036 

HT29 -5.942 0.027 -11.653 0.007 

MCF7 6.095 0.026 3.886 0.06 

EGF Expsoure  WHCO1 WHCO3 WHCO5 WHCO6 SNO HT29 MCF7 

0 vs 0.5 hrs 0.719 <0.001 0.002 0.001 0.431 <0.001 <0.001 

0 vs 1 hr 0.859 <0.001 0.01 0.557 0.024 <0.001 0.783 

0 vs 3 hrs 0.001 <0.001 0.002 0.005 0.229 <0.001 0.052 

0 vs 6 hrs <0.001 <0.001 <0.001 0.819 <0.001 0.003 0.164 

0 vs 9 hrs 0.059 <0.001 0.002 0.895 0.002 <0.001 0.003 

0 vs 12 hrs 0.055 <0.001 0.001 0.261 <0.001 0.018 0.006 
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2.2 PIK3CA Primer and Sequence Information 

 

2.2.1 Sequence amplifying the p85-binding domain (exon 1) and Helical Domain (exon 9) 

of the PIK3CA gene: 

 

A) 

P85 RBD C2 Helical Catalytic

Target FragmentTarget Fragment

EXON1 EXON9

R38H,
E53K

E454K,
E542K

 

B) 

    34861 acatactttagatttatgatttttatttagaaagctatttaaGATTACGAAGGTATTGGT 

               >>>>>>>>>>>>>>>>>>> 

    34921 TTAGACAGaaatattttagaaagggacaacagttaagctttatggttatttgcattttag 

      >>>>>>>> 

    34981 aataggatattgtatcataccaatttctcgattgaggatcttttcttcacggttgcctac 

    35041 tggttcaattacttttaaaaagggttgaaaaagccgaaggtcacaaagtcgtcttgtttc 

    35101 atcaaaaaattcttccctttctgcttcttgagtaacacttacgaaaatgtaagaagattc 

    35161 atcttgaagaagttgatggagggggtattttcttgcttctttaaatagttcatgctttat 

    35221 ggttattaatgtagcctcacggaggcattctaaagtcactatcattccatttggtagtaa 

    35281 acattctactaggattcttgggggcatcaagtggatgccccacagttcaCCTGATGATGG 

               <<<<<<<<<<< 

    35341 TCGTGGAGgcat 

      <<<<<<<< 

C)  
    15661 tatgattttCCACAAATATCAATTTACAACCATTGtttttaaaaaggcaatgtttatagt 

       >>>>>>>>>>>>>>>>>>>>>>>>> 

    15721 ttaaaaatcatgtaaattctgctttatttattccaataggtatggtaaaaacatgctgag 

    15781 atcagccaaattcagttattttttctgtaataaagaaaaagaaacagagaatctccattt 

    15841 tagcacttacctgtgactccatagaaaatctttctcctgctcagtgatttcagagagagg 

    15901 atctcgtgtagaaattgctttgagctgttctttgtcattttcccttaattcattgtctct 

    15961 agctagtctgttactctgtaaaataaaataatatcttatatagctttctttgtcatattt 

    16021 ttcccctctggattcacagatgatttacagaaaaagcaaatacattttcaataaatttta 

    16081 cattgctaattaactgttgtaaaataatttattttcattgcaagactttattttCAGAGA 

                                                                 <<<<<< 

    16141 CAGGAAAGAACCAATC 

<<<<<<<<<<<<<<<< 

Figure B1:A) Schematic diagram of the PIK3CA gene transcript highlighting the p85α-binding 
(exon 1) and helical domain (exon 9) intended to amplify during the PCR reaction. 
B) Highlighting region to be amplified on exon 1 using published primers476, 
highlighted in yellow (reverse primers) and green (forward primers) within the 
sequence. C) Showing the region to be amplified on Exon 9 using published 
primers (see above), forward primers highlighted in turquoise and reverse primers 
highlighted in purple. 
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The primer parameters:  

Exon 1: 

        Primer Length             GC%     Melting Temperature (°C) 
Forward Primer:  19 bp   57.89  62.32 

Reverse Primer:  26 bp   38.46  61.44 

PCR Product length:            420 bp 
 

Exon 9: 

Forward Primer:  22 bp   45.45  60.81 

Reverse Primer:  26 bp   30.77  58.28 
PCR Product length:  450 bp 

 

The hairpin formation and homo-dimer or primer self-dimer was calculated utilizing the 
OligoAnalyzer (http://www.idtdna.com/analyzer/Applications/OligoAnalyzer): 

Exon 1: 

                        Hairpin Formation   Homo-Dimer Formation 

 
Forward Primer:   ΔG= 0.31 kcal/mole   ΔG= -3.61 kcal/mole with 2 bp 

        Melting temperature of 19.9 °C 

 
Reverse Primer:    ΔG= -0.12 kcal/mole   ΔG= -2.3 kcal/mole with 3 bp 

        Melting temperature of 26.4 °C  

Exon 9: 

Forward Primer:   ΔG= -0.15 kcal/mole   ΔG= -3.07 kcal/mole with 2 bp 

Melting temperature of 27.5 °C 

Reverse Primer:    ΔG= -0.41 kcal/mole    ΔG= -5.37 kcal/mole with 4 bp 
Melting temperature of 30 °C 

 

 

 

2.2.2 Sequence amplifying the C2 domain (exon 4) and Kinase Domain (exon 20) of the 

PIK3CA gene: 

 

A) 

 

 
 

 

 

 

 

 

 

 

 

http://www.idtdna.com/analyzer/Applications/OligoAnalyzer
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B) 
    30241 tcttgatatatttttacattCGGAGATTTGGATGTTCTCCtaaccatctgaaaacatact 

>>>>>>>>>>>>>>>>>>>> 

    30301 acaggtcaacagattactgtatagttcaagaaaaaggttatctaaaataatttctataaa 

    30361 ataataagcatcagcatttgactttaccttatcaatgtctcgaatatttacattcacgta 

    30421 ggttgcacaaagaatttttattctgagtgcactatttataacccaaagggattttgtaga 

    30481 tgtttctccattcatatatggtgtagctgtggaaatgcgtctggaataagatggcattgt 

    30541 aaaaCAGTCCATTGGCAGTTGAGAataaaggctttctttagccatcaacatcaaattggg 

                 <<<<<<<<<<<<<<<<<< 

C) 
     3901 aaccaaattttttcttcttgtgatccaaaaagtgtccaaaatctatatgaaacagctttc 

     3961 aaaaataagaaattatgttatagtttgatatatgcagatacaaaatgtcttgaataaatt 

     4021 aagaacaccaaaacattttaaacagagaaaaccattacttgtccatcgtctttcaccatg 

     4081 atgttactattgtgacgatctccaattcccaaaatgaaggtagctacacagtatccagca 

     4141 catgaacgtgtaaacaggtcaatggctgcatcatatctacaaagaataaacacctcatga 

     4201 gtagtatggaaatatagtgattcaggccaacttgagaaaagaaaacagggtgcaagtttc 

 

Figure B2: A) Schematic diagram of the PIK3CA gene transcript highlighting the C2 domain 
(exon 4) and kinase domain (exon 20) intended to amplify during the PCR 
reaction. B) Highlighting region to be amplified on exon 4 using published 
primers (see above), highlighted in yellow (reverse primers) and green (forward 
primers) within the sequence. C) Showing the region to be amplified on exon209 
using published primers forward primers highlighted in turquoise and reverse 
primers highlighted in purple.  

