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ABSTRACT 

 

Melanoma has the most rapidly rising incidence of all cancers and once 

metastasized it is very difficult to treat. This makes the identification of 

molecular pathways that are deregulated in melanoma a novel area of study. β-

catenin (β-cat) is a multifunctional protein of the Wnt signaling pathway that is 

key in driving metastasis. Understanding what regulates the high levels of 

active-β-cat expressed in metastatic melanomas was the goal of this study. We 

looked into the PI3K pathway as the possible mediator, as PTEN the negative 

regulator of the pathway, is lost in 30-60% of melanomas.  

We found that there is an inverse relationship in β-cat and PTEN expression 

through melanoma progression.  The inhibition of the PI3K pathway decreased 

expression of the active form of β-cat and downstream effector genes, 

independent of Wnt signaling.  Therefore, the suppression of active-β-cat is a 

potential molecular target that may serve to limit metastatic progression. 
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1.1 Melanoma 

1.1.1 Malignant Melanoma 

Worldwide, melanoma has the most rapidly rising incidence rate of any human 

cancer.  It arises from the malignant transformation of the melanocyte cells of the 

skin.  Due to the inefficacy of present chemotherapeutic regimens and the 

resistance of melanocyte cells to radiotherapy, 95% of stage IV metastatic 

melanoma patients die within five years of diagnosis (Grossman and Altieri, 

2001; Helmbach et al., 2001; Soengas and Lowe, 2003).  Metastasis, the spread of 

a cancer from the site of the primary tumour to distant sites of the body, makes 

melanoma very hard to treat. Risk factors associated with malignant melanoma 

include excessive sun exposure which can cause mutations in specific genes and 

deregulation of signal transduction pathways.  

1.1.2 Stages of Melanoma 

Malignant melanoma is characterized by the uncontrollable proliferation of 

melanocytes, cells originating from neural crest cells. The liver, brain, and lungs 

are the most common targets of melanoma metastasis, and patients with 

metastasized melanoma have a median survival of six months (Kim et al., 2010). 

Melanocytes are located in the basal layer of the epidermis surrounded by 

keratinocytes.  Keratinocytes maintain controlled growth of melanocytes through 

(1) extracellular communication via paracrine growth factors, (2) intracellular 

communication through second messengers and signal transduction, and (3) 

intercellular communication through cell–cell adhesion molecules, cell–matrix 
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adhesion, and gap junctional intercellular communication (Haass et al., 2004). 

Perturbations in the cellular environment can lead to alterations in molecules 

involved in cell-cell adhesion and cell communication, leading to melanoma 

development (Haass et al., 2005). Uncontrolled proliferation, homeostatic balance 

upset through deregulation of signal transduction, and loss in cell adhesion can all 

lead to metastasis. The American Joint Committee on Cancer (AJCC) has devised 

a system to categorize melanoma. This system incorporates tumour thickness, 

nodal status, and metastatic disease (Piris et al., 2011). Figure 1.1 summarizes the 

steps leading to metastasis.   

Figure 1.1: Summary of stages of melanoma from melanocytes to metastasis. 

Simplified depiction of changes that occur in the phenotype of the cell and 

cellular environment from melanocytes, nevus (e.g., birthmarks, moles), radial 

growth, vertical growth, to metastasis. 

 

Normal melanocytes are transformed to malignant melanocytes through distinct 

 

Melanocytes 

•Normal melanocytes are dispersed throughout epidermis 

•Interact heterotypically with surrounding keratinocytes 

 

Nevus 

•Homotypic cell-cell interactions 

•Cell aggregation 

 

Radial Growth 
Phase 

•First step toward invasive phenotype 

 

Vertical  

Growth Phase 

•Tumour cells penetrate into hypodermis 

 

Metastasis 

•Melanoma cells pass through endothelium and settle in 
another part of the body 
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phenotypic changes, as they progress through an epithelial to mesenchymal 

transition (EMT). A disruption in adherens junctions of melanocytes, a result of 

the down regulation of E-cadherin and up regulation of N-cadherin (the “cadherin 

switch”) (Hao et al., 2012), causes a loss of cell adhesion and an increase in cell 

mobility.  

Loss of E-cadherin allows melanocytes to escape from keratinocyte growth 

control and allows malignant melanocytes to escape from the primary tumour 

focus (Hirohashi et al., 1998). EMT must take place for cells to progress to a 

metastatic stage, as cells must shed their epithelial phenotype and gain a 

mesenchymal phenotype. To gain metastatic potential, cells must invade the 

basement membrane and make their way into the bloodstream. Figure 1.2 shows 

healthy tissue progressing through distinct stages and reaching a metastatic state.  

 

Figure 1.2: Stages of melanoma: Progression of benign nevus to metastasis. 
Changes in pathology depict stages of melanoma progression from benign nevus, 

to dysplastic nevi, to radial-growth phase, to vertical growth phase, to a metastatic 

melanoma.  

 

1.1.3 Current Therapeutics 

Currently there are five different types of therapies for melanoma, depending on 

the stage of the cancer.  Surgery, chemotherapy, radiation therapy, targeted 

therapy and biologic therapy are the treatments presented by the National Cancer 

Benign Nevus   Dysplastic Nevi         Radial Growth Phase      Vertical growth phase     Metastatic Melanoma 
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Institute.  Surgery is the form of primary treatment as it excises the tumour from 

its primary site, or the lymph nodes to which the tumour has reached may be 

removed.  Chemotherapy and radiation therapy are two commonly used 

conventional cancer treatments. Biologic therapy, another form of cancer 

treatment, targets the patient’s immune system to fight the cancer.  This therapy 

boosts the body’s immune system by restoring the body’s natural defences. An 

example is Interleukin-2 (IL-2), which promotes the growth and activity of 

lymphocytes in the body, which are used by the immune system to fight off 

cancer cells. The negative effect of such treatment is that a higher dose results in 

severe side effects, so therefore lower doses are usually combined with another 

form of therapy.  A more specific treatment is targeted therapy, which targets 

signal transduction components that are deregulated in melanoma.  This form of 

treatment is very cancer specific in comparison to other conventional therapies 

mentioned above (http://www.cancer.gov/cancertopics/pdq/treatment/melanoma). 

Drugs that target the mutations that are highly prevalent in melanoma, such as 

BRAF mutations are commonly used in targeted therapy.  A commonly used 

BRAF inhibiting drug is Vemurafenib which targets specific BRAF substitution 

mutations. Sorafnib is a multikinase inhibitor that targets vascular endothelial-

growth factor and Raf/MEK pathways at the level of RAF kinase. Monoclonal 

antibodies that target molecules to enhance anti-tumour immunity are a major 

breakthrough in melanoma treatment (Simeone and Ascierto, 2012).  Ipilimumab, 

an antibody against cytotoxic T-lymphocyte (CTL) antigen, is a commonly used 

drug for treatment of stage four melanoma.  This drug removes inhibition of CTLs 

http://www.cancer.gov/cancertopics/pdq/treatment/
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so they can target and destroy cancer cells 

(http://www.cancer.gov/cancertopics/pdq/treatment/melanoma/HealthProfessional 

//Page9#Reference9.6). Antibodies targeting Programmed Death-1 (PD-1) are 

similar to Ipilmumab in the sense that they act as a pharmacological antagonist on 

the inhibitory receptors, thereby unblocking an immune response.  PD-1 receptors 

work to evade the immune response by interrupting the interactions of PD-1 with 

T and B lymphocytes, thereby having anti-tumour functions (Simeone and 

Ascierto, 2012).  Such targeted therapies along with conventional therapies are the 

most promising treatment for metastatic melanoma. As understanding of 

perturbations of signal transduction pathways advances, there will be greater 

progress in therapies targeting particular mutations and irregularities of those 

pathways.  

1.1.4 Signal Transduction and Malignant Melanoma 

Malignant melanoma is characterized by frequent metastasis; however, specific 

changes that cause this malignancy have yet to be characterized (Damsky et al., 

2011). Several oncogenes, tumour suppressor genes, and pathways are implied; 

for example, NRAS, which activates RAF kinases in response to growth factors is 

overactive in 15–20% of melanomas (Padua et al., 1984; Van t’Veer et al., 1989). 

P16 (INK4A) tumour suppressor expression is also lost by mutation, deletion, or 

transcriptional silencing of the CDKN2A locus in many melanomas (Yang et al., 

2005). BRAF mutations are often found alongside P16 mutations. Phosphatase 

and tensin homolog (PTEN) mutations and deletions are also present in some 

http://www.cancer.gov/cancertopics/pdq/
http://www.cancer.gov/cancertopics/pdq/treatment/melanoma/HealthProfessional/Page9#Reference9.6


7 

melanomas, coinciding with BRAF mutations (Yang et al., 2005; Daniotti et al., 

2004; Curtin et al., 2005). Since these two mutations often occur together PTEN 

loss reflects the importance of two RAS-effector pathways in melanoma (Flaherty 

et al., 2012).  Another genomic aberration associated with melanoma is the 

amplification of microphthalmia-associated transcription factor (MITF) (Flaherty 

et al., 2012). The occurrence of several different mutations implies that several 

signal transduction pathways are perturbed in melanoma. 

Melanoma was one of the first cancer types associated with β-catenin/Wnt 

signaling mutations (Rubinfeld et al., 1997). However, the exact role of these 

mutations in melanoma has remained elusive (Lucero et al., 2010). Mutations in 

the Wnt signaling pathway that result in over-activation of β-catenin signaling are 

readily observed in melanomas, but the functional implications are unclear 

(Damsky et al., 2011). This project focuses on the implications of the β-catenin 

signaling pathway on melanoma progression.  

Several in vivo and in vitro models have been established to study the 

implications of a deregulated Wnt signaling pathway in melanoma. Overactive β-

catenin signalling along with a constitutively active phosphoinositide-3-kinase 

(PI3K) pathway has shown facilitation of melanoma development in a mouse 

model (Damsky et al., 2011).   

The high incidence and low survival rate of melanoma make it an important area 

of study. Elucidation of the changes and dysregulation occurring in signal 

transduction pathways that leads to metastasis will allow identification of 
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molecular targets and thus efficacious therapies to treat metastatic disease (Smith 

et al., 2008).  

Mutations in several growth regulatory pathways have been described in 

melanoma studies (Larue and Delmas, 2006), which through many mechanisms 

result in metastasis.  Of particular interest to this project are mutations in the 

Wnt/β-catenin pathway as well as the PI3K pathway.  Elevated levels of nuclear 

β-catenin are observed in ~30% of human melanomas (Larue and Delmas, 2006). 

The PI3K pathway is likely the most frequently deregulated pathway in 

melanoma, although the mechanism underlying the over-activation in most cases 

remains largely elusive (Lau and Ronai, 2011). 

1.2 β-catenin 

1.2.1 β-catenin: Structure and Function 

β-catenin is a 781 amino acid protein  encoded by the CTNNB1 gene. It is highly 

conserved throughout species and shares 67% homology to the Drosophila 

Armadillo protein (Shapiro et al., 2009).  β-catenin’s primary structure is 

composed of two terminal domains; the N-terminal (NH2) and C-terminal 

(COOH) domains, and a central domain (Figure 1.3).  β-catenin’s structure allows 

binding of specific partners at distinct sites across the terminal domains and the 

central domain. The β-catenin central Armadillo (ARM) domain, characteristic of 

the Armadillo/catenin family of proteins, is distinguished by a positively charged 

groove of densely packed  α-helices (Huber et al., 1997) comprising of 12 

imperfect repeats of 42 amino acids (total 550 amino acids) (Xing et al., 2008; 
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Huber et al., 1997). 

  

Figure 1.3: Schematic showing β-catenin structure in terms of binding to its 

partners. N-terminal shows sites of phosphorylation, marking β-catenin for 

ubiquitination and degradation.  Armadillo repeats bind with several β-catenin 

partners such as; APC, TCF/LEF-1 and E-cadherin.  C-terminal domain presents 

the transactivation domain of β-catenin (Hoover, B. A., 2005). 

 

The crystal structure of the ARM repeat domain shows that each repeat consists of 

three helices, H1, H2, and H3 (Huber et al., 1997) and the repeats pack against 

one another to form a positively charged superhelix. This positively charged 

groove is ideal for β-catenin to bind its various negatively charged 

partners.  When these interactors are post-translationally modified by 

phosphorylation, effectively increasing the magnitude of the negative charge, β-

catenin’s binding affinity with these interactors is augmented (Huber et al., 2001). 

The ARM domain folds into a single structural unit where its surface serves to 

bind the majority of β-catenin’s partners, such as; cadherins, TCF/LEF 

transcription factors and APC (Xing et al., 2008).  

The N-terminal domain (NTD) and C-terminal domain (CTD) of β-catenin are 
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less evolutionarily conserved relative to the central ARM domain. The NTD is 

important for the stability of the cytoplasmic levels of β-catenin while both the 

NTD and CTD are significant in β-catenin’s role as a co-activator/transactivator 

of TCF/LEF transcriptional activity. The established role of the CTD in recruiting 

factors required for regulation of gene expression is dependent on the interaction 

with cellular partners at the proximal structured elements of this region, such as 

helix C, which directly follows the 12
th

 arm repeat (Maher et al., 2010). The 

functions for the more distal unstructured region of the CTD remain poorly 

defined. Furthermore, the acidic charge distribution of the NTD and CTD creates 

a tertiary structure that brings the NTD and CTD in close proximity to the largely 

basic ARM domain. Since the NTD and CTD are highly negatively charged and 

the structural groove of the ARM domain is highly positively charged it is likely 

that both the NTD and CTD tails of β-catenin interact with the groove of the 

ARM domain through non-specific charge interactions (Xing et al., 2008).  The 

NTD and CTD serve as intramolecular chaperones of the ARM repeat domain 

which increases the binding specificity and prevents the self-aggregation of the 

armadillo repeat domain region (Xing et al., 2008). Post-translational 

modifications, such as phosphorylation pattern which change the charge of β-

catenin may further result in conformational change or stabilization of the N 

and/or C tails causing a regulation in binding specific interactors (Xing et al., 

2008). 