 
The primer parameters:  

Exon 4A: 

        Primer Length             GC%    Melting Temperature (°C) 
Forward Primer:  22 bp   40.91  58.95 

Reverse Primer:  20 bp   50  60.4 

PCR Product length:            550 bp 

 

Exon 4B: 

Forward Primer:  20 bp   50  60.4 

Reverse Primer:  20 bp   50  60.4 
PCR Product length:            350 bp 

 

Exon 20: 
Forward Primer:  21 bp   42.86  58.66 

Reverse Primer:  20 bp   50  60.4 

PCR Product length:            500 bp 

 
The hairpin formation and homo-dimer or primer self-dimer was calculated utilizing the 

OligoAnalyzer (http://www.idtdna.com/analyzer/Applications/OligoAnalyzer): 

Exon 4A: 
                        Hairpin Formation   Homo-Dimer Formation 

 

Forward Primer:   ΔG= -0.14 kcal/mole   ΔG= -6.3 kcal/mole with 4 bp 
        Melting temperature of 26.8 °C 

Reverse Primer:    ΔG= -2.09 kcal/mole   ΔG= -7.82 kcal/mole with 5 bp 

    Melting temperature of 42.1°C  

 

http://www.idtdna.com/analyzer/Applications/OligoAnalyzer
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Exon 4B: 

Forward Primer:   ΔG= 0.09 kcal/mole   ΔG= -5.02 kcal/mole with 3 bp 

Melting temperature of 23.3 °C 

Reverse Primer:    ΔG= -2.09 kcal/mole    ΔG= -7.82 kcal/mole with 5 bp 

Melting temperature of 42.1 °C 

 

Exon 20: 

 
Forward Primer:   ΔG= 0.87 kcal/mole   ΔG= -1.95 kcal/mole with 2 bp 

        Melting temperature of 6.7 °C 

Reverse Primer:    ΔG= -1.49 kcal/mole   ΔG= -7.05 kcal/mole with 4 bp 
        Melting temperature of 38.9 °C  

 

2.3 PKB1 Primer and Sequence Information 

 

A) 

 
B) PH Domain (1): 

 
  181 ggggtttctcccaggaggtttttgggcttgcgctggagGGCTCTGGACTCCCGTTTgcgc 

                           >>>>>>>>>>>>>>>>     

  241 cagtggcctgcatcctggtcctgtcttcctcatgtttgaatttctttgctttcctagtct 

 

  301 ggggagcagggaggagccctgtgccctgtcccaggatccatgggtaggaacaccatggac 

 

  361 agggagagcaaacggggccatctgtcaccaggggcttagggaaggccgagccagcctggg 

 

  421 tcaaagaagtcaaaggggctgcctggaggaggcagcctgtcagctggtgcatcagaggct 

 

  481 gtggccaggccagctgggctcggggagcgccagcctgagaggagcgcgtgagcgtcgcgg 

 

  541 gagcctcgggcaccatgagcgacgtggctattgtgaaggagggttggctgcacaaacgag 

 

  601 gggagtacatcaagacctggcggccacgctacttcctcctcaagaatgatggcaccttca 

 

  661 ttggctacaaggagcggccgcaggatgtggaccaacgtgaggctcccctcaacaacttct 

 

  721 ctgtggcgcagtgccagctgatgaagacggagcggccccggcccaacaccttcatcatcc 

 

  781 gctgcctgcagtggaccACTGTCATCGAACGCACCTtccatgtggagactcctgaggagc 

                      <<<<<<<<<<<<<<<<<<                       
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C) Thr308 (2): 

 1201 ctttccagacccacgaccgcctctgctttgtcatggagtacgccaacgggggCGAGCTGT 

                                                            >>>>>>>>> 

 1261 TCTTCCACCTGTcccgggagcgtgtgttctccgaggaccgggcccgcttctatggcgctg 

      >>>>>>>>>>>>                                                 

 1321 agattgtgtcagccctggactacctgcactcggagaagaacgtggtgtaccgggacctca 

 

 1381 agctggagaacctcatgctggacaaggacgggcacattaagatcacagacttcgggctgt 

 

 1441 gcaaggaggggatcaaggacggtgccaccatgaagaccttttgcggcacacctgagtacc 

 

 1501 tggcccccgaggtgctggaggacaatgactacggccgtgcagtggactggtgggggctgg 

 

 1561 gcgtggtcatgtacgagatgatgtgcggtcgcctgcccttctacaaccaggaccatgaga 

 

 1621 agctttttgagctcatcctcatggaggagatccgcttcccgcgcacgcttggtcccgagg 

 

 1681 ccaagtccttgcTTTCAGGGCTGCTCAAGAAGgaccccaagcagaggcttggcgggggct 

 

  D) Ser473 (3): 

  121 ttggccaaatGAATGAACCAGATTCAGACCGGcaggggcgctgtggtttaggaggggcct 

                >>>>>>>>>>>>>>>>>>>>>>>>>                             

 1261 tcttccacctgtcccgggagcgtgtgttctccgaggaccgggcccgcttctatggcgctg 

                                                                   

 1321 agattgtgtcagccctggactacctgcactcggagaagaacgtggtgtaccgggacctca 

                                                                   

 1381 agctggagaacctcatgctggacaaggacgggcacattaagatcacagacttcgggctgt 

                                                                   

 1441 gcaaggaggggatcaaggacggtgccaccatgaagaccttttgcggcacacctgagtacc 

                                                                   

 1501 tggcccccgaggtgctggaggacaatgactacggccgtgcagtggactggtgggggctgg 

                                                                   

 1561 gcgtggtcatgtacgagatgatgtgcggtcgcctgcccttctacaaccaggaccatgaga 

 

 1621 agctttttgagctcatcctcatggaggagatccgcttcccgcgcacgcttggtcccgagg                                                                   

 

 1681 ccaagtccttgctttcagggctgctcaagaaggaccccaagcagaggcttggcgggggct 

                                                                   

 1741 ccgaggacgcCAAGGAGATCATGCAGCATCGcttctttgccggtatcgtgtggcagcacg 

                <<<<<<<<<<<<<<<<<<<<<<<<                              

 

E) Linker Domain (4): 

  841 gggaggagtggacaaccgccATCCAGACTGTGGCTGACGgcctcaagaagcaggaggagg 

                          >>>>>>>>>>>>>>>>>>>>>>                      

  901 aggagatggacttccggtcgggctcacccagtgacaactcaggggctgaagagatggagg 

 

  961 tgtccctggccaagcccaagcaccgcgtgaccatgaacgagtttgagtacctgaagctgc 

 

 1021 tgggcaagggcactttcggcaaggtgatcctggtgaaggagaaggccacaggccgctact 

 

 1081 acgccatgaagatcctcaagaaggaagtcatcgtggccaaggacgaggtggcccacacac 

 

 1141 tcaccgagaaccgcgtcctgcagaactccaggcaccccttcctcacagccctgaagtact 

 

 1201 ctttccagacccacgaccgcctctgcTTTGTCATGGAGTACGCCAAcgggggcgagctgt 

                                <<<<<<<<<<<<<<<<<<<<<<<               

 1261 tcttccacctgtcccgggagcgtgtgttctccgaggaccgggcccgcttctatggcgctg 

                                                                   

See next page for legend. 
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Figure B3: A) Schematic representation of the PKBα gene highlighting the four regions to be 
amplified during the PCR reaction; the PH domain (1), the catalytic domain (2), 
the hydrophobic motif (3), and the Linker domain (4). Figures B-E show the 
specific target sequence designed for the PCR amplification of the PH domain (B), 
the catalytic domain (C), the hydrophobic motif (D), and Linker domain (E) 
respectively. Primers specific for these regions were generated using the web-
based interactive primer design program; Primer3. 

 
The primer parameters:  

 

PH Domain: 

         Primer Length            GC%    Melting Temperature (°C) 
Forward Primer:  18 bp   61.11  62.18 

Reverse Primer:  20 bp   50  60.4 

PCR Product length:            650 bp 

Linker Domain: 

Forward Primer:  19 bp   57.89  62.32 

Reverse Primer:  20 bp   45  58.35 

PCR Product length:            450 bp 

Ser473: 

Forward Primer:  22 bp   50  62.67 

Reverse Primer:  20 bp   50  60.4 
PCR Product length:            319 bp 

Thr308: 

Forward Primer:  20 bp   55  62.45 
Reverse Primer:  20 bp   50  60.4 

PCR Product length:            450 bp 

 

The hairpin formation and homo-dimer or primer self-dimer was calculated utilizing the 
OligoAnalyzer (http://www.idtdna.com/analyzer/Applications/OligoAnalyzer): 

 

PH Domain: 
                        Hairpin Formation   Homo-Dimer Formation 

 

Forward Primer:   ΔG= 0.17 kcal/mole   ΔG= -4.64 kcal/mole with 4 bp 

        Melting temperature of 22.1 °C 
 

Reverse Primer:    ΔG= 0.58 kcal/mole   ΔG= -6.76 kcal/mole with 5 bp 

        Melting temperature of 17.1 °C  

Linker Domain: 

Forward Primer:   ΔG= -1.01 kcal/mole   ΔG= -5.02 kcal/mole with 3 bp 

Melting temperature of 39.2 °C 

Reverse Primer:    ΔG= -0.16 kcal/mole    ΔG= -5.38 kcal/mole with 4 bp 

Melting temperature of 27.7 °C 

Ser473: 
Forward Primer:   ΔG= -1.36 kcal/mole   ΔG= -9.75 kcal/mole with 4 bp 

        Melting temperature of 38.4 °C 
Reverse Primer:    ΔG= 0.45 kcal/mole   ΔG= -7.05 kcal/mole with 4 bp 

   Melting temperature of 16.9 °C 

Thr308: 

Forward Primer:   ΔG= 0.49 kcal/mole   ΔG= -1.95 kcal/mole with 2 bp 
        Melting temperature of 18 °C 

Reverse Primer:    ΔG= -0.75 kcal/mole   ΔG= -3.55 kcal/mole with 4 bp 

        Melting temperature of 35.7 °C  

http://www.idtdna.com/analyzer/Applications/OligoAnalyzer
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2.4 PCR amplification of exon 4A, exon 4B and exon 20 of the PIK3CA gene.  

 

A)                                                                                                                   B) 

           
    C) 

      
 

Figure B4: Amplification of Exon 4 (C2 domain) and Exon 20 (kinase domain) of the PIK3CA gene in HOSCC cells. A) The presence of a PCR fragment 
at 550 bp is indicative of a positive amplification of the larger splice fragment of Exon 4 (Exon 4A), indicated by the blue arrow, and the 
smaller splice fragment, Exon 4B (B), at 350 bp. The absence of a PCR fragment in lane 8 or the template-free control confirms the 
specificity of the reaction. Red arrow indicates primer dimer formation. C) The presence of a 500 bp PCR amplified fragment is indicative of 
Exon 20.  The absence of a PCR fragment in lane 8 or the template-free control confirms the specificity of the reaction. Lanes 1-8: WHCO1, 
WHCO3, WHCO5, WHCO6, SNO, MCF7, HT29 and template-free control.  



248 

 

2.5 Representative chromatogram of sequencing results for PIK3CA. 

 

A) 

 
 

B) 

 
C) 

 
Figure B5: PIK3CA chromatogram traces. A) Exon 1 (p85α-binding domain) (B), Exon 4A and 4B 

(C2 domain) (C), and Exon 20 (Catalytic domain).  
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2.6 PCR amplification of PKB1 gene.  

 

      A)                                                                                                                               B) 

                   
  C)                                                                                               D) 

   
 

Figure B6: The PKB1 transcript is not impaired in HOSCC cells. A) The presence of a PCR fragment at 319 bp is indicative of the successfully 
amplified region containing Ser473. B) PCR analysis of the region pertaining to Thr308, showing its successful amplification producing a 
450 bp fragment. The absence of a band in lane 8 (template-free) confirms the specificity of the PCR reaction. Red arrow is demonstrative 
of primer-dimer formation. Lanes 1-8: WHCO1, WHCO3, WHCO5, WHCO6, SNO, MCF7, HT29 and template-free control. C) PCR fragment 
at 650 bp is indicative of the successful amplification of the PH domain of the PKB1 transcript. D) The presence of a 450 bp fragment 
reveals that a positive amplification of the Linker domain of the PKB1 transcript.  

319 bp 

450 bp 

450 bp 

650 bp 
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2.7 Representative chromatogram of sequencing results for PKB1.  

 

A) 

 

 
B) 

 
C)

 
 

See next page for legend. 
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D) 

 
E) 

 
Figure B7: PKB Sequencing Traces. A) Representative quality graph of the sequencing results. 