The CTD also plays a role in the interaction of β-catenin with a number of nuclear 

factors including; TATA Binding Protein (TBP) (Hecht et al., 1999), Sox 17 and 
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13, histone deacetylase, SMAD4, the retinoic acid receptor, the CREB binding 

protein and related proteins (Piedra et al., 2001) as well as transcriptional 

inhibitors such as ICAT, and Chibby (Barker et al., 2001; Hecht et al., 2000). 

At Cellular Membrane 

At the cell membrane, β-catenin is an important component of the adherens 

junctions, where it links E-cadherin and α-catenin to the actin cytoskeleton. The 

adherens junction is essential in maintaining the seamless cell-cell interaction of 

the epithelial phenotype and provides the cell with structural integrity. The 

binding of E-cadherin to β-catenin spans the entire ARM region (Huber et al., 

2001) although the actual sites of interaction are concentrated within ARM 

repeats 4-12 (Hulsken et al., 1994)). Tyrosine (Tyr) modification of β-catenin 

regulates the disassembly of adherens junctions and is regulated 

by phosphorylation of Tyr-654 of the final armadillo repeat which leads to 

decreased binding of E-cadherin and β-catenin (Roura et al., 1999).  A possible 

mechanism by Piedra and collegues suggests that this may be due to decreased 

interaction between ARM and CTD with the phosphorylation of Tyr-654 (Piedra 

et al., 2001). Interestingly, this phosphorylation does not affect the association of 

nuclear factors such as TBP (binding site 639-729), nor TCF-4 (T-cell factor 4) at 

the CTD. This supports the fact that the CTD is an integral regulatory component 

which facilitates the interactions of β-catenin with E-cadherin (Piedra et al., 

2001).  

 



12 

In the Cytoplasm and Nucleus   

While β-catenin linked to E-cadherin is deemed to be highly stable, the cytosolic 

and nuclear pools are quite dynamic. The subcellular localization of β-catenin is 

largely regulated by direct competition of β-catenin’s binding to E-cadherin and 

TCF. The N-terminal of TCF forms extensive contacts at ARM 3-9 of β­catenin 

which bears structural similarities to the E-cadherin-β-catenin interaction. To this 

end, overexpression of cadherins has been shown to inhibit the transcriptional 

activity of β-catenin (Gumbiner, 2000). Furthermore, binding to cadherins can 

effectively sequester β-catenin within the plasma membrane/cytoplasm and inhibit 

its signaling efficacy (Gottardi et al., 2001).  

1.2.2 β-catenin / Canonical Wnt Pathway   

β-catenin is a dual function protein. It plays a role in intercellular adhesion and in 

regulating gene expression. The latter role is associated with its oncogenic 

properties. Its second role is as a transcriptional co-activator of the canonical Wnt 

signaling pathway. The Wnt signal transduction pathway is an essential regulatory 

pathway that directs cell proliferation, cell polarity and cell fate determination 

(MacDonald et al., 2009).  The following figure depicts both roles of β-catenin 

(Figure 1.4). 
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Figure 1.4: β-catenin as a dual-function protein. Left Panel: Shows the role of 

β-catenin in the canonical Wnt signaling pathway, serving as a transcriptional co-

activator of TCF/LEF target genes. Right panel: Depicts β-catenin’s role in cell-

cell adhesion serving as a link between cadherins and actin cytoskeleton.  

 

β-catenin’s fate as an adhesion molecule or a transcriptional activator is 

determined by its intracellular stability. The Wnt pathway largely regulates the 

intracellular stability of β-catenin.  

Pathway Inactivation 

In the absence of extracellular Wnt factors, free cytoplasmic β-catenin levels are 

regulated by a multi-protein destruction complex comprising the scaffold protein 

Axin, the tumour suppressor Adenomatous Polyposis Coli (APC), Glycogen 

Synthase Kinase-3β (GSK3β) and Casein Kinase-1 (CK-1). Axin is the 

scaffolding protein at the center of the destruction complex, which binds and 

brings into proximity the other components.  APC plays a key role in the 
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regulation of β-catenin turnover since cells containing a mutant APC have 

elevated β-catenin levels. GSK3β binds a central region within Axin, with a single 

Axin helix fitting into a hydrophobic groove in the C-terminus of GSK-3β, 

leaving the GSK3β active site free to phosphorylate β-catenin (Dajani et al., 

2003).  CK1 binds Axin and phosphorylates β-catenin at Ser45 in order to prime 

GSK3β phosphorylation at the more N-terminal residues (Ser33, Ser37 and 

Thr41) (Amit et al., 2002; Liu et al., 2006; Kimelman 2006). This 

phosphorylation creates a site for ubiquitination of β-catenin by E3 ubiquitin 

ligase β-transducin repeat-containing protein (β-Trcp), resulting in β-catenin’s 

subsequent proteosomal degradation (MacDonald et al., 2009). 

Pathway Activation 

Wnts are secreted glycoproteins that bind to frizzled seven-transmembrane 

spanned receptors.  There are 19 known Wnt ligands, three of which are known to 

stimulate the canonical Wnt pathway in humans, namely Wnt 1, 3 and Wnt8 

(MacDonald et al., 2009). Particular Wnt ligands are responsible for embryonic 

development in several different species.  A complete listing of the particular 

Wnts is described by Dr. Roel Nusse’s laboratory 

(http://www.stanford.edu/group/nusselab/cgi-bin/wnt/). Wnt ligands bind to 

receptors which are coupled with heterotrimeric G proteins.  In the canonical 

pathway, LRP 5/6, low-density lipoprotein receptors, are co-receptors of Wnt 

ligands.  Upon binding of Wnt ligands, the activated Fz recruits the intracellular 

protein dishevelled (Dvl), which in turn recruits the axin–GSK3β complex to the 

http://www.stanford.edu/group/nusselab/cgi-bin/wnt/
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plasma membrane. Wnt-induced LRP6 phosphorylation is a key event in receptor 

activation (Tamai et al., 2004). Formation of this complex promotes the initial 

phosphorylation of LRP6 (Zeng et al., 2005, 2008). These phosphorylated sites 

serve as docking sites for Axin complex (Davidson et al., 2005; Tamai et al., 

2004., Zeng et al., 2005) thereby recruiting Axin to LRP6 upon Wnt stimulation 

(Mao et al., 2001).  

Further phosphorylation of LRP6 by CK-1 (Davidson et al. 2005; Zeng et al. 

2008) results in the clustering of various proteins—including LRP6, Dvl, and 

Axin—to form what has been referred to as the LRP6 signalosome (Bilic et al. 

2007). Formation of this complex from the phosphorylation of LRP5/6 leads to 

inhibition of the “destruction complex”. De-activation of the destruction complex 

results in stabilization of β-catenin within the cytoplasm and its targeted entry into 

the nucleus, where it binds to the T-cell factor (TCF)/Lymphoid Enhancer Factor 

(LEF) family of transcription factors leading to transcriptional activation of Wnt 

target genes (Logan and Nusse, 2004). 

The following figure represents the canonical Wnt signaling pathway, in the 

presence and absence of Wnt signals (Figure 1.5).   
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Figure 1.5: The Canonical Wnt Signaling pathway. Left panel: In the absence 

of Wnt ligands, β-catenin is phosphorylated by the destruction complex and 

degraded in the cytoplasm.  Right panel: In the presence of Wnt ligands, the 

destruction complex is inactivated. Thereby allowing β-catenin to accumulate and 

further activated TCF target Wnt genes.  (Clevers, 2006) 

 

Within the nucleus, the CTD of β-catenin interacts with the TCF family of 

proteins, which anchor β-catenin to specific promoters for the transcription of 

Wnt target genes (Xing et al., 2003).  Many of these target genes, such as cMyc, 

Cyclin D1, vascular endothelial growth factor-a (VEGFa) and matrix 

metalloproteases (MMPs) have implications in cell survival, cell proliferation, 

growth, cell cycle progression and invasion along with several others that can be 
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found on the following page: http://www.stanford.edu/group/nusselab/cgi-

bin/wnt/target_genes.  Since the canonical Wnt pathway regulates transcription of 

genes involved in cell cycle, growth and survival, uncontrolled activation of the 

pathway is highly significant in disease pathophysiology.  Constitutive activation 

of the canonical Wnt pathway results in positive regulation of cell survival and 

negative regulation on cell death/apoptosis. These changes in cellular properties 

associated with elevated cellular β-catenin are associated with poor prognosis in 

many human cancers including adenocarcinoma of the prostate and breast as well 

as melanoma (MacDonald et al., 2009). 

1.2.3 Active β-catenin 

Upon Wnt activation, GSK3β associated with the axin scaffold is inhibited 

allowing β-catenin to evade degradation. The cytoplasmic accumulation of β-

catenin is thought to ultimately result in its translocation to the nucleus. However, 

this translocation alone is not sufficient for β-catenin/TCF transcriptional activity 

(Mo et al., 2000; Staal et al., 2002). Staal and colleagues demonstrated that the 

increased half-life of β-catenin upon Wnt signaling was not a direct consequence 

of its stability (Staal et al., 2002). The phosphorylation status of the NTD of β-

catenin upon Wnt signalling independently affected the signaling properties and 

half-life of β­catenin. In fact, it is not so much the accumulation of β-catenin per 

se but the dephosphorylation of specific amino acids at the NTD of β-catenin that 

is important in generating a transcriptionally active form of β-catenin (Staal et al., 

2002; Maher et al., 2010).  Maher and colleagues demonstrated that the cadherin 

http://www.stanford.edu/group/nusselab/cgi-bin/wnt/target_genes
http://www.stanford.edu/group/nusselab/cgi-bin/wnt/target_genes
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free form of β-catenin unphosphorylated at S37 and T41 (transcriptionally active- 

β-catenin (ABC)) is largely monomeric and located mainly within the nucleus. 

Active-β-catenin is found to be intrinsically more transcriptionally active than that 

of the non-phosphorylated β-catenin (Maher et al., 2010). The predominant 

nuclear accumulation of the active-β-catenin is due to its low concentration within 

the cell, which renders it less likely to be bound by the cadherins and α-catenin 

(Maher et al., 2010). Furthermore, β­catenin phosphorylated at three sites; S33, 

S37 and T41 is found to be more retained within the cytosol, as well as subject to 

increased nuclear export.  Maher and colleagues also established that β-catenin 

phosphorylated at T41/S45 strongly co-localizes with active-β-catenin within the 

nucleus and is largely a cadherin-free form of β-catenin. This suggests that the 

nuclear form of β-catenin phosphorylated at Ser45 may also be a signaling/active 

form of β-catenin. Referring back to the Wnt pathway, β-catenin is 

phosphorylated at Ser45 by CK1 in a priming mechanism, allowing subsequent 

phosphorylation by GSK3β at Ser 33,37 and T41 (Liu et al., 2002). Therefore, it is 

possible that the priming of β-catenin at S45 by CK1 may be a temporal 

regulatory mechanism that couples β­catenin phosphorylation and degradation to 

β-catenin nuclear signaling.  Since β-catenin phosphorylated at the three sites of 

phosphorylation by GSK3β does not completely overlap with β-catenin 

phosphorylated at serine 45 and threonine 41, suggests a possible spatial 

separation of the two kinase activities of GSK3β and CK1 (Maher et al., 2010).  

In addition to serving as a priming site for phosphorylation, the phosphorylation at 

Serine 45 may facilitate the phosphorylation pattern of β-catenin making it 
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transcriptionally active. However, this has to be investigated further as this idea is 

yet primitive (Maher et al., 2010).  

High levels of nuclear phospho-β-catenin are associated with significantly worse 

overall survival (Lopez-Bergami et al., 2008). Using a phosphorylation specific 

antibody Kielhorn and colleagues determined that nuclear β-catenin staining was 

more prevalent in advanced melanomas (Kielhorn et al., 2003). This may be due 

to the specific phosphorylation pattern of β-catenin having specificity for TCF 

thereby allowing transcription of cancer causing genes.  

1.2.4 Localization 

A well-defined feature of active-β-catenin is that it is located exclusively in the 

nucleus (Staal et al., 2002).  However, the mechanism of the nuclear localization 

of β-catenin is currently unknown. β-catenin does not contain a nuclear 

localization sequence (NLS) nor utilize the importin transport machinery 

(Krieghoff et al., 2006).  However, nuclear export of β-catenin is established to be 

mediated by an intrinsic export signal and its interaction with APC. The retention 

of β-catenin within the nucleus is thought to be due to its interaction within the 

nucleus with TCF, BCL-9 and pygopous (Krieghoff et al., 2006). However, these 

interactions are not a prerequisite for β-catenin’s localization into the nucleus as it 

has been demonstrated that the protein can successfully localize to the nucleus in 

the absence of these interactions.  Overexpression of LEF/TCF has been shown to 

lead to β-catenin’s accumulation in the nucleus (Behrens et al., 1998; Simcha et 

al., 1998). It has been suggested that the nuclear import of the β-catenin/LEF 
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complex is mediated by the NLS provided by LEF/TCF proteins. However, 

elevations in nuclear levels of β-catenin are observed even when the levels of 

LEF/TCF are low (Simcha et al., 1996, 1998). Therefore, mechanisms 

independent of LEF/TCF are likely to be important for regulating the nuclear 

import of β-catenin in vivo (Zhurinsky et al., 2000). Two groups have 

independently demonstrated a direct importin-independent nuclear import of β-

catenin in a semi-permeabilized cell model (Fagotto et al., 1998; Yokoya et al., 

1999), which could be mediated by the interaction between β-catenin and the 

Nup1 nucleoporin (Fagotto et al., 1998). However, to date no mandatory 

chaperone essential to the nuclear transport of β-catenin has been identified. 

In summation, it is within the nucleus that β-catenin is specifically active-β-

catenin and has its oncogenic role as it serves as a transcriptional co-activator of 

cancer promoting target genes. 

1.2.5 β-catenin & Cancer 

In carcinomas, the loss of β-catenin-E-cadherin complexes is an important step in 

disease progression. Loss of organization by disruption of epithelial complexes at 

adherens junctions is a common feature of invasiveness. Furthermore, 

deregulation of the Wnt signaling pathway at various levels, often leads to 

metastasis and cancer progression as Wnt target genes are responsible for 

controlling the regulation of cell cycle, proliferation and inhibition of 

apoptosis.  A common effect of deregulated/activated Wnt pathway components is 

an over-expression of β-catenin. Many common cancers including, colorectal 
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cancer (CRC) (Polakis, 2000), hepatocellular carcinoma (Armengol et al., 2009), 

adrenal cancers (El Wakil and Lalli, 2011), breast cancer (Zardawi et al., 2009), 

Wilm’s tumour (Tycko et al., 2007), several hematological malignancies (Ge and 

Wang, 2011) and melanomas (Larue and Delmas, 2006) have been found to have 

a deregulated Wnt pathway. Some of the causative factors of this deregulation are 

the loss of function mutations in APC or Axin (Laurent-Puig and Zucman-Rossi 

2006), or mutations in the amino acids at the NTD of β-catenin which interfere 

with its phosphorylation and proteosomal degradation (Polakis, 2000). Truncating 

mutations in Axin cause nuclear accumulation of β-catenin in hepatocellular 

carcinomas (Satoh et al., 2000). Furthermore, APC is mutated in 85% of familial 

and sporadic CRCs (Neufeld et al., 2000).  Mutations have also been found to 

occur in exon 3 of the β-catenin gene, affecting sites of phosphorylation by 

GSK3β, making β-catenin refractory to degradation (Morin et al., 1997). 

The result of mutations in the Wnt pathway is an elevation of total cellular levels 

of β-catenin and the activation of β-catenin dependent TCF/LEF transcription 

which mediates its oncogenic effect in various tissues. However, high 

transcriptional activity of β-catenin in certain disease conditions cannot be 

attributed to mutations in β-catenin or components of the Wnt pathway.  In 

support of this view point, β-catenin, recently identified as a candidate gene for 

melanoma progression, was found to be mutated in 5% of melanomas but 

constitutively active (nuclear expression and transcriptional activity) in 40-50% of 

melanomas (Larue and Delmas, 2006). This suggests the involvement of alternate 

regulatory mechanisms/pathways in controlling the oncogenic/transcriptional 
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properties of β-catenin. Since active-β-catenin is the transcriptionally relevant 

form of β-catenin, the pathway responsible for the generation of this form of β-

catenin needs to be investigated.   

1.2.6 β-catenin in Melanoma 

Wnt-β-catenin signaling is up regulated in melanoma, and approximately 30% of 

melanoma exhibit increased nuclear β-catenin (Larue and Delmas, 2006). The 

high frequency of nuclear accumulation is not all attributable to mutations in the 

Wnt pathway.  The discrepancy between these datasets prompts the investigation 

of putative mechanisms responsible for the excessive accumulation of nuclear β-

catenin. The regulatory mechanism that regulates β-catenin’s transcriptional 

activity of Wnt target genes needs further investigation.  Determining how this 

nuclear pool of β-catenin is regulated by the Wnt pathway alongside other 

pathways to orchestrate the transcription of target genes is an area of study that 

needs much anticipated investigation. This would be a leap into the study of 

melanoma formation and tumour progression (Larue and Delmas et al., 2006).  

A thorough understanding of the pathway will provide a look into cell specific 

molecular mechanisms involved in initiation and progression of melanoma.  The 

goal of this study is to understand regulation of the β-catenin pathway in 

transforming melanocytes to malignancy. 

β-catenin expression in melanoma has been shown to be different than many other 

cancers. Several studies using melanoma cell lines show a decrease in nuclear and 

cytoplasmic staining in malignant cell lines compared to a benign nevus stage 
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(Kageshita et al., 2001). This creates contradiction of β-catenin’s expression 

pattern in other cancers where β-catenin levels are elevated as the cancer 

progresses, such as hepatoma, gastric and bladder cancers (Kageshita et al., 2001).  

Little is known specifically about changes in active-β-catenin in melanoma 

progression, the pool of β-catenin relevant in the transcription of genes for the 

proteins that promote metastasis.  

Demunter and colleagues showed that post-translational modifications of β-

catenin rather than mutations in the CTNNB1 gene itself are responsible for the 

altered distribution of β-catenin in the cell (Demunter et al., 2002). This study also 

draws the conclusion that loss of membranous β-catenin is not associated with its 

nuclear accumulation.  This is another key point that indicates that two pools may 

be regulated by two different pathways.   

Although, overall nuclear and cytoplasmic staining is reduced in the progression 

of primary to metastatic cells, phosphorylated β-catenin levels are increased.  The 

fact that β-catenin serves many roles in the cell and has variability in its 

phosphorylation pattern may be an explanation as to why many studies measuring 

overall levels of β-catenin show an inverse relationship in melanoma progression 

and β-catenin levels.  The fact that phospho-β-catenin is more prevalent in 

metastatic melanomas is consistent with the fact that β-catenin serves different 

roles and functions in a cell (Kiehlhorn et al., 2003).  Kiehlhorn and colleagues 

suggests that phosphorylation specific antigen of β-catenin is correlated with a 
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better marker of disease progression than overall levels, which are masked with 

different pools of β-catenin.  

Although the canonical Wnt pathway is well characterized in the regulation of 

cellular β-catenin levels, several investigations suggest that β-catenin may also be 

regulated by other signal transduction pathways via potential cross talk. In 

particular, the phosphotidylinositol-3 kinase (PI3K) pathway has been 

significantly implicated in the regulation of β-catenin (Persad et al., 2001). 

However, there are divergent views on the role of the PI3K pathway in the 

regulation of β-catenin. The regulation of β-catenin by the two pathways may be 

through direct crosstalk via a common component. Since GSK3β is a common 

component of both pathways, several studies suggest that the inactivation of 

GSK3β by AKT links the PI3K pathway to the Wnt pathway in a bipartite 

mechanism which subsequently regulates the cytoplasmic levels of β-catenin (Pap 

and Coopers, 1998).  However, other studies propose that the Wnt and PI3K 

pathways remain distinct and variably regulate alternate pools of GSK3β (Ng et 

al., 2009).   

The second way the PI3K/PTEN may regulate β-catenin is through phosphatase 

activities, regulating the dephosphorylation pattern of β-catenin which will be 

discussed later.  This project focusses on the interplay between the Wnt and PI3K 

pathways in the regulation of β-catenin and the subsequent effect of this 

regulation on tumourigenesis and melanoma progression. 
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1.3 PI3K Pathway  

1.3.1 Overview 

The PI3K pathway is widely implicated in tumourigenesis. It serves a role in 

altering cellular functions in response to extracellular signals, and it is a central 

integrator of metabolism, survival and growth signals (Carracedo and Pandolfi, 

2008).  With respect to metabolism, various studies have shown the  PI3K 

pathway has implications in insulin sensitivity (Katso et al., 2001).  

There are four members identified in class 1 PI3Ks, divided by their mechanism 

of activation.  Class 1A PI3K is comprised of a heterodimeric complex 

comprising of a regulatory subunit p85α and any of the three catalytic subunits; 

p110α, p110β and p110δ.  Several membrane receptors, in particular G-protein 

coupled receptors, cytokines and those with tyrosine kinase activity activate class 

1 PI3Ks.  The binding of insulin like growth factor-1 (IGF-1) to its cognate 

receptor (IGF1-R) leads to activation of the receptor and autophosphorylation on 

tyrosine residues.  This further leads to the recruitment of PI3K to the membrane 

via an adaptor molecule (Fresno Vara et al., 2004).  

Upon recruitment to the plasma membrane, PI3K phosphorylates phosphoinositol 

bis phosphate (PIP2) at the D3 position of the inositol ring generating 

phosphoinositol tris phosphate (PIP3).   PIP3 serves to recruit proteins containing 

the pleckstrin homology (PH) domain such as the serine-threonine kinases; AKT 

/protein kinase B (PKB), and phosphoinositide-dependent kinase 1 (PDK-1) to 

the  plasma membrane.  AKT is a central protein involved in normal and 
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pathological signaling.  AKT gene amplification is found in cancers such as 

gastric, ovarian, pancreas and stomach cancers (Engelman et al., 

2006).  Structurally, AKT contains an N-terminal PH domain, a central catalytic 

domain and a C-terminal regulatory region.  The PH domain binds specifically to 

D3-phosphorylated phosphinositides with high affinity (Fresno Vara et al., 

2004).  Upon recruitment to the plasma membrane, AKT is phosphorylated at two 

sites, specifically at Thr 308 by phosphoinositide dependent kinase 1 (PDK1) and 

Ser 473 by phosphoinositide dependent kinase 2 (PDK2).  However, the exact 

mechanism of these phosphorylations is yet unclear (Fresno Vara, et al., 2004).  

Phosphorylation of AKT leads to its activation whereby it phosphorylates key 

downstream effectors.  Of particular interest to this project is the inactivation of 

GSK3β, by its phosphorylation (Zhao and Vogt, 2008).  AKT, through the 

phosphorylation of these target proteins, fulfills a role as a key regulator of a 

variety of critical cell functions including glucose metabolism, cell proliferation 

and survival (Carracedo and Pandolfi, 2008).  

The following figure is a simplified look at components of the PI3K pathway that 

are of interest to this project (Figure 1.6).  
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Figure 1.6: Simplified view of PI3K pathway.  PIP2 at the plasma membrane is 

converted to PIP3 by PI3K and is negatively regulated by PTEN.  This leads to 

phosphorylation of AKT by PDK1 which leads to phosphorylation of GSK3β. 

Kinase activity of PDK1 is opposed by phosphatase activity of PP2A.  

 

Components of this pathway have been implicated in tumourigenesis and cancer 

progression at many levels such as excessive growth signals, insensitivity to 

growth inhibitory signals, evasion of apoptosis, limitless replicative potential, 

sustained angiogenesis, and tissue invasion and metastasis (Hanahan and 

Weinberg, 2000).  

PI3K gene amplifications are frequently seen in ovarian and gastric tumours, and 

mutations of the pathway are common in breast, colorectal cancer and melanoma 

(Bader et al., 2005; Aziz et al., 2009).  The most frequent mutations of PI3K are 

in its kinase domain and helical domain causing different impacts on PI3K targets 

(Zhao et al., 2008).  Deregulation of the pathway is usually caused by oncogenic 
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activation of receptor tyrosine kinases.  Alternatively, amplifications of genes 

encoding the catalytic unit of PI3K, and activating mutations in the regulatory 

subunit of PI3K, also cause excessive activation of the pathway (Zhao et al., 

2008). 

1.3.2 PTEN 

PTEN (phosphatase and tensin homologue) is one of the most frequently lost or 

mutated tumour suppressors in cancer and is generally associated with advanced 

and metastatic disease (Zhang et al., 2012).  PTEN is both a lipid and protein 

phosphatase. The significance of its protein phosphatase activity remains 

unknown and represents a gap in our understanding of the function of this 

important regulator of cell signaling (Zhang et al., 2012). A very recent study by 

Zhang and colleagues suggests that PTEN’s protein phosphatase role is an auto-

dephosphorylation event, thus having implications in PTEN’s activity of itself 

(Zhang et al., 2012).  The best known function of PTEN is as a lipid phosphatase, 

hydrolysing phosphoinositides at position 3’ (Strambolic et al., 1998). PTEN can 

dephosphorylate the D3 position of PIP3 thus antagonizing signaling through the 

PI3K pathway (Maehama et al., 2001).    PTEN can also dephosphorylate Tyr as 

well as Ser and Thr residues (Myers and Tonks, 1997). The lipid phosphatase role 

of PTEN effectively controls the activity of the PI3K pathway in regulating cell 

survival and growth via signaling from growth factor receptors and components of 

the extracellular matrix (Stambolic et al., 1998).  Loss of PTEN results in 

suppression of apoptosis (Stambolic et al., 1998) and accelerated cell cycle 
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progression (Ramaswamy et al., 1999).  The loss of PTEN is observed in many 

cancers (Li and Sun, 1997) and further germline alterations are associated with a 

group of syndromes known as PTEN hamartoma tumour syndromes, which are 

characterized by the presence of developmental and neurological defects and 

cancer susceptibility (Carracedo and Pandolfi, 2008).  Loss of PTEN results in 

overactive AKT, which induces proliferation and promotes survival by inhibiting 

apoptosis (Datta et al., 1997). 