Representative sequence chromatogram traces of the region amplifying Ser473 (B), 
Thr308 (C), PH domain (D), and Linker domain (E). Note: Sequencing was performed 
in both the forward and reverse direction at Inqaba Biotech SA under the same 
parameters used during the PCR reactions. 
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Appendix C 

 
3.1 Optimization for ideal Okadaic Acid (OA) concentration and time exposure. 

 

Diverse concentrations of OA ranging from as little as 2 nM
562

 to as high as 10 μM
550

 have been 

used in various cellular systems, each specifically titrated for the respective objectives of the 

authors
554,1225

. Since PP2A is responsible for dephosphorylating PKB on Ser473, the WHCO6 

cell lines was chosen as a representative for the optimization of OA due to their highest pPKB 

levels (see Chapter 2, Section 2.3.5). Furthermore, the HT29 cell line was included as a control 

for two reasons; 1) PP2A inhibition was previously established post 1 hr and at 100 nM OA
1226

, 

evidenced by decreased pPKB levels, 2) OA concentrations > 100 nM were shown to reduce 

HT29 cell viability
1227,1228

. According to our data (Figure C1), 50 nM of OA did not induce 

pPKB levels in the WHCO6 cell line. Therefore, by increasing the OA concentration to 100 nM, 

and using the HT29 cell line to control for this, we significantly inhibited PP2A activity 

following a 1 hr incubation (P=0.001), evidenced by pPKB levels (Figure C1). As our purpose 

was not to induce apoptosis, we were able to link this inhibition to the presence of pro-caspase-3 

(inactive), which was only detected subsequent to a 3 hr exposure to OA (see Figure C1). 

Therefore, a 1 hr exposure to OA at a concentration of 100 nM deemed sufficient to inhibit 

PP2A in HOSCC cells. 

 
       1)                                                               2) 

   

        3) 

 

 

 

 

 

 

* 

Figure C1: Optimization of exposure to Okadaic Acid (OA) in HOSCC cells. 1)Western blot      
analysis of pPKB expression in WHCO6 cell line exposed to 50 nM of OA at various 
intervals (0.5, 1, and 3 hrs). 2) Protein levels of pPKB and caspase-3 in the WHCO6 
cell line subsequent to 100 nM OA exposure at various time intervals (0.5, 1, and 3 
hrs), as well as a 1 hr exposure to 50 and 100 nM of OA in the HT29 control. 3) Three 
independent treatments of the WHCO6 cell line to 100 nM OA were quantified 
through densitometry. An increase in pPKB levels was verified following a 1 hr 
exposure to OA. 
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3.2 Okadaic Acid (OA) Stock 

 

10 μg   Okadaic Acid (Sigma) 

Make up to final volume with DMSO 

Store at -20 C 

 

3.3 Non-reducing Buffer 

 

100 mM  Tris-HCL (pH 7.0) 

150 mM  NaCl 

1 mM   EDTA 

50 mM   N-Ethylmaleimide (NEM) 

4%   Triton-X-100 

Make up to final volume with dH2O. 

 

Table C1:Student’s t test results for pPKB expression following 1 hr exposure to 100 nM of 

OA.  

  OA:       

  0   1Hr       

Cell Line Mean Std Dev Mean Std Dev t P 

WHCO1 53.815 9.535 47.399 9.671 28.408 0.001 

WHCO3 0.0568 0.0568 0.0568 0.0568 0 1 

WHCO5 53.488 8.62 53.13 9.431 0.349 0.761 

WHCO6 33.91 5.575 43.301 4.299 -1.705 0.23 

SNO 84.691 8.721 89.304 11.402 -2.893 0.102 

HT29 36.439 4.524 1.421 0.496 12.23 0.007 

MCF7 8.606 0.928 5.972 1.66 5.962 0.027 

            * Indicates levels of significance. *t with 2 degrees freedom 

Table C2: Student’s t test results for pGSK3β expression following 1 hr exposure to 100 

nM of OA.  

  OA:       

  0   1Hr       

Cell Line Mean Std Dev Mean Std Dev t P 

WHCO1 13.347 3.122 14.238 4.355 -0.447 0.699 

WHCO3 6.928 1.443 8.156 1.909 -3.739 0.065 

WHCO5 10.845 1.537 14.116 4.35 -1.996 0.184 

WHCO6 34.477 4.81 39.076 2.166 -3.008 0.095 

SNO 70.869 3.085 94.06 4.166 -5.555 0.031 

HT29 0.0484 0.0484 4.401 2.171 -3.457 0.074 

MCF7 96.489 3.138 79.919 3.507 5.546 0.031 

           * Indicates levels of significance. *t with 2 degrees freedom 
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Table C3: Student’s t test results for PTEN expression following 1 hr exposure to 100 nM 

of OA.  

  OA:       

  0   1Hr       

Cell Line Mean Std Dev Mean Std Dev t P 

WHCO1 54.934 1.219 43.708 2.056 5.939 0.027 

WHCO3 46.763 1.611 44.68 4.133 1.389 0.299 

WHCO5 42.971 4.165 48.964 4.569 -4.63 0.044 

WHCO6 26.092 3.035 35.188 3.048 -2.595 0.122 

SNO 36.549 2.185 41.375 0.803 -5.426 0.032 

HT29 36.547 0.586 34.209 1.68 3.322 0.08 

MCF7 95.022 4.845 42.913 3.523 11.238 0.008 

              * Indicates levels of significance. *t with 2 degrees freedom. 

Table C4: Student’s t test results for PI3K (p85α) expression following 1 hr exposure to 100 

nM of OA.  

 

 

 

 

 

 

 

 

* Indicates levels of significance. *t with 2 degrees freedom 

Table C5: Student’s t test results for β-catenin expression following 1 hr exposure to 100 

nM of OA.  

 

  OA:       

  0   1Hr       

Cell Line Mean Std Dev Mean Std Dev t P 

WHCO1 51.268 4.623 70.488 7.234 -9.728 0.01 

WHCO3 95.286 4.277 50.201 6.276 7.439 0.018 

WHCO5 59.831 3.963 51.796 5.902 3.759 0.064 

WHCO6 32.149 5.307 39.014 2.749 -2.34 0.144 

SNO 19.273 2.702 13.956 1.366 3.712 0.066 

HT29 11.255 1.585 7.361 1.724 5.447 0.032 

MCF7 13.528 3.949 9.303 2.281 4.079 0.055 

        * Indicates levels of significance. *t with 2 degrees freedom 

 

 

  OA:       

  0   1Hr       

Cell Line Mean Std Dev Mean Std Dev t P 

WHCO1 17.092 2.502 12.415 3.684 3.398 0.077 

WHCO3 35.748 1.825 24.231 3.661 7.672 0.017 

WHCO5 40.218 4.176 54.702 11.807 -3.09 0.091 

WHCO6 46.183 2.878 30.628 6.412 4.906 0.039 

SNO 86.171 7.09 97.467 2.865 -2.712 0.113 

HT29 74.257 8.28 68.882 13.378 0.431 0.708 

MCF7 44.109 7.038 84.426 10.211 -18.394 0.003 
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Table C6: Optical density values (mean) of the bands representing whole cell and nuclear 

protein expression of PTEN. 