 

1.3.3 PI3-Kinase and Melanoma 

Deregulation of PI3K pathway is used by tumours to attain growth advantage and 

survival (Sansal and Sellers, 2004).  The PI3K/PTEN pathway is one of the most 

deregulated pathways in melanoma.  PTEN mutations are found in 30-40% of 

melanoma cell lines and 5-20% of primary melanomas (Guldberg et al., 2007; 

Tsao et al., 1998).  Loss of expression or function of PTEN is due not only to 

mutation and allelic loss (Guldberg et al., 2007; Tsao et al., 1998), but functional 

inactivation by epigenetic silencing (Wu et al., 2003) or altered subcellular 

localization (Trotman et al., 2003).  Absence or inactivity of PTEN deregulates 

the PI3K pathway and activates the downstream effector, AKT via its 

phosphorylation at two critical amino acids: Serine (Ser) 473 and Threonine (Thr) 

308 (Chudnovsky et al., 2005). The resulting constitutive activation of AKT 

induces a sustained proliferative and anti-apoptotic cellular response. The 

importance of the PI3K pathway in malignant melanoma is underscored by the 

fact that over 60% of melanomas exhibit activated AKT (Dhawan et al., 2002). 
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A deregulated PI3K pathway can result in several cellular processes being 

upregulated, such as regulation of cellular growth, metabolism and proliferation. 

This is through downstream effectors such as Cyclin D3, VEGF, NFkB and 

MMPs which regulate cell cycle, angiogenesis, inflammation and invasiveness 

respectively (Lau and Ronai, 2011).  Loss of the G1-S phase checkpoint is often 

seen in melanoma and allows cells to pass into the stage of cell proliferation 

without control (Sauroja et al., 2000).   The role of the PI3K pathway in 

melanoma has been studied extensively and is a key player in melanoma 

progression.  Ectopic expression of PTEN has been demonstrated to suppress 

melanoma cell growth and melanoma tumourigenicity and metastasis (Lopez-

Bergami et al., 2008).  A positive correlation has been determined in melanoma 

progression and phosphorylated/ activated AKT levels.  Levels of phospho-AKT 

correlate inversely with disease-free survival and are associated with poor 

prognosis (Lopez-Bergami et al., 2008). 
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(See appendix A for chemical list and appendix B for buffer recipes) 

2.1 Cell Culture 

2.1.1 Plasmid Preparation 

Bacterial transformation was carried out using E.Coli.  Competant E.Coli  (BL21 

DE3 purchased from New England Biolabs Product #C2527H) cells were thawed 

on ice for 15 minutes following which the plasmid (100ng) was added to the 

bacteria and incubated on ice for 30 minutes.  The bacterial-plasmid mix was 

heated at 42
o
C for one minute then cooled off on ice.  950µl of LB buffer was 

added to the heat shocked samples and incubated at 37
o
C for one hour, after 

which bacterial cells were spread onto LB agar plates with ampicillin in a sterile 

manner.  The plates were incubated overnight at 37
o
C. 

A colony was isolated from the plate and bacteria was cultured in LB Buffer with 

kanamycin at a final concentration of 50µg/ml or Ampicillin 100µg/ml depending 

on the antibiotic resistance of the plasmid.  A single colony off the agar plates was 

first grown in 5ml of LB buffer with antibiotic.  Tubes are incubated in 37
o
C 

shaker at 200rpm overnight.  A 1ml aliquot was then transferred to 50ml of LB 

buffer with antibiotic and continued to incubate in shaker. They were then grown 

once again overnight and then transferred to a volume of 100ml LB buffer with 

antibiotic.   

Plasmids were then ready for purification using QIAGEN Plasmid Purification 

Kit Maxi (Catalogue # 12963)/Midi (Catalogue # 12943) Prep as per 
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manufacturer’s protocol. Plasmid concentration was then measured using a mini 

spectrophotometer. 

2.1.2 Restriction Digest and Agarose Gel Electrophoresis 

Plasmid integrity was analyzed with a restriction digest and analyzed on an 

agarose gel.  The TOPflash and FOPflash vectors were cut using Bam H1 (R0136 

New England Biolabs) and Not I (R0189 New England Biolabs) restriction 

enzymes.  The mix contained ddH2O, DNA, 10X enzyme buffer (Buffer 3 from 

New England Biolabs) and 1µl of either or both enzymes.  While the restriction 

digest incubated for two hours, a 1% Tris-Borate-EDTA (TBE) agarose gel was 

prepared with 1:10,000 SYBR dye (Invitrogen S33102).  Following incubation 

6X DNA loading dye was added to samples to bring to equal volumes then was 

loaded onto the gel. Samples were electrophoresed at 100V until dye reached 2/3 

way along gel. Gel was viewed over UV light and imaged with Kodak Imager. 

2.1.3 Cell Lines 

The HEMa-LP cell line represents a primary human epidermal melanocytic cell 

line and was isolated from adult skin (Cascade Biologics
TM

).  Human Epidermal 

Melanocytes Lightly Pigmented (HEMa-LP) (c-024-5c) were grown in Medium 

254 (M-254-500) supplemented with 10% Human Melanocyte Growth 

Supplement (HMGS) (s-002-5) and 10µg/ml gentamicin and 0.25µg/ml 

amphotericin B (R-015-010).   
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WM-35 cells, which were obtained from American Type Culture Collection 

(ATCC) (Special Wister Collection) were established from a primary superficial 

spreading melanoma in the radial growth phase taken from the scalp and neck of a 

patient from Sunnybrook Health Sciences Center, Toronto, Ontario from Dr. 

Robert Kerbel. These cells were grown in Hyclone’s RPMI-1640 medium 

(SH30027.01) containing 10% Fetal Bovine serum and 1% 

penicillin/streptomycin (Invitrogen).  WM-793B cells were also obtained from 

ATCC (Special Wister Collection) and were isolated from skin taken from a 

melanoma in the vertical growth phase lesion obtained from the sternum of a 

patient. These cells were grown in the same medium as WM-35 cells.  A2058 

cells, metastatic melanoma cell line, was obtained from the lymph node of a 

patient also obtained from ATCC.  A2058 cells were cultured in Dulbecco’s 

Modified Eagle Medium (DMEM++-) High Glucose 1X (Gibco 11995) with 10% 

Fetal Bovine Serum and 1% Penicillin/streptomycin.  All cells were incubated in 

5% CO2 and 37
o
C. Cell growth and confluency was checked every few days, and 

cells were passaged prior to 90% confluency. 

2.1.4 Cell Passage 

Cell medium was removed and cells were washed with 1X phosphate buffered 

saline (PBS) and the PBS was removed. 350µl of 0.25% Trypsin-EDTA was 

added to the cells, and the plate was incubated in cell incubator for one minute. 

After which cell medium containing fetal bovine serum (FBS) was added to the 

plate, to de-activate trypsin activity.  An aliquot of cells was passed onto a new 
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plate with fresh growth medium.  Fresh medium with 10%FBS and 1% 

Penicillin/Streptomyosin brought up the total volume to 10ml for a 60mm cell 

culture plate and 2ml for each 6-well plate.   

2.1.5 Transient transfection of PTEN 

A2058 cells were grown to 70% confluency and were transfected with 4 μg 

pEGFP-C3-hPTEN or pEGFP-C3 empty vector control. All transfections utilized 

Lipofectamine2000 (Invitrogen) according to manufacturer’s protocols in Opti-

MEM reduced serum medium. For each well of a 6-well plate the following 

conditions were used: 10µl of Lipofectamine 2000 was incubated in 240µl of 

OptiMEM for five minutes along with 4µg of plasmid in 250µl OptiMEM in a 

separate tube. After five minutes the two tubes were combined and mixed gently 

and allowed to incubate for another 20 minutes.  Meanwhile, medium from the 

plates was removed and the plates were washed with OptiMEM. 1.5ml of 

OptiMEM was added to each well, following incubation the 

DNA/Lipofectamine/OptiMEM was added to the cells.  

Cells were incubated at 37
o
C at 5% CO2 for 24 hours post transfection. 

Transfection efficiency was analyzed using fluorescence microscopy to detect 

GFP. pEGFP-C3 empty vector and no DNA transfections were used as controls. 

At 24 hours cells were lysed as per protocol (Section 2.1.7). 
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2.1.6 Cell Treatments with Inhibitors 

2.1.6.1 Wortmannin Treatment 

A2058 Cells were treated with 1µM Wortmannin (Sigma W3144) for 12 hours in 

DMEM (++-)/10% FBS/ 1%P/S.  The medium was replaced every three hours and 

fresh Wortmannin was added.  At 12 hours cells were lysed as per protocol. 

Control cells were incubated in the same volume of DMSO as cells treated with 

Wortmannin to serve as a vehicle control.   

2.1.6.2 Wnt 3a Treatment 

A2058 cells were treated with 150 and 300 ng/ml Recombinant Human Wnt-3a 

(R&D Systems Inc. 5036-WN) for 1, 3, 6, 9, 12, 18 and 24 hours in DMEM (++-

)/10% FBS/ 1%P/S. Cells were then lysed as per protocol. 

2.1.6.3 DKK-1 Treatment 

A2058 cells were treated for 1, 2, 3, 4, 5, 6, 9, 24 hours using 10ng/ml, 50ng/ml, 

100ng/ml, 250ng/ml, 500ng/ml and 1µg/ml Recombinant Human Dickkopf 

Homolog 1 (DKK1) (Invitrogen Gibco PHC9214) in the presence and absence of 

recombinant Wnt 3a.  After treatment, cells were lysed as per protocol. 

2.1.6.4 Sfrp-1 Treatment 

A2058 cells were treated with recombinant Human sFRP-1 (R&D Systems Inc. 

5396-SF) at a concentration of 1, 10, 100 nM (0.15, 0.75, 3.25 µg/ml respectively) 

for 8-9 hours. After treatment, cells were lysed as per protocol.   
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2.1.7 Preparation of Cell Lysates 

Cells were washed with phosphate buffered saline (PBS) and lysed with 150µl 

lysis buffer per well of a 6 well plate.  The lysis buffer contained 50mM Tris 

buffer (pH 8.0), 150mM NaCl, 1% NP-40, 0.5% sodium deoxycholate, 1mM 

phenylmethanesulfonylfluoride (PMSF), 5μg/ml leupeptin and 25 μg/ml aprotinin. 

A protease inhibitor cocktail was added to the lysis buffer to prevent protein 

degradation and to preserve the phosphorylation status of proteins by inhibiting 

proteases.  Cells were homogenized with a 26Guage syringe, centrifuged at 

maximum speed at 4
o
C for five minutes, and the clear supernatant was collected. 

Lysate was either used immediately or stored at -80
o
C once protein concentration 

was determined. 

2.1.8 Preparation of Nuclear and Cytosolic Extracts 

Cytoplasmic and nuclear cell extracts were obtained using the NE-PER Pierce Kit 

(Thermo Scientific 78833) as per manufacturer’s protocols with some 

modifications as follows. 

Cells were trypsinized as per protocol and collected with 5ml of DMEM (++-

)/10% FBS/ 1%P/S in a 15ml falcon tube.  They were spun down at 500 x g for 

five minutes.  The supernatant/medium was then removed and the pellet was 

washed by centrifugation with PBS three times for five minutes each at 500 x g.  

The PBS was discarded and the pellet was resuspended in 1ml of fresh PBS.  

Cells were counted using Allen Cell Coulter Counter.  Cells were accordingly 

aliquoted depending on total cell count.  A pellet of a minimum of two million 
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cells was vortexed with 200µl of ice cold CER I for 15 seconds in order to fully 

suspend pellet, then incubated on ice for 10 minutes.  Then 22µl of ice cold CER 

II was added to the tube. The tube was once again vortexed for five seconds then 

incubated on ice for one minute, following another five second vortex.  The tube 

was then centrifuged in a 4
o
C centrifuge at maximum speed (16,000 x g) for five 

minutes. The supernatant was immediately transferred to a clean tube and was 

labelled as the cytoplasmic fraction.  The pellet was washed three times, five 

minutes each with PBS to ensure no cytoplasmic contamination in the nuclear 

fraction.  After the final wash the PBS was removed and the cells were suspended 

in 100µl of NER I. The sample was then homogenized using a 26Guage syringe.  

The sample was then left in a 4
o
C rotator for one hour, and was vortexed every 15 

minutes.  After this, the sample was centrifuged in a 4
o
C centrifuge at maximum 

speed for 10 minutes.  The supernatant (nuclear fraction) was then collected and 

stored at -80
o
C until further use.  If more or less than two million cells were used, 

the volume of CER I, II and NER I was changed accordingly keeping the 

200:11:100 volume ratio respectively consistent.   

2.2 Protein Concentration Determination 

Protein concentration of lysates were quantified by Bicinchoninic Protein Assay 

(Thermo Fischer Scientific Inc.). Protein concentrations were measured against 

BSA concentrations of 0, 50, 100, 200, 300 and 500ng/ml.  A minimum r
2
 value 

of 0.99 was sought to determine most accurate protein concentrations. 
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A 96-well plate was used for the assay, 10µl of a 1:10 dilution of the lysates and 

10µl of the standards were added to the plate.  190µl of the assay mix was then 

added to the unknown concentration lysates as well as the standards and a blank.    

All samples were conducted in triplicates. The assay mix was a mixture of 

Reagent A and Reagent B, for every 5mls of Reagent A, 100µl of Reagent B were 

added.  

The plate was incubated at 37
o
C for half an hour after which the plate was read in 

a VersaMax Microplate reader.   

2.3 Western Blot 

15µg of cell lysate was combined with 6X loading buffer for a final volume of 

20µl.  The samples were placed in boiling water for two minutes, then vortexed 

and separated by 10% Tricine gel electrophoresis with inner and outer tris buffers.  

The samples were run alongside a molecular weight marker (Bio-Rad Precision 

Plus Protein Dual Colour Standard).  Once the loading dye reached the bottom of 

the tricine gel the gel was removed and transferred at 4
o
C onto polyvinylidene 

difluoride (PVDF) membranes (Millipore), which were first incubated in 

methanol for five minutes.  PVDF membranes were blocked with 5% gelatin from 

cold water fish skin (Sigma G7041)/TBS-T and probed with specific primary 

antibodies followed by peroxidase-conjugated secondary antibodies (GE 

Healthcare UK Limited) and visualized using Western Lightning® Plus-ECL 

(PerkinElmer, LAS Inc.) using X-ray films.  The following primary antibodies 

were used, diluted in 5% gelatin/TBS-T; anti-β-actin (1:5000), anti-β-catenin 
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(Cell Signaling) (1:2000), anti-active-β-catenin (Millipore) (1:1000), antiphospho-

β-catenin (ser 45) (Cell Signaling) (1:1000), antiphospho-β-catenin (ser 33/37/thr 

41) (Cell Signaling) (1:1000), anti-AKT (Cell Signaling) (1:3000), anti-PAKT 

(Ser 473) (Cell Signaling) (1:2000), anti-PTEN (Cell Signaling), anti-GFP (Santa 

Cruz) (1:2000), anti-Lamin B (Calbiochem) (1:2000), α/β tubulin (Cell Signaling) 

(1:5000).  Following incubation in primary antibody, membranes were then 

incubated in secondary mouse/rabbit antibodies (GE Healthcare UK Limited) 

1:10,000 dilution in 5% gelatin/TBS-T for 1 hour at room temperature. Blots were 

then visualized using Western-Lightning® Plus-ECL for one minute 

(PerkinElmer, LAS Inc.) and were visualized by X-ray film (Kodak BioMax/ 

Fujifilm Super RX).  

Densitometric analysis was performed by Image J software. Histograms are an 

average of three or more independent experiments, reported as a fold-change of 

control (which is set at 1). Statistical analysis was performed by a student’s t-test 

(p<0.05) and Mann-Whitney Rank Sum test (p<0.05) using SigmaPlot (v12) 

software.  
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Figure 2.1: Summary of transfection to western blot protocols.  Figure is a 

representation of methodology used in PTEN plasmid transfection, preparation of 

cell lysates, protein determination, gel electrophoresis and western blot analysis.  
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2.4 Protein: DNA interaction Assays  

2.4.1 Luciferase Assay 

 

Figure 2.2 TOPflash and FOPflash Plasmid: Left: shows TOPflash plasmid 

with three wild-type TCF binding sites. Right: shows FOPflash plasmid with 

mutant sites.  

 

Cells were transfected with PTEN, pEGFP empty vector, pTOPFLASH  

pFOPFLASH (Reporter Kit 17-285 Millipore), and pRenilla according to the 

methods below.   

Transfection Protocols: 

Method 1: 

Night before transfection cells were incubated in growth medium (DMEM with 

10% FBS) lacking antibiotics.  On the day of transfection, cells were washed with 

PBS and incubated in 2ml of fresh medium without antibiotics and were left in 

cell incubator until transfection mix was ready. 10µl of Lipofectamine 2000 was 
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mixed with 240µl of Opti-MEM, and in another tube 2µg of TOPflash/FOPflash 

plasmid, 0.01µg pRenilla plasmid with and without 2µg GFP/PTEN was mixed in 

250µl of Opti-MEM. After five minutes both tubes were mixed and let to incubate 

for another 20 minutes.  The 500µl transfection mix was added directly to each 

corresponding well of the six well plates (with a final volume of 2.5ml).  The cells 

were incubated at 37
o
C at 5%CO2.  After 24 hours of transfection, the medium 

was changed to growth medium lacking antibiotics (DMEM ++- with 10% FBS).  

Cells were incubated for another 48 hours.   

Method 2: 

A2058 cells were grown in DMEM with 10% FBS to about 60% confluency. The 

medium was replaced with 1.5ml Opti-MEM medium.  10µl of Lipofectamine 

2000 was mixed with 240µl of Opti-MEM, and in another tube 2µg of 

TOPflash/FOPflash, 0.01µg pRenilla with and without 2µg GFP/PTEN was 

mixed in 250µl of Opti-MEM. After five minutes both tubes were mixed and let 

to incubate for another 20 minutes.  The transfection mix was added to the cells 

and allow to transfect for 24 hours.  After a further 24 hours of incubation the 

medium was replaced with DMEM with 10% FBS and allowed to incubate 

another 24 hours.   

Method 3:  

Night before transfection incubate cells were growth medium (10% FBS) lacking 

antibiotics.  On the day of transfection, cells were washed with PBS and incubated 

in 2ml of fresh medium without antibiotics and were left in cell incubator until 
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transfection mix was ready. 10µl of Lipofectamine 2000 was mixed with 240µl of 

Opti-MEM, and in another tube 0.2-0.6µg of TOPflash/FOPflash plasmid, 

0.001µg pRenilla plasmid with and without 4µg GFP/PTEN was mixed in 250µl 

of Opti-MEM. After five minutes both tubes were mixed and let to incubate for 

another 20 minutes.  The 500µl transfection mix was added to directly to each 

corresponding well of the six well plates (with a final volume of 2.5ml).  The cells 

were incubated at 37
o
C at 5%CO2.  After 5-13 hours of transfection the medium 

was replaced with DMEM with 10% FBS and 1% P/S.  The cells were incubated 

for another 36-48 hours. 

Method 4: 

Cells were transfected for 24 hour transfection with Fugene HD (Promega E2311) 

with a transfection reagent:DNA ratio of 2:1, 3:1,4:1,6:1.  TOPflash/FOPflash 

was used in increasing concentrations of 0.2µg-0.6µg with 0.001-0.003µg 

pRenilla with and without 3-4 µg of PTEN/GFP plasmid.  Cells were lysed after 

the 24 hour transfection.   

Method 5: 

Cells were transfected for 12 hour transfection with Fugene HD (Promega E2311) 

with a transfection reagent:DNA ratio of 2:1, 3:1,4:1,6:1.  TOPflash/FOPflash 

was used in increasing concentrations of 0.2µg-0.6µg with 0.001-0.003µg 

pRenilla with and without 3-4 µg of PTEN/GFP plasmid.  After 12 hours of 

transfection cells were incubated in DMEM with 10% FBS and 1% P/S for a 

further 36 hours, after which they were lysed.  
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Method 6: 

Cells were transfected for 24 and 48 hours with 1,3,5µg TOPflash/FOPflash and 

0.005, 0.015, 0.025 µg pRenilla plasmid respectively and a 3:1 Fugene HD: DNA 

ratio in Opti-MEM. 

Method 7: 

Cells were transfected for 36 hours with 2.5µg TOPflash/FOPflash with and 

without 3µg PTEN/GFP plasmid and a 3:1 Fugene HD: DNA ratio in Opti-MEM. 

Method 8:   

Cells were transfected for 48 hours with Lipofectamine 2000 as per protocol with  

1-3µg TOP/FOPflash with and without 1-4µg PTEN/GFP in Opti-MEM medium. 

Method 9: 

Cells were transfected for 48 hours with Fugene HD:DNA ratio of 3:1 with 

1,3,5µg TOPflash/FOPflash 0.005,0.015,0.025 µg pRenilla respectively and 1-

2µg TOPflash/FOPflash, 0.005,0.010 µg pRenilla respectively and 2-3µg 

PTEN/GFP. 

 

Following transfection by one of the above mentioned methods 1-9, cells were 

passively lysed with 1X Passive Lysis Buffer (Part of Promega Dual Luciferase 

Reporter Assay System) and were assayed according to manufacturer’s 
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instructions (Promega Dual Luciferase Kit).  The instrument used was a BMG 

FLUOstar Omega (Cross Cancer Institute Dr. Mary Hitt’s Lab). 

2.4.2 Electrophoretic Mobility Shift Assays (EMSA) 

Post-transfection cells were trypsinized and suspended in medium and then 

pelleted.  A cell count was done using the Allen Lab Coulter Counter.  Equal 

number of cells was used for extractions.  Nuclear Extracts were prepared using a 

Nuclear/Cytoplasmic Extraction Kits (Pierce) as described previously.  

2.4.2.1 Infrared Dye 700: Electrophoretic Mobility Shift Assays  

As a substitute for radioactive EMSAs, an alternative assay was carried out using 

a wild-type TCF binding oligonucleotide (pTOPFLASH sequence  (Integrated 

DNA Technologies) (sense 5’-5IRD700/ TGC CGG GCC CTT TGA TCT GCT-

3’) (anti sense 5IRD700/ AGC AGA TCA AAG GGC CCG GCA-3’) and mutant 

TCF binding oligonucleotide (pFOPFLASH sequence sense 5’-/5IRD700/AGC 

GGC CAA AGG GGC CCG GCA -3’) (antisense 5IR700/TGC CGG GCC CCT 

TTG GCC GCT-3’) with an infrared 700 dye.  5µg of nuclear extract was used in 

a binding reactions consisting of components Li-Cor Odyssey Infrared EMSA Kit 

components (829-07910): (10X Binding Buffer (100mM Tris, 500mM KCl, 

10mM DTT; pH 7.5)), (25mM DTT, 2.5% Tween®), (Poly dIdC, 1µg/µl in 

10mM Tris, 1mM EDTA; pH 7.5), (200mM EDTA, pH 8.0), 1% NP-40, 100mM 

MgCl2. 
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The binding reaction along with the 50nM sense and 50nM antisense 

oligonucleotide was incubated at room temperature for 25 minutes at room 

temperature.  After which the samples were equalized with 10X Orange Loading 

Dye (Licor Odyssey Infrared EMSA Kit).  The samples were run on a 5% non-

denaturating acrylamide (30:0.8; acrylamide:bis-acrylamide) gel.  During the 

incubation period, the gel was pre-run at 90V for 30 minutes. The running buffer 

was 0.5X Tris-Borate-EDTA (TBE).  Following the pre-run, the samples were 

loaded and the gel was run at 100V until loading dye reached bottom.  

The gel was visualized using an Infrared Li-Cor Odyssey Gel Reader (IDT Core 

Dr. Richard Fahlman’s Lab). 

2.5 Immunofluorescence  

Cells were transiently transfected as per protocol. 24 hours post transfection cells 

were trypsinized and added to coverslips at the bottom of a 6-well plate. Cells 

were allowed to grow for one day.  Cells were then washed with PBS and fixed 

with 4% formaldehyde in PBS for 15 minutes. They were then washed three times 

with PBS five minutes each.  Cells were permeablized with 100% cold methanol 

at -20
o
C for 20 minutes. They were washed once again, and then blocked in 1% 

BSA in PBS for one hour at room temperature.  Followed by incubation in 

primary antibody for four hours at room temperature.  They were thoroughly 

washed with PBS, then incubated in Alexa Fluor ® 555-conjugated secondary 

antibody (Invitrogen) for visualization for one and half hours at room 

temperature, followed by more washing. Cells were observed with 
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immunofluorescence imaging using Carl Zeiss laser scanning confocal 

microscope (Cross Cancer Institute) and analyzed by LSM510 software.  

2.6 Quantitative Real Time PCR 

2.6.1 RNA Extraction 

**All procedures from this point on were done in RNAse-free/sterile 

environment. 

Treated cells were trypsinized as per protocol, and were then counted using Allen 

Cell Counter.  Between 1x10
5
 and 1x10

6
 cells were used for RNA extraction.  

RNA was extracted using Qiagen RNAeasy kit (Catalogue #74104), following 

their protocol for ‘Animal Cells Spin’ section (P.27-30 of manual) with step 3 

homogenization being performed with a 26Guage needle. Once RNA was 

extracted, its concentration was measured using a mini spectrophotometer. If 

RNA purity was an optical density reading of 1.8-2.0, it was further used for 

cDNA preparation.   

2.6.2 cDNA Preparation 

Prior to reverse transcription, the 2µg of RNA was purified of DNA 

contamination using Deoxyribonuclease I, Amplification Grade (Invitrogen 

18068-015). The protocol was followed as supplied with the product, however all 

volumes were doubled to have a final volume of 22µl instead of 11µl as would be 

in the written protocol.  After this the RNA was ready for reverse transcription 

using Superscript II reverse transcription (Invitrogen 18064) as per protocol with 
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once again doubling all the volumes. After this the concentration of the prepared 

cDNA was measured using a spectrophotometer.  Once again a purity of 1.8-2.0 

was sought. Samples were then frozen at -80
o
C until use. 

2.6.3 PCR 

The PCR reaction was performed using Taq DNA polymerase (Invitrogen 10966) 

protocol. The samples were then analyzed by agarose gel electrophoresis as 

described earlier.   