 
Whole Cell Nuclear 

Cell Line Mean Std Dev Mean Std Dev 

WHCO1 47.057 2.21 85.054 5.133 

WHCO3 27.726 2.186 72.799 5.12 

WHCO5 30.125 0.562 81.767 6.478 

WHCO6 32.946 1.891 0.196 0.196 

SNO 28.932 1.312 21.284 2.682 

HT29 22.193 2.462 46.809 6.827 

MCF7 97.802 2.911 88.966 10.215 

 

Table C7: One Way RM Anova results for PTEN, pPKB, pGSK3β, PI3K (p85α) and β-

catenin expression following PTEN oxidation induced by 10, 30, and 60 mins 

exposure to 1 mM H2O2. 

 

PTEN:               

H2O2 Exposure  WHCO1 WHCO3 WHCO5 WHCO6 SNO HT29 MCF7 

0 vs. 10 mins <0.001 0.008 0.482 0.082 0.002 0.403 0.001 

0 vs. 30 mins <0.001 <0.001 <0.001 0.01 <0.001 <0.001 0.027 

0 vs. 60 mins <0.001 <0.001 0.201 0.015 0.131 <0.001 <0.001 

pPKB:               

H2O2 Exposure  WHCO1 WHCO3 WHCO5 WHCO6 SNO HT29 MCF7 

0 vs. 10 mins 0.178 0.537 <0.001 0.309 <0.001 0.004 <0.001 

0 vs. 30 mins 0.178 0.192 <0.001 <0.001 <0.001 <0.001 0.048 

0 vs. 60 mins 0.178 <0.001 <0.001 <0.001 <0.001 <0.001 0.586 

pGSK3β               

H2O2 Exposure  WHCO1 WHCO3 WHCO5 WHCO6 SNO HT29 MCF7 

0 vs. 10 mins <0.001 0.034 <0.001 0.003 <0.001 <0.001 0.052 

0 vs. 30 mins 0.812 0.023 <0.001 0.375 0.98 0.093 0.052 

0 vs. 60 mins 0.003 <0.001 <0.001 0.321 0.142 0.008 0.052 

PI3K (p85α)               

H2O2 Exposure  WHCO1 WHCO3 WHCO5 WHCO6 SNO HT29 MCF7 

0 vs. 10 mins 0.015 0.055 0.901 <0.001 0.021 0.003 0.011 

0 vs. 30 mins <0.001 <0.001 0.003 <0.001 <0.001 0.541 0.002 

0 vs. 60 mins <0.001 <0.001 0.009 <0.001 0.041 0.015 <0.001 

β-catenin               

H2O2 Exposure  WHCO1 WHCO3 WHCO5 WHCO6 SNO HT29 MCF7 

0 vs. 10 mins 0.005 0.002 0.049 0.001 0.005 <0.001 0.135 

0 vs. 30 mins 0.224 <0.001 0.037 0.848 0.055 <0.001 0.887 

0 vs. 60 mins 0.518 <0.001 <0.001 0.003 0.073 <0.001 0.01 

        * Indicates levels of significance. 
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Table C8: One Way RM Anova results for pPKB expression following PTEN oxidation 

induced by 10, 30, and 60 mins exposure to 1 mM and 20 µM H2O2 in the Caco2 

cell line. 

H2O2 Exposure  1 mM 20 µM 

0 vs. 10 mins 0.563 0.004 

0 vs. 30 mins 0.092 <0.001 

0 vs. 60 mins 0.022 0.022 

           * Indicates levels of significance. 

Table C9: Pearson’s correlation coefficient values for the inverse correlation between 

PTEN and pPKB following PTEN oxidation induced by 10, 30, and 60 mins 

exposure to 1 mM H2O2.  

 

  
PTEN and pPKB pPKB and pGSK3β 

 
H2O2: r P r P 

WHCO1 0 vs 10 mins -0.246 0.842 0.979 0.13 

  0 vs 30 mins -0.617 0.576 -0.987 0.104 

  0 vs 60 mins -0.869 0.33 0.679 0.525 

WHCO3 0 vs 10 mins -0.148 0.905 0.975 0.143 

  0 vs 30 mins -0.174 0.888 0.577 0.609 

  0 vs 60 mins 0.503 0.665 -0.873 0.324 

WHCO5 0 vs 10 mins 0.95 0.202 0.455 0.699 

  0 vs 30 mins 0.198 0.873 -0.99 0.088 

  0 vs 60 mins -0.815 0.394 0.936 0.229 

WHCO6 0 vs 10 mins 0.32 0.793 -0.0591 0.962 

  0 vs 30 mins -0.989 0.0932 -0.306 0.802 

  0 vs 60 mins -0.845 0.36 0.137 0.912 

SNO 0 vs 10 mins 0.198 0.873 -0.3 0.806 

  0 vs 30 mins -0.0929 0.941 0.81 0.399 

  0 vs 60 mins 0.542 0.635 0.0724 0.954 

HT29 0 vs 10 mins 0.419 0.725 -0.95 0.202 

  0 vs 30 mins 0.995 0.0628 -0.598 0.592 

  0 vs 60 mins 0.18 0.885 -0.635 0.562 

MCF7 0 vs 10 mins 0.214 0.863 -0.936 0.229 

  0 vs 30 mins -0.987 0.104 -0.645 0.554 

  0 vs 60 mins 1 0.0166 1 0.0035 

* Indicates correlation, levels of significance and possible significance. 
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Appendix D 
 

4.1 Seperating Gel (12%) 

 

12%  Acrylamide 

Prepared as described in Appendix A 1.6. 

 

 

4.2 MTT (3-[4,5-Dimethylthiazol-2-yl]-2,5-diphenyltetrazoliumbromide)  

 

50 mg  MTT (Sigma) 

Make up to final concentration of 5 mg/ml with 10 ml of PBS. 

Store at -20 °C.   

 

4.3 Velcade®/Bortezomib (Bzb) 

 

3.5 mg  Bzb powder (Millennium Pharmaceuticals, Inc) 

Make up to final concentration with DMSO 

Store at -70 °C. 

 

Table D1: Optical density values (mean) of the bands representing whole cell protein 

expression of PI3K (p85) and PTEN.  