2.6.4 Primer Design for qPCR 

In order to make optimal primers for qPCR the Real Time PCR software from 

Integrated DNA Technologies (IDT) was used.  Some points to determine optimal 

primers that were considered were: to have a melting temperature between 60-

62
o
C, have a GC content less than 50% and have a length between 18-30 bases.  

This tool allowed easy primer design using the NCBI gene accession number of 

the target gene.  SciTools OligoAnalyzer 3.1 (IDT) was used to determine these 

physical properties of the primers.  These primers were then ordered through IDT 

services. They were stored at -20
o
C. 

2.6.5 Quantitative Real-Time PCR 

Total RNA was extracted using RNeasy Kit (QIAGEN catalogue #74104) as per 

manufacturer’s protocol. The extracted RNA (1µg) was used for reverse 

transcription of Oligo (dt) (Invitrogen) and Superscript II reverse transcription 

(Invitrogen).  Real time quantification of MMP-2, cyclin D1, and VEGFa were 
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assessed using power SYBR Green PCR Master Mix (Applied Biosystems). 

GAPDH was used as the endogenous control. Samples were amplified with a 

precycling hold at 95˚C for 10 minute, then 40 cycles of annealing and extension 

at 95
o
C for 15 seconds followed by 60˚C for one minute.  The following primers 

were used: MMP-2: sense (5’- ACC CAT TTA CAC CTA CAC CAA G -3’); 

MMP-2: anti-sense(5’- TGT TTG CAG ATC TCA GGA GTG -3’); MMP-9: 

sense (5’- CGA ACT TTG ACA GCG ACA AG -3’); MMP-9: anti-sense (5’- 

CACTGA GGA ATG ATC TAA GCC C-3’); Cyclin D1: sense (5’- CAT CTA 

CAC CGA CAA CTC CAT C-3’); Cyclin D1: anti-sense; ( 5’- TCT GGC ATT 

TTG GAG AGG AAG- 3’) VEGF-A: sense (5’-AGTCCAACATCACCATGCAG 

-3’); VEGF-A: (5’TTCCCTTTCCTCGAACTGATTT-3’) anti-sense; GAPDH: 

sense (5’- TCAACGACCACTTTGTCAAGCTCA -3’); GAPDH: anti-sense;( 5`-

GCTGGTGGTCCAGGGGTCTTACT-3`). Measurements were performed with 

Applied Biosystems 7900HT Fast Real Time PCR System using SDS 2.3 

software.  Gene expression was determined using the ∆∆ct method normalized to 

GAPDH-binding transcript levels. Data was analyzed using RQ (relative quantity) 

Manager software. The manual method of calculation is attached as anppendix 

(Courtesy of Kunimasa Suzuki Molecular Biology and Biochemistry Core Facility 

University of Alberta, Alberta Diabetes Institute).  Histograms are reported as a 

percentage of the control, which is set at 100%. 
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2.7 Invasion Study: BD Biocoat
TM

 Matrigel
TM

 Invasion Chamber 

To study the invasiveness of cells a Matrigel invasion assay was carried through 

at per manufacturer’s protocol (BD Biosciences Biocoat Matrigel invasion 

chamber 24-well Cat No. 354480). At room temperature, the inserts and wells 

were hydrated with Dulbecco’s Modified Eagle Medium (DMEM++-) High 

Glucose 1X (Gibco 11995) for two hours in a humidified cell incubator at 37
o
C 

and 5% CO2.  During the rehydration time, cell suspensions were prepared with 

1.25x10
5
cells/ml from three control groups; untreated cells, cells with transfection 

reagent and cells transfected with empty GFP vector, along with the experimental 

group cells transfected with pEGFP-PTEN following 24 hour transfection in 

DMEM ++-. Following rehydration the inserts were transferred to wells with 

chemoattractant DMEM++- with 10% FBS. The cell suspension was added to the 

inserts, and the BD Biocoat Invasion Chambers were incubated in a humidified 

culture incubator for 24 hours at 37
o
C and 5% CO2 atmosphere. 

Following incubation, non-invasive cells were removed by scrubbing the top of 

the insert gently with a moistened cotton swab. Inserts were then stained with a 

staining/fixing dye (4% paraformaldehyde, 0.1% crystal violet in PBS) for 2 

minutes after which the insert was passed through two beakers of water to remove 

excess dye. The inserts were then air dried.  Once dry the insert with the invading 

cells was removed by the tip of a sharp scalpel blade.  It was then rotated and fix 

to a slide with Permount. A cover slip was placed on top of the membrane to 
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remove air bubbles.  The cells were counted at 200X magnification in a blinded 

manner.   
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Chapter 3: Results 
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3.1 β-catenin Profile in Melanoma Progression 

This study used a panel of cell lines representative of the various stages of 

melanoma progression: primary melanocytic line (HEMa-LP); radial growth 

phase (RGP) (WM35); vertical growth phase (VGP) (WM793) and metastatic 

melanoma (A2058).  To study the alterations in β-catenin through progression of 

melanoma to metastasis, β-catenin/active-β-catenin expression levels along with 

subcellular distribution were evaluated throughout melanoma progression.   

Western blot (WB) analysis revealed that HEMa-LP and WM35 cells showed low 

expression of β-catenin, while WM793 and A2058 cells showed significantly 

higher levels of β-catenin (Figure 3.1a). These results were confirmed by 

immunofluorescence (IF) analysis (Figure 3.1b).  IF showed that along with 

increasing levels of β-catenin in melanoma progression, β-catenin also changed in 

localization.  HEMa-LP and WM35 cells showed β-catenin expression localized 

at the cellular membrane. WM793 cells showed increased levels of cytosolic 

expression and A2058 cells showed β-catenin throughout the nucleus and cytosol 

in high levels along with complete delocalization from the plasma membrane.   
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3.2 PI3-K profile in Melanoma Progression: 

To elucidate a potential mechanism by which β-catenin levels are regulated, levels 

of PTEN were evaluated, as representative of the PI3K pathway.  The tumour 

suppressor and negative regulator of PI3K, PTEN is mutated in 30-50% of 

melanomas (Wu et al., 2003).  Therefore it was important to see the expression of 

PTEN in progression of melanoma, to see the status of the PI3K pathway at the 

level of PTEN.  Hema-LP and WM-35 cell lines showed expression of PTEN, 

however WM793 and A2058 cells were PTEN-null, as measured by western blot 

analysis (Figure 3.1a).  This pathway in particular was looked at because previous 

studies have shown that the PI3K pathway plays a role in regulating levels of 

active-β-catenin (Sharma et al., 2002 and Persad et al., 2001). 

 

These results collectively suggest that as melanoma progresses levels of β-catenin 

as well as active-β-catenin increase, while PTEN expression is lost.  This suggests 

a potential inverse relationship between a deregulated PI3K pathway and elevated 

β-catenin levels.   
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3.3 Decrease of Active-β-catenin and total cellular β-catenin upon 

reintroduction of PTEN in PTEN-null A2058 Cells 

My previous results showed that PTEN-null melanoma cells expressed high levels 

of total cellular β-catenin which was dispersed throughout the entire cell.  Active-

β-catenin, which was also expressed in high levels was mainly localized in the 

nucleus.  In order to evaluate whether the PI3K/PTEN pathway regulated the 

observed increase in β-catenin levels with melanoma progression, we studied 

alterations in β-catenin levels in PTEN-null cells transfected with wild-type 

PTEN.  PTEN-null A2058 cells were transiently transfected with 4µg of pEGFP-

PTEN.  Four forms of β-catenin; two phosphorylated forms, total cellular β-

catenin and active-β-catenin, were evaluated by western blot analysis and 

immunofluorescence. 

A time dependent analysis of PTEN transfection showed a decrease in both β-

catenin and active-β-catenin levels between 24 and 48 hours post transfection 

(Figure 3.2). However to avoid excess cell death which was observed post 24 

hours, the following transfections were carried out for 24 hours. 

Levels of active-β-catenin (Figure 3.3b) decreased upon reintroduction of PTEN 

as did levels of total cellular β-catenin (Figure 3.3a) when compared to control 

cells and cells transfected with an empty GFP vector.  Levels of both forms of 

phosphorylated β-catenin (serine33/37 threonine 41) (Figure 3.3c) and (serine 45) 

(Figure 3.3d) were unaffected by reintroduction of PTEN, suggesting that the 

PI3K pathway may not be involved in the post-translational modification of β-
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catenin.  To ensure proper loading, a western blot for the loading control β-actin 

was carried out (Figure 3.3e).  There was a decrease in level of phospho-AKT 

while levels of AKT remained constant in PTEN transfected cells, showing that 

the transfected PTEN was inhibiting the PI3K pathway (Figure 3.3e).  Since 

western blot analysis showed that PTEN affects levels of active-β-catenin as well 

as total cellular β-catenin, it was imperative to see changes in localization as well. 

IF confirmed the changes in levels of β-catenin as well as active-β-catenin. 

Active-β-catenin, which was mainly located in the nucleus of control cells 

(untreated) showed significantly decreased levels in the PTEN transfected cells 

(Figure 3.4c). β-catenin was dispersed throughout the cell and expressed in high 

levels in control A2058 cells. Upon PTEN reintroduction β-catenin levels 

significantly decreased and β-catenin was mainly localized in the cellular 

membrane.  This was similar to the expression pattern observed in primary cells, 

as shown in Hema-LP (Figure 3.4a/b).    

Evaluation of nuclear and cytosolic fractions by western blot analysis confirmed 

the decrease in levels of nuclear β-catenin. Cytoplasmic and nuclear samples were 

free of contamination as confirmed by blotting for nuclear purity by Lamin B and 

cytoplasmic purity by α/β tubulin. (Figure 3.3f) 
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3.4 Inhibition of the PI3K pathway by drug treatment confirms effect of 

PTEN reintroduction in PTEN-null cells 

To further confirm changes in levels of β-catenin by the PTEN/PI3K pathway, 

A2058 cells were treated with the PI3K inhibitor, Wortmannin, which inhibits the 

pathway at the level of PI3K. A time dependent experiment was carried out to 

observe the effects of Wortmannin on PI3K inhibition, at the level of P-AKT, 

which showed that inhibition of the pathway occurred within one hour of treating 

A2058 cells with 1µM of Wortmannin (Figure 3.5a). This experiment also 

revealed that the drug was effective in growth medium with serum more than 

without serum, shown by lower levels of P-AKT and was effective for no more 

than four hours of treatment, as levels of P-AKT started to increase. This provided 

the effective dose and time for the following experiments.  

With using 1µM of Wortmannin for a time span of 12 hours, levels of total β-

catenin significantly decreased 6-12 hours following treatment (Figure 3.5b).  

Active-β-catenin levels decreased 9-12 hours post-treatment (Figure 3.5c).  Levels 

of both serine-33/37/thr 41-phosphorylated β-catenin (Figure 3.5d) and serine-45 

(Figure 3.5e) were not affected by the drug treatment.  Levels of P-AKT (Figure 

3.5f) decreased within one hour of drug treatment and levels of AKT (Figure 3.5f) 

did not change once again confirming effective inhibition of the PI3K pathway by 

Wortmannin.  
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3.5 Effect of Wnt activation on β-catenin in A2058 Cells 

To this point, we have seen how inhibiting the PI3K pathway both by addition of 

the negative regulator PTEN or by chemical inhibition, decreases levels of active-

β-catenin as well as total cellular levels of β-catenin through a yet unknown 

mechanism. Our next experiment was to see the effect of the canonical Wnt 

pathway on regulation of active-β-catenin.  Stimulating the canonical pathway by 

addition of recombinant Wnt 3a resulted in an increase in levels of β-catenin at 12 

hours of treatment, confirmed at two concentrations (150ng/ml (Figure 3.6a/c) 

and 300ng/ml (Figure 3.6b)).  There was a decrease in levels of phosphorylation 

of β-catenin at serine 45 (Figure 3.6c) and serine 33/37/threonine 41 (Figure 3.6c), 

which occurred at an earlier time point, 9-12 hours. Although this decrease in 

levels of phosphorylation was observed over multiple experiments the results 

were not statistically significant.  Interestingly levels of active-β-catenin were 

unchanged in a stimulated Wnt environment (Figure 3.6a-c) at all-time points, 

suggesting regulation of active-β-catenin at a different level other than the 

canonical Wnt pathway. This showed that different pools of β-catenin may be 

regulated in different manners dependent or independent of the canonical Wnt 

pathway.  Thereby the next step was to see changes in β-catenin by inhibition of 

the canonical Wnt pathway. 

After seeing effects of Wnt stimulation, several experiments were carried through 

to inhibit the canonical Wnt pathway with the inhibitors, DKK-1 and Sfrp-1.  

These experiments were carried out at different doses and times of treatment with 
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and without addition of recombinant Wnt 3a. Inhibition of the Wnt pathway 

showed no effect on active-β-catenin (incomplete results not shown).  However a 

decrease in levels of total β-catenin was observed.  Changes in phosphorylated β-

catenin and active-β-catenin were harder to detect. (Results were incomplete and 

not conclusive)). 
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3.6 Downstream effect of PI3K’s regulation of β-catenin-TCF Binding 

3.6.1 Electrophoretic mobility shift assay (EMSA) 

Carrying out an EMSA allowed investigation of how PTEN affects complex 

formation between β-catenin protein and DNA with a TCF sequence.  A short 

DNA sequence was synthesized with specific TCF binding sites. The sequence 

was labeled with an infrared dye that was measured at 700nm wavelength. 

(Synthesis by Integrated DNA Technologies)  

A2058 cells were transfected with PTEN for 24 hours, the purified nuclear 

fraction of these cells was bound to the synthesized DNA sequence of either a 

wild-type or mutant TCF binding sequence.  Four samples were prepared; 

untreated control A2058 cells, cells in the presence of transfection reagent, cells 

transfected with an empty vector pEGFP and pEGFP-PTEN transfected cells.   All 

nuclear lysates showed strong protein-DNA complex formation with DNA 

containing wild-type TCF binding sites.  Comparing the three controls to the 

PTEN transfected lysate, there was an extra light band lower than the TCF bound 

band in all the samples (Figure 3.8). Samples that were bound with mutant TCF 

binding sequences bound very minimally with nuclear samples.  This reflected the 

specificity of nuclear samples/TCF binding.   
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3.6.2 Luciferase  

A luciferase assay was carried out to obtain a readout of β-catenin and TCF 

transcriptional activity.  The wild-type TCF binding plasmid was TOPflash, 

which contained three TCF binding sites, and the negative control FOPflash had 

mutant sites.  This assay is used readily to measure Wnt signaling at the 

transcriptional level of β-catenin/TCF.  This is crucial to measure the specificity 

and functional effect on β-catenin.   Changes observed in TOPflash activity are a 

direct readout of β-catenin’s downstream transcription.  Several studies were 

carried out to optimize results of the TOPflash luciferase experiments. The main 

dilemma in these experiments was that once an additional plasmid (GFP or 

PTEN) was transfected along with the TOPflash/FOPflash and pRenilla, 

luminescent values were negligible. Not only were these values lower in the 

presence of PTEN, which is expected since active-β-catenin values are lower, but 

they are also lower in the presence of an empty vector.  The optimal transfection 

reagent for which highest luminescence for TOPflash was obtained when cells 

were transfected with Fugene HD (Promega) with a 3:1 transfection reagent: 

DNA ratio.  It was difficult to determine conclusive results from these 

experiments as none of the data obtained was consistent in three experiments.   
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3.7 Effect of PTEN reintroduction in A2058 Cells on Downstream β-

catenin/Wnt downstream target Genes 

Since we have confirmed that the PI3K pathway, at the level of PI3K and PTEN 

affects active-β-catenin expression resulting in reduced binding of β-catenin with 

TCF (through presence of lower band in EMSA), it was imperative to study the 

effect that inhibition of the PI3K pathway has on the transcription of downstream 

Wnt target genes.  PTEN-null A2058 cells were transfected with or without 

pEGFP-PTEN for 24-48 hours and the changes in cellular mRNA expression of 

selected Wnt target genes (cyclin D1 (Figure 3.9b), VEGF-a (Figure 3.9a), and 

MMP-2 (Figure 3.9c)) were measured with real-time quantitative polymerase 

chain reaction (RT-qPCR); GAPDH was used as an endogenous control to 

normalize results. mRNA expression of all three genes decreased in A2058 cells 

with PTEN transfection, compared to transfection with an empty GFP vector.  

All three genes showed similar changes in mRNA expression pattern. Compared 

to transfection with an empty GFP vector, 24 hours of transfection with PTEN 

resulted in a significant decrease in mRNA expression of the target genes.  The 

decrease was sustained for 48 hours after transfection.  This is convincing 

evidence that the PI3K pathway has a functional effect on β-catenin, in that it not 

only decreases active-β-catenin expression along with β-catenin:TCF complex, 

but also on the transcription of downstream β-catenin: TCF target genes.  

A western blot analysis looking at the protein expression of VEGF-A and cyclin 

D1 (Figure 3.9d) also confirmed a decrease at the protein level.  This showed that 
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the effects of β-catenin were not exclusive to the transcription of these genes, but 

further affected the translation, having an effect on the protein level. 
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3.8 PI3K and Invasiveness 

To show the functional effect of a deregulated PI3K pathway in A2058 cells, we 

carried out a matrigel invasion assay to measure changes in invasiveness of the 

cells.  The attachment to and penetration of basement membranes 

by tumour cells is required to complete the metastatic cascade which culminates 

in the establishment of tumours to distant sites of the body beyond their primary 

location. Therefore, basement membranes are critical barriers to the passage of 

disseminating tumour cells.  Matrigel invasion assays can be used to measure the 

degree of invasiveness across a basement membrane.  

Upon PTEN reintroduction cells decreased in invasiveness by 48% (Figure 3.11), 

compared to control PTEN-null metastatic melanoma cells. This confirmed the 

importance of the PI3K pathway on invasiveness and metastatic potential of these 

melanoma cells.   
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The aim of this study was to characterize β-catenin’s changes that occur as 

melanoma progresses and to delineate the pathway that is regulating β-catenin’s 

expression, localization and activity.  Initially it was imperative to study the 

molecular changes that occur as melanoma progresses through distinct stages 

leading to metastasis.  This allows for an understanding of pathways that are 

deregulated causing up or down regulation of genes that cause loss of control of 

cellular functions causing a melanoma to lead to metastasis and hard to treat 

stage.   

This study was carried out using four cell lines correlating with four distinct 

phases of melanoma.  The findings taken together created a model that could be 

used to study melanoma progression from normal melanocytes to metastatic 

melanoma (HEMa-LP, WM-35, WM-793 and A2058).  Each cell line was 

obtained from separate patients and was isolated from distinct stages (described in 

Chapter 2).  Although the transition of these cell lines from HEMa-LP to A2058 

showed a gradual progression of melanoma, the cell lines were distinct and were 

grown in different conditions in comparison to each other. Using these cell lines 

provided an initial understanding of the changes that occur in β-catenin profile as 

melanoma progresses, however more investigations on different cell lines must be 

followed.  To further justify this study it is necessary to use cell lines derived 

from the same patient from sites showing different stages of melanoma. This may 

be a future direction of this study.  
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Studying changes in β-catenin activity and levels in these cell lines provided an 

understanding of how β-catenin levels are changing from primary cells leading to 

metastasis.  A hyper active Wnt signaling pathway is found in many cancers and 

plays an important role in tumourigenesis (Omholt et al., 2001).  Increased β-

catenin levels correlate with increased invasion and poor prognosis in many 

cancers. Since active-β-catenin is the specific form of β-catenin that plays the 

tumourigenic role in the Wnt pathway, it was imperative to study active-β-catenin 

expression alongside the expression of overall β-catenin.   

De-regulation of the Wnt/ β-catenin pathway resulting in high levels of active-β-

catenin is often observed in metastasis.  Activation of the Wnt/β-catenin pathway, 

shown by increased nuclear/cytosolic localization, is frequently reported in 

melanoma (Rimm et al., 1999). Loss of localization of β-catenin from the 

cytosolic membrane to nuclear/cytosolic localization is observed in one third of 

melanomas (Rimm et al., 1999).   

Many studies suggest that nuclear β-catenin expression is decreased in increasing 

metastatic cancers compared to primary cancer and is associated with a better 

prognosis (Chien et al., 2009). Bachman and colleagues show that there is a shift 

from nuclear to cytoplasmic expression in malignant tumours (Bachman et al., 

2005). Another study by Kageshita and colleagues shows that melanoma shows a 

loss of β-catenin expression in the malignant stages in contrast to many other 

cancers (Kageshita et al., 2001).  Although these studies looked specifically at 

nuclear expression, it should be made clear that in our studies we were looking at 
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the status of active-β-catenin.  Transcriptionally active-β-catenin is not only 

nuclear but has a specific phosphorylation pattern, as it is dephosphorylated at 

Ser37 and Thr41 (Staal et al., 2002).  Therefore Wnt signals are transmitted 

exclusively through N-terminally dephosphorylated β-catenin (Staal et al., 2002). 

To better understand the controversy of β-catenin levels in melanoma compared to 

other cancers a better understanding of active-β-catenin is needed. In this study 

we found an increase in active-β-catenin through progression from melanocytes to 

metastatic melanoma.  

The active-β-catenin antibody was generated using the first 100 amino acids 

sequence of human β-catenin.  It was established using deletion constructs to have 

a HSGATTTAP residues 36-44 thus harbouring dephosphorylated S37 and T41 

(Staal et al., 2002).  This phosphorylation pattern of active-β-catenin has been 

shown to be present in transcriptionally active-β-catenin by studies looking at 

TCF mediated transcription (Maher et al., 2010; Staal et al., 2002). 

There is currently no molecular explanation for why this dephosphorylation 

pattern creates an active signaling form of β-catenin, opposed to other forms of β-

catenin. One explanation for this may be that phosphorylation at these sites may 

disrupt interactions with β-catenin and the TCF/LEF promoter sequence, therefore 

the desphosphorylation allows for binding of β-catenin to the TCF promoter 

without hindrance (Daughtery and Gottardi, 2007).  The findings of Staal and 

colleagues confirm that it is not merely the accumulation/levels of β-catenin that 

correlates with transduction of Wnt signals, however it is the phosphorylation 
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pattern (Staal et al 2002). The fact that accumulation of β-catenin, which is 

controlled by Wnt signals, and the transcription of Wnt target genes are separate 

events as per the phosphorylation status of β-catenin we must allude to the 

mechanism that functions in controlling active-β-catenin. 

It is active-β-catenin that forms a bipartite complex with members of the TCF 

family of transcription factors. This further results in transcription of genes 

involved in promoting carcinogenesis by driving proliferation, migration and 

tumour vascularization (Maher et al., 2010).  

Since our studies showed that levels of total cellular β-catenin as well as the 

active form of β-catenin increase with melanoma progression, these elevated 

levels are an indication of a possibly overactive canonical Wnt pathway. The 

implications of this are excessive cell proliferation and a causal effect in increased 

cell invasiveness due to the nature of the Wnt signaling in transcription of target 

genes regulating these processes.  

Since western blot analysis revealed elevated protein levels of β-catenin in 

WM793 and A2058 cells, it was important to see how the localization patterns of 

β-catenin change throughout the cell lines since β-catenin has distinct roles in the 

cell depending on its localization.  As melanoma progressed to metastasis, β-

catenin lost its localization from the cellular membrane and was dispersed in the 

cytoplasm and nucleus with increased expression as well.  This change in 

localization has implications in metastasis because as β-catenin is lost from the 

plasma membrane, cells lose cell-cell adhesion as β-catenin alongside the 
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cadherin family of proteins functions at adherens junctions.  The increase in 

cytoplasmic and nuclear levels serves a role as a transcriptional co-activator for 

TCF in regulating Wnt target genes and has implications in cancer progression.   

Although β-catenin is a dual function protein, its functions in the cell have been 

shown to be regulated by different mechanisms depending on its localization.  For 

example, cadherin loss of function has been shown to be independent of enhanced 

β-catenin signaling (Gottardi and Gumbiner, 2004) and Wnt activation does not 

typically alter cell-cell adhesion.  β-catenin’s role in the Wnt signaling pathway as 

a result of TCF driven transcription was of concern to this project. 

After establishing the changes in levels and localization of β-catenin through 

melanoma progression the next step was to study the specific pool of β-catenin 

that is involved in the transcriptional role of Wnt genes, which is active-β-catenin. 

Active-β-catenin expression was absent from HEMa-LP cells and levels increased 

progressing from radial to vertical to metastatic phases.  

This showed a clear correlation of active-β-catenin with progression of melanoma.  

It is likely that since active-β-catenin is responsible for acting as a transcriptional 

co-activator of TCF target genes, metastasis is a result of the upregulation of Wnt 

target genes that control cellular processes such as cell proliferation.  The pattern 

of active-β-catenin levels throughout melanoma progression can have many 

implications in terms of therapeutics in metastatic disease.  If cancer progression, 

in this case melanoma progression shows a positive correlations with active-β-

catenin levels, then the signal transduction pathway that is deregulated, which is 
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causing levels of active-β-catenin to be deregulated must be elucidated.  Once this 

mechanism of regulation is found, and then mechanisms to perturb or reverse this 

deregulation can lead to future studies.  

As previously discussed over 30% of melanomas express high levels of nuclear β-

catenin, however the number of melanomas with β-catenin mutations is 

significantly less (Rimm et al., 1999).  Other malignancies such as prostate cancer 

show that increased nuclear β-catenin levels and high TCF is not all attributable to 

mutations in β-catenin (Persad et al., 2001) or the degradation complex, 

specifically APC (Persad et al., 2001). This means that this accumulation of β-

catenin cannot be the result of solely β-catenin mutations and is likely regulated 

by another mechanism or pathway. 

A potential mechanism may be the PI3-K pathway as there lays an inverse 

relationship between β-catenin/ active-β-catenin levels and PTEN in melanoma 

progression. The loss of PTEN leads to a constitutively active PI3K pathway, 

leading to excessive cell proliferation, increased invasiveness and loss of 

apoptosis (Engelman et al., 2006).  Persad et al., have previously shown direct 

regulation of nuclear β-catenin by PTEN/PI3-K pathway (Persad et al., 2001).  It 

should be noted that A2058 cells also express a mutation in BRAF and p53 along 

with PTEN.   Over activation of BRAF is associated with induced cellular defense 

mechanisms against activated oncogenes to subsequently result in cell senescence. 