 

 
PI3K (p85α) PTEN 

CELL LINE Mean Std Dev Mean Std Dev 

WHCO1 21.338 3.902 42.322 3.604 

WHCO3 25.615 1.971 23.855 2.05 

WHCO5 44.796 3.079 28.089 2.404 

WHCO6 75.801 1.655 28.99 2.436 

SNO 94.088 5.12 26.191 2.391 

MCF7 14.594 0.404 19.564 2.001 

HT29 31.745 1.823 90.948 8.017 

COS-7 11.627 2.92 48.064 5.493 

HEK293 32.287 1.408 30.116 2.113 

NIH3T3 78.231 2.219 66.744 0.706 

Caco-2 52.716 1.486 28.533 1.208 

DLD-1 13.015 2.564 52.27 5.252 

Sw480 12.255 0.82 36.951 2.314 
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4.4 MTT Assay Results 

 

4.4.1  WHCO1 
One Way Repeated Measures Analysis of Variance  
Normality Test: Passed (P = 0.335) 

Equal Variance Test: Passed (P = 0.778) 

Treatment Name N  Missing Mean Std Dev SEM  

0 3 0 0.0947 0.00666 0.00384  
6hrs 3 0 0.126 0.00961 0.00555  

12hrs 3 0 0.141 0.0127 0.00731  

24hrs 3 0 0.244 0.0301 0.0174  

Source of Variation  DF   SS   MS    F    P   

Between Subjects 2 0.000344 0.000172    

Between Treatments 3 0.0378 0.0126 36.719 <0.001  

Residual 6 0.00206 0.000343    

Total 11 0.0402     

The differences in the mean values among the treatment groups are greater than would be expected by chance; 

there is a statistically significant difference  (P = <0.001). To isolate the group or groups that differ from the 

others use a multiple comparison procedure. 

Power of performed test with alpha = 0.050: 1.000 
All Pairwise Multiple Comparison Procedures (Holm-Sidak method): 

Overall significance level = 0.05 

Comparisons for factor:  

Comparison Diff of Means t Unadjusted P Critical Level Significant?  

24hrs vs. 0 0.150 9.896 <0.001 0.009 Yes  

24hrs vs. 6hrs 0.118 7.802 <0.001 0.010 Yes  

24hrs vs. 12hrs 0.104 6.854 <0.001 0.013 Yes  

12hrs vs. 0 0.0460 3.041 0.023 0.017 No  

6hrs vs. 0 0.0317 2.094 0.081 0.025 No  

12hrs vs. 6hrs 0.0143 0.948 0.380 0.050 No  

 

4.4.2 MCF7 
One Way Repeated Measures Analysis of Variance  
Normality Test: Passed (P = 0.142) 

Equal Variance Test: Passed (P = 0.976) 

Treatment Name N  Missing Mean Std Dev SEM  

0 3 0 0.105 0.00987 0.00570  

6hrs 3 0 0.113 0.00153 0.000882  
12hrs 3 0 0.123 0.0161 0.00928  

24hrs 3 0 0.136 0.00917 0.00529  

Source of Variation  DF   SS   MS    F    P   

Between Subjects 2 0.000463 0.000232    

Between Treatments 3 0.00156 0.000521 7.427 0.019  

Residual 6 0.000421 0.0000701    

Total 11 0.00245     

The differences in the mean values among the treatment groups are greater than would be expected by chance; 

there is a statistically significant difference  (P = 0.019). To isolate the group or groups that differ from the 

others use a multiple comparison procedure. 

Power of performed test with alpha = 0.050: 0.759 
All Pairwise Multiple Comparison Procedures (Holm-Sidak method): 

Overall significance level = 0.05 

Comparisons for factor:  

Comparison Diff of Means t Unadjusted P Critical Level Significant?  

24hrs vs. 0 0.0307 4.485 0.004 0.009 Yes  

24hrs vs. 6hrs 0.0227 3.315 0.016 0.010 No  

12hrs vs. 0 0.0173 2.535 0.044 0.013 No  

24hrs vs. 12hrs 0.0133 1.950 0.099 0.017 No  

12hrs vs. 6hrs 0.00933 1.365 0.221 0.025 No  

6hrs vs. 0 0.00800 1.170 0.286 0.050 No  
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4.4.3 HEK293 
One Way Repeated Measures Analysis of Variance  
Normality Test: Passed (P = 0.882) 
Equal Variance Test: Passed (P = 0.090) 

Treatment Name N  Missing Mean Std Dev SEM  

0 3 0 0.224 0.00681 0.00393  

6hrs 3 0 0.209 0.00346 0.00200  

12hrs 3 0 0.279 0.0480 0.0277  

24hrs 3 0 0.236 0.00450 0.00260  

Source of Variation  DF   SS   MS    F    P   

Between Subjects 2 0.00147 0.000735    

Between Treatments 3 0.00818 0.00273 4.967 0.046  

Residual 6 0.00330 0.000549    

Total 11 0.0129     

The differences in the mean values among the treatment groups are greater than would be expected by chance; 
there is a statistically significant difference  (P = 0.046). To isolate the group or groups that differ from the 

others use a multiple comparison procedure. 

Power of performed test with alpha = 0.050: 0.538 

All Pairwise Multiple Comparison Procedures (Holm-Sidak method): 

Overall significance level = 0.05 

Comparisons for factor:  

Comparison Diff of Means t Unadjusted P Critical Level Significant?  

12hrs vs. 6hrs 0.0700 3.658 0.011 0.009 No  

12hrs vs. 0 0.0553 2.892 0.028 0.010 No  

12hrs vs. 24hrs 0.0435 2.273 0.063 0.013 No  

24hrs vs. 6hrs 0.0265 1.385 0.215 0.017 No  
0 vs. 6hrs 0.0147 0.767 0.472 0.025 No  

24hrs vs. 0 0.0118 0.618 0.559 0.050 No  

 

4.4.4 NIH3T3 
One Way Repeated Measures Analysis of Variance  
Normality Test: Passed (P = 0.891) 

Equal Variance Test: Passed (P = 0.338) 

Treatment Name N  Missing Mean Std Dev SEM  

0 3 0 0.197 0.0139 0.00802  

6hrs 3 0 0.281 0.00802 0.00463  

12hrs 3 0 0.278 0.0125 0.00723  

24hrs 3 0 0.285 0.0405 0.0234  

Source of Variation  DF   SS   MS    F    P   

Between Subjects 2 0.000193 0.0000966    

Between Treatments 3 0.0160 0.00533 8.164 0.015  

Residual 6 0.00392 0.000653    

Total 11 0.0201     

The differences in the mean values among the treatment groups are greater than would be expected by chance; 
there is a statistically significant difference  (P = 0.015). To isolate the group or groups that differ from the 

others use a multiple comparison procedure. 

Power of performed test with alpha = 0.050: 0.806 

All Pairwise Multiple Comparison Procedures (Holm-Sidak method): 

Overall significance level = 0.05 

Comparisons for factor:  

Comparison Diff of Means t Unadjusted P Critical Level Significant?  

24hrs vs. 0 0.0877 4.203 0.006 0.009 Yes  

6hrs vs. 0 0.0837 4.011 0.007 0.010 Yes  

12hrs vs. 0 0.0810 3.883 0.008 0.013 Yes  

24hrs vs. 12hrs 0.00667 0.320 0.760 0.017 No  

24hrs vs. 6hrs 0.00400 0.192 0.854 0.025 No  
6hrs vs. 12hrs 0.00267 0.128 0.902 0.050 No  
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Table D2: One Way Anova Statistical results for the expression of β-catenin following Bzb exposure. 
Bzb 

Exposure WHCO1 WHCO3 WHCO5 WHCO6 SNO HT29 MCF7 COS-7 HEK293 NIH3T3 Caco-2 DLD-1 Sw480 

0 vs. 1 nM 0.084 <0.001 <0.001 <0.001 0.647 0.027 0.056 0.038 0.023 0.509 0.118 <0.001 0.005 

0 vs. 5 nM 0.001 <0.001 0.211 0.01 0.096 0.185 0.208 0.754 0.477 0.152 <0.001 <0.001 0.002 

0 vs. 10 nM 0.397 <0.001 <0.001 0.959 <0.001 0.438 <0.001 0.033 0.037 0.031 <0.001 <0.001 0.003 

0. vs. 25 nM 0.007 <0.001 <0.001 0.225 0.008 0.425 <0.001 0.004 0.479 0.005 <0.001 <0.001 0.01 

0 vs. 50 nM 0.38 <0.001 0.021 0.148 <0.001 <0.001 <0.001 0.03 0.011 0.733 0.201 <0.001 <0.001 

0 vs. 100 nM 0.489 <0.001 <0.001 0.06 <0.001 0.006 <0.001 <0.001 <0.001 0.002 <0.001 <0.001 0.002 

0 vs. 200 nM 0.206 <0.001 <0.001 0.354 <0.001 0.018 0.007 <0.001 0.009 0.009 <0.001 0.599 <0.001 

        * Indicates levels of significance. 0 = DMSO control 

 

Table D3: P values of One Way Anova Statistical results for the expression of PTEN following Bzb exposure 
Bzb 

Exposure WHCO1 WHCO3 WHCO5 WHCO6 SNO HT29 MCF7 COS-7 HEK293 NIH3T3 Caco-2 DLD-1 Sw480 

0 vs. 1 nM 0.009 0.15 0.035 0.069 0.073 0.362 0.395 0.611 <0.001 <0.001 0.001 0.693 <0.001 

0 vs. 5 nM <0.001 0.194 0.001 0.064 <0.001 0.015 0.381 0.611 <0.001 <0.001 0.003 0.181 <0.001 

0 vs. 10 nM <0.001 0.412 0.008 0.185 0.674 0.008 <0.001 0.611 0.501 0.501 <0.001 <0.001 <0.001 

0 vs. 25 nM <0.001 0.35 0.015 0.507 0.436 0.001 <0.001 0.611 <0.001 <0.001 0.045 0.097 <0.001 

0 vs. 50 nM 0.006 0.009 0.072 <0.001 0.039 0.112 0.2 0.611 0.09 0.09 <0.001 0.85 <0.001 

0 vs. 100 nM <0.001 0.077 0.003 0.865 <0.001 0.643 <0.001 0.611 <0.001 <0.001 <0.001 0.723 <0.001 

0 vs. 200 nM 0.002 <0.001 0.005 0.037 <0.001 0.167 0.049 0.611 <0.001 <0.001 <0.001 0.716 <0.001 

      * Indicates levels of significance. 0 = DMSO control 
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Table D4: P values of One Way Anova Statistical results for the expression of pPKB following Bzb exposure 
Bzb 

Exposure WHCO1 WHCO3 WHCO5 WHCO6 SNO HT29 MCF7 COS-7 HEK293 NIH3T3 Caco-2 DLD-1 Sw480 

0 vs. 1 nM <0.001 <0.001 <0.001 0.028 <0.001 <0.001 <0.001 <0.001 <0.001 1 <0.001 <0.001 <0.001 

0 vs. 5 nM <0.001 <0.001 <0.001 <0.001 0.048 <0.001 <0.001 0.714 <0.001 1 <0.001 0.642 <0.001 

0 vs. 10 nM <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 

0 vs. 25 nM <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 1 <0.001 0.001 <0.001 

0 vs. 50 nM <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 1 <0.001 <0.001 <0.001 

0 vs. 100 nM <0.001 <0.001 <0.001 <0.001 <0.001 0.711 <0.001 <0.001 0.464 1 <0.001 <0.001 <0.001 

0 vs. 200 nM <0.001 <0.001 <0.001 <0.001 <0.001 0.711 <0.001 <0.001 0.002 1 <0.001 <0.001 0.016 

          * Indicates levels of significance. 0 = DMSO control 

 

      Table D5: P values of One Way Anova Statistical results for the expression of PI3K (p85α) following Bzb exposure 

 

 

 

 

 

 

 

 

 

     * Indicates levels of significance. 0 = DMSO control 

 

 

 

 

 

Bzb Exposure WHCO1 WHCO3 WHCO5 WHCO6 SNO HT29 MCF7 COS-7 HEK293 NIH3T3 Caco-2 DLD-1 Sw480 

0 vs. 1 nM 0.75 0.447 0.021 <0.001 0.003 <0.001 0.006 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 

0 vs. 5 nM <0.001 <0.001 0.676 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.023 <0.001 

0 vs. 10 nM <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.917 <0.001 0.023 

0 vs. 25 nM <0.001 <0.001 0.065 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.007 <0.001 0.014 

0 vs. 50 nM <0.001 <0.001 0.002 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.096 <0.001 <0.001 

0 vs. 100 nM 0.03 0.072 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.005 <0.001 <0.001 

0 vs. 200 nM <0.001 <0.001 0.027 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.868 <0.001 <0.001 <0.001 
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Appendix E 

5.1 Lithium Chloride (LiCl) 

 

0.04239 g   LiCl (Merck) 

Make up to 1 ml in tissue culture medium (see Appendix A 1.1). 

 

5.2 Nuclear levels of β-catenin in HOSCC and the significance thereof: 

 

One Way Repeated Measures Analysis of Variance  
Data source: Nuclear β-atenin 

Normality Test: Passed (P = 0.160) 

Equal Variance Test: Passed (P = 0.420) 

Treatment Name N  Missing Mean Std Dev SEM  

WHCO1 3 0 60.903 1.249 0.721  

WHCO3 3 0 66.177 5.285 3.052  
WHCO5 3 0 61.810 1.080 0.624  

WHCO6 3 0 63.274 3.685 2.127  

SNO 3 0 60.448 1.889 1.090  

HT29 3 0 59.550 0.358 0.207  

MCF7 3 0 61.897 0.748 0.432  

CONTROL 3 0 98.855 1.544 0.891  

Source of Variation  DF   SS   MS    F    P   

Between Subjects 2 8.388 4.194    

Between Treatments 7 3650.075 521.439 78.188 <0.001  

Residual 14 93.367 6.669    

Total 23 3751.831     

The differences in the mean values among the treatment groups are greater than would be expected by chance; 
there is a statistically significant difference  (P = <0.001). To isolate the group or groups that differ from the 

others use a multiple comparison procedure. 

Power of performed test with alpha = 0.050: 1.000 

Multiple Comparisons versus Control Group (Holm-Sidak method): 

Overall significance level = 0.05 

Comparisons for factor:  

Comparison Diff of Means t Unadjusted P Critical Level Significant?  

HT29 vs. CONTROL 39.305 18.641 <0.001 0.007 Yes  

HT29 vs. WHCO3 6.627 3.143 0.007 0.009 Yes  

HT29 vs. WHCO6 3.724 1.766 0.099 0.010 No  

HT29 vs. MCF7 2.347 1.113 0.285 0.013 No  
HT29 vs. WHCO5 2.260 1.072 0.302 0.017 No  

HT29 vs. WHCO1 1.353 0.642 0.531 0.025 No  

HT29 vs. SNO 0.898 0.426 0.677 0.050 No  

 

Table E1: Optical density values (mean) of the bands representing the western blot 

detection of MMP7. 

 

 

 

 

 

 

 

 

Cell Line Mean Std Dev 

WHCO1 49.1 4.841 

WHCO3 98.768 1.426 

WHCO5 97.389 1.37 

WHCO6 33.941 3.05 

SNO 69.994 4.541 
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5.3 The mean optical density values and statistical analysis of c-Jun levels in HOSCC: 

One Way Repeated Measures Analysis of Variance  
Data source: c-Jun Whole Cell Protein Expression 

Normality Test: Passed (P = 0.775) 

Equal Variance Test: Passed (P = 0.849) 

Treatment Name  N  Missing Mean Std Dev SEM  

WHCO1 3 0 94.888 8.769 5.063  

WHCO3 3 0 64.053 5.535 3.196  
WHCO5 3 0 88.881 6.216 3.589  

WHCO6 3 0 80.131 4.288 2.475  

SNO 3 0 79.842 3.397 1.961  

MCF7 3 0 18.046 0.934 0.539  

HT29 3 0 39.987 3.210 1.854  

Source of Variation  DF   SS   MS    F    P   

Between Subjects 2 102.384 51.192    

Between Treatments 6 14181.662 2363.610 104.221 <0.001  

Residual 12 272.147 22.679    

Total 20 14556.193     

The differences in the mean values among the treatment groups are greater than would be expected by chance; there 

is a statistically significant difference  (P = <0.001). To isolate the group or groups that differ from the others use a 
multiple comparison procedure. 

Power of performed test with alpha = 0.050: 1.000 

Multiple Comparisons versus Control Group (Holm-Sidak method): 

Overall significance level = 0.05 

Comparisons for factor:  

Comparison Diff of Means t Unadjusted P Critical Level Significant?  

HT29 vs. WHCO1 54.901 14.119 <0.001 0.009 Yes  

HT29 vs. WHCO5 48.894 12.574 <0.001 0.010 Yes  

HT29 vs. WHCO6 40.144 10.324 <0.001 0.013 Yes  

HT29 vs. SNO 39.855 10.250 <0.001 0.017 Yes  

HT29 vs. WHCO3 24.066 6.189 <0.001 0.025 Yes  
HT29 vs. MCF7 21.941 5.643 <0.001 0.050 Yes  

 

Table E2: Statistical (P values) results of the bands representing the western blot 

detection of pPKB (Ser473), pGSK3, PTEN, and β-catenin following LiCl 

exposure. 

pPKB:               

LiCl Exposure: WHCO1 WHCO3 WHCO5 WHCO6 SNO HT29 MCF7 

0 vs 3hrs <0.001 <0.001 0.032 <0.001 0.137 0.051 <0.001 

0 vs 12hrs <0.001 <0.001 0.007 <0.001 0.137 <0.001 <0.001 

0 vs 24hrs 0.779 <0.001 0.018 <0.001 0.137 <0.001 <0.001 

pGSK3β               

0 vs 3hrs <0.001 <0.001 <0.001 <0.001 0.298 <0.001 <0.001 

0 vs 12hrs <0.001 <0.001 <0.001 <0.001 0.01 0.004 <0.001 

0 vs 24hrs <0.001 <0.001 <0.001 0.35 0.058 <0.001 0.004 

PTEN               

0 vs 3hrs 0.162 0.111 0.856 0.127 <0.001 0.002 0.096 

0 vs 12hrs 0.162 0.66 0.02 0.127 <0.001 0.068 0.096 

0 vs 24hrs 0.162 0.093 <0.001 0.127 <0.001 0.787 0.096 

β-catenin               

0 vs 3hrs 0.004 <0.001 0.034 <0.001 0.222 0.021 0.002 

0 vs 12hrs 0.002 0.172 0.74 <0.001 0.222 <0.001 0.233 

0 vs 24hrs 0.304 <0.001 <0.001 <0.001 0.222 <0.001 0.797 

     * Indicates levels of significance. 
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Table E3: Statistical (P values) results of the bands representing the western blot detection 

of nuclear and total β-catenin concentration following PI3K inhibition. 

 

    Nuclear β-catenin       

  Control LY29 (1 hr)     

  Mean Std Dev Mean  Std Dev t P 

WHCO1 41.43 1.577 15.381 1.215 22.66 <0.001 

WHCO3 50.38 0.702 57.342 8.753 -1.373 0.242 

WHCO5 21.275 1.58 15.826 1.132 4.855 0.008 

WHCO6 90.421 8.3 46.092 3.934 8.359 0.001 

SNO 23.573 1.744 16.86 0.419 6.481 0.003 

HT29 9.716 0.739 14.269 0.856 -6.971 0.002 

MCF7 12.981 1.819 14.838 0.972 -1.559 0.194 

 
  

Total β-
catenin     

  WHCO1 80.37 9.067 72.901 8.118 1.063 0.348 

WHCO3 86.19 13.714 63.803 9.29 2.341 0.079 

WHCO5 59.871 10.44 83.663 6.736 -3.317 0.029 

WHCO6 71.281 5.452 39.892 8.056 5.589 0.005 

SNO 29.289 4.357 24.838 2.793 1.49 0.211 

HT29 38.65 6.19 31.769 9.525 1.049 0.353 

MCF7 37.725 5.824 31.201 6.779 1.264 0.275 

      * Indicates levels of significance. 
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