Its cooperation with an overactive PI3K pathway, as in the A2058 cells, 

effectively promotes melanoma progression (Hao et al., 2012). 
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PTEN is one of the most frequently mutated tumour suppressor genes in human 

cancer (Salmena et al., 2008). It has both lipid phosphatase and protein 

phosphatase activity. Although the tumour-suppressive function of PTEN has 

mainly been attributed to its lipid phosphatase activity, a role for PTEN protein 

phosphatase activity in cell-cycle regulation has been suggested as well (Wu et 

al., 2003).  Loss of expression or mutational inactivation of PTEN is paramount to 

sustained proliferative and anti-apoptotic response often observed in malignancy 

(Hao et al., 2012). PTEN is located on chromosome ten on the q arm, and loss of 

heterozygosity of chromosome 10q is found in 30-50% of melanomas (Wu et al., 

2003).  PTEN loss leads to constitutive phosphorylation and activation of AKT, 

which leads to many downstream effects leading to reduction of apoptosis and 

increased cell survival (Stahl et al., 2003). 

Several pathways including Wnt/β-catenin and PI3K have implications in cancer 

progression resulting in metastasis.  As cells gain a mesenchymal phenotype they 

acquire motility and properties of invasiveness (Larue et al., 2005). A deregulated 

PI3K pathway, leading to overexpression of downstream β-catenin target genes 

such as VEGF is often implicated in increased invasiveness (Larue et al., 2005).  

To measure the effects of β-catenin on the metastatic potential of melanoma cells, 

an invasion assay was carried through.  Since A2058 cells are PTEN null, we 

compared the invasiveness of these cells to A2058 cells transfected with PTEN. 

The fact that introduction of PTEN decreased invasiveness by almost half (48%) 

was significant. Nuclear accumulation of β-catenin in metastatic cells, as observed 

in A2058 cells, has many implications; as it is prominent at the invasive front, in a 
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high density area of inflammatory cells that surround a primary cancer mass 

(Suzuki et al., 2008).  Activation of the PI3K pathway is important for normal 

cellular metabolism and growth and progression of certain types of cancers 

(Bowen et al., 2009). Both these events together; the loss of PTEN, leading to 

PI3K over activation and elevated active-β-catenin are significant events leading 

to invasiveness and metastasis.  This was displayed in A2058 cells which showed 

high level of invasiveness and penetration through the basement membrane.  

Nuclear accumulation of β-catenin at the invasive front is associated with 

metastasis (Huang and Du, 2008), this provides a possible connection PI3K and β-

catenin in promoting metastasis. 

Since there was a significant decrease in the number of cells with the ability to 

move across a basement membrane with the presence of PTEN, one has to 

appreciate that it may be a combined effect of loss of PTEN and over active β-

catenin that caused increased invasiveness in A2058 cells.  Since both the Wnt 

and PI3K pathways have many downstream effectors and roles in the cell, the 

precise change that caused the decreased in invasiveness needed further 

investigation.  

To see how β-catenin plays a role in invasiveness of these melanoma cells, we 

further investigated the changes occurring in pools of β-catenin following PTEN 

reintroduction in A2058 cells.  Re-introduction of PTEN into PTEN-null (A2058) 

cells not only resulted in decreased expression of total endogenous levels β-

catenin but also changed in localization to the cell membrane similar to the 

localization in primary melanocytes.  From sub-cellular fractionation I also 
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observed a decrease specifically in the nuclear pool of β-catenin. A previous study 

by Persad and colleagues has shown that PTEN re-expression in PTEN null 

prostate cancer cells decreases levels of nuclear β-catenin (Persad et al., 2001). 

Since these changes are parallel and suggest PTEN’s regulation of β-catenin is 

mainly in the nuclear pool. 

What is interesting and needs to be investigated further is the fact that I did not 

detect changes in levels of phosphorylated β-catenin, while total endogenous 

levels are decreased. Due to the dynamic nature of the Wnt signaling pathway in 

order for total levels to decrease, at an earlier time point there should be an 

increase in phosphorylation which results in an increase in degradation.  One 

explanation for this may be that since a 24 hour transfection time was used for all 

experiments and was the time point where changes in levels of total endogenous 

β-catenin were detected, the changes in phosphorylation may have been missed.  

Although several experiments were done at earlier time points, due to the nature 

of difficult and accurate band detection of phosphorylated β-catenin, a conclusive 

result was not observed.  In order to see changes in the phosphorylation pattern of 

β-catenin more experiments at very close time points ranging from 0 to 24 hours 

need to be conducted.  Another way to detect this phosphorylation pattern would 

be to conduct immunofluorescence; however there is a lack of antibodies suited 

for immunofluorescence for phospho-β-catenin. Similar experiments done in 

PTEN null prostate cancer cells have shown an increase in levels of 

phosphorylation of β-catenin along with an increase in degradation (Persad et al., 

2001). One explanation for this regulation is depicted in the following figure. 
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Since GSK3β is a common component of both the canonical Wnt pathway and the 

PI3K pathway, it may be suggested that the PI3K pathway has effects on β-

catenin accumulation via GSK3β, regulating β-catenin’s degradation (Figure 4.1).   

 

 

Figure 4.1: GSK3β as a common mediator of Wnt and PI3K signaling. 

Schematic shows a possible mechanism to link the canonical Wnt and PI3-K 

pathways with a common pool of GSK3β. 

 

However, several studies argue against this hypothesis. It has been shown that less 

than 10% of total GSK3β in the cell is associated with Axin, engaging with the 

canonical Wnt signaling pathway (Lee et al., 2003; Benchabane et al., 2008). 

Whether GSK3β is a convergence point between the two pathways that is 

regulating the effects of the PI3K pathway on β-catenin must be further 

investigated and is a controversial topic. Although most of the scientific 
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arguments refute this hypothesis, GSK3β with mutations in its phosphorylation 

site which is phosphorylated by AKT has been shown to inhibit Wnt signaling 

(McManus et al., 2005; Ng et al., 2009; Doble et al., 2007).  Ng and colleagues 

have demonstrated that Axin in the Wnt pathway shields GSK3β from being 

affected by other pathways such as PI3K (Ng et al., 2009).  If GSK3β could be 

selectively inhibited in each pathway, there may be a lead into this model 

however chemical inhibitors of GSK3β are not selective and inhibit total 

endogenous GSK3β.   

Since a decrease was observed in specifically the nuclear β-catenin pool we 

further looked into the change in active-β-catenin.  PTEN introduction in A2058 

cells further showed a decrease in active-β-catenin.  Immunofluorescence analysis 

confirmed this finding and revealed that active-β-catenin is localized mainly in the 

nucleus of the cell.  Even though all nuclear β-catenin is not active, the distinct 

pool of active-β-catenin is exclusively nuclear.  Although we saw that the 

PI3K/PTEN pathway had an effect on expression of active-β-catenin the 

mechanism by which this regulation takes place has yet to be concluded. Further 

studies are necessary that look at this, whether it is a dephosphorylation event at 

the sites of S37 and T41 or a direct feedback into the canonical Wnt pathway via a 

common mediator.  Protein phosphatases that have a role in both the Wnt and 

PI3K pathways are potential regulators of active-β-catenin formation and a 

potential cross regulatory effector between the PI3K and Wnt pathway.  

Screenings done by Zhang and colleagues on several phosphatases have defined 

PP2A as the putative phosphatase that dephosphorylates β-catenin at Serine 37 
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and Threonine 41 by its regulatory unit PR55α (Zhang et al., 2009), resulting in 

active-β-catenin.  PP2A is a heterotrimeric protein, consisting of a structural, 

regulatory and catalytic subunit (Westermarck and Hahn, 2008). PP2A is a 

serine/threonine phosphatase downstream of TOR signaling which is affected by 

the PI3K/AKT pathway as it inactivates AKT by dephosphorylation (Guenin et 

al., 2008).  Its role in Wnt signaling is conflicting as it interacts with multiple 

components of the Wnt pathway (Guenin et al., 2008).  Since inhibition of the 

PI3K pathway, at the level of PTEN showed an effect on expression of active-β-

catenin, it was imperative to test the effect via another mode of PI3K pathway 

inhibition.   

There are two commonly used chemical inhibitors of the PI3K pathway at the 

level of PI3K; LY294002 and Wortmannin. Wortmannin has been shown to be a 

more specific inhibitor of class 1 PI3-kinases than LY294002 (Gharbi et al., 

2007).  For more specificity, Wortmannin was used for this study as it is a potent 

irreversible inhibitor of the catalytic p110α subunit of PI3K.  It inhibits PI3K by a 

nucleophillic reaction mechanism (Shpretner et al., 1996).  Replication of the data 

obtained from PTEN transfection by the use of Wortmannin confirmed that the 

alterations in PI3K pathway do in fact affect β-catenin activity and show that the 

effects were not PTEN specific.  Several experiments were conducted to measure 

effective dose and time of drug treatment.  After this was established another 

factor to take into consideration was the activity time of the drug and the time that 

it took to see changes in β-catenin.  Following several studies we saw that 

Wortmannin was only effective, measured by P-AKT knockdown, for up to three 
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hours post treatment.  Due to this, the drug was replenished every three hours in 

order to effectively inhibit the PI3K/PTEN pathway.  This experiment was done 

for a period of 12 hours in order to see changes in β-catenin.   

An experiment done prior to the replenished conditions revealed that P-AKT 

levels were depleted within an hour of Wortmannin treatment and increased after 

approximately four hours. The levels of P-AKT were higher in cells without 

serum than those with serum.  This is explained by the mechanism of the PI3K 

pathway.  In the presence of growth factors, stimulators of the pathway, the PI3K 

pathway is activated (Courtney et al., 2010), and since these cells lack PTEN, 

levels of P-AKT remain elevated.  Therefore the effects of a PI3K inhibitor are 

amplified in a pathway which is activated at the same time.  This was observed, as 

the decrease in P-AKT was more prominent in cells with a stimulated PI3K 

pathway (Figure 3.5a).     

After carrying through dose and time dependent set of experiments to find ideal 

conditions for Wortmannin treatment and its effects on β-catenin the ideal 

concentration of Wortmannin was found to be 1µM.  At 1µM there was a balance 

between minimal cell death and inhibition of the PI3K pathway, reflected by a 

decrease of P-AKT levels.  The results of this experiment were parallel to the 

effects of PTEN reintroduction in PTEN-null metastatic cells.  These experiments 

confirmed that the PI3K pathway regulates expression of active-β-catenin as well 

as total endogenous β-catenin.  Once again, no change was seen in the 

phosphorylated β-catenin.  It is well known that the canonical Wnt signaling 

pathway is responsible for the constant cycle of β-catenin.  In the absence of Wnt 
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ligands β-catenin levels are monitored by the destruction complex.  However the 

regulation of active-β-catenin may be independent of the events of the canonical 

Wnt signaling pathway. The mechanism by which the PI3K pathway is regulating 

active-β-catenin is a future direction of this project and must be further 

investigated.  There may be two possible mechanisms of how the PI3K pathway 

regulates active-β-catenin The first may be a possible crosstalk between the PI3K 

and Wnt Signaling pathway as mentioned in Section 3.3.2 by a common mediator, 

GSK3β.  The other may be through a protein phosphatase that regulates both 

pathways, the protein phosphatase 2A (PP2A).  Zhang and colleagues showed that 

β-catenin phosphorylation and degradation may be separate events due to the 

activity of phosphatases opposing the kinase activity of the destruction complex 

(Zhang et al., 2009). Sablina and colleagues found that PP2A dephosphorylates β-

catenin at Serine 37 and Threonine 41, creating active-β-catenin form (Sablina et 

al., 2010). PP2A may provide a possible link in the PI3K pathway regulating 

active-β-catenin.  This model suggested that the PI3K pathway does not affect the 

accumulation or localization of β-catenin, but more so its de-phosphorylation.  

Since we have seen that the PI3K pathway plays a role in regulating expression of 

active-β-catenin, it was important to study which aspects of β-catenin are 

regulated by the canonical Wnt pathway.  We found that although the Wnt 

pathway regulates the levels, accumulation and degradation pattern of β-catenin, it 

does not control the expression of active-β-catenin.  Interestingly, active-β-catenin 

is dephosphorylated at two specific sites, whose phosphorylation status is 

controlled by GSK3β in a Wnt mediated fashion.  Since in the absence of Wnt 



108 

signals, GSK3β as a part of the destruction complex phosphorylates β-catenin at 

three sites; Serine 33,37 and Threonine 41, it is thought-provoking that active-β-

catenin shows a specific non-phosphorylated pattern at two of these specific sites, 

Ser 37 and Thr 41. Although this alludes to a potential regulation of active-β-

catenin in a Wnt controlled fashion, it is interesting that the recombinant Wnt 

ligand 3a, which is an activator of the canonical Wnt pathway showed no effect 

on levels of active-β-catenin.  This may be because although the Wnt pathway 

controls the phosphorylation of β-catenin (van Noort et al., 2002), its 

dephosphorylation may be independent of Wnt signaling.  In the progression of 

melanoma to metastasis, active-β-catenin expression may be independent of the 

Wnt pathway.   

A decrease in levels of phosphorylated β-catenin preceding an increase in overall 

levels of total endogenous β-catenin confirmed effective Wnt 3a treatment 

showing activation of the canonical Wnt pathway.  This confirmed that 

stimulation of the canonical Wnt pathway, leads to deactivation of the destruction 

complex, thereby decreasing the phosphorylation and degradation of β-catenin.  

As a result total levels of β-catenin accumulate within the cell.   

Several preliminary studies were carried out to optimize effective dose and time 

of Wnt 3a treatment.  The greatest increase in levels of total β-catenin was seen at 

150ng/ml and 300ng/ml after 12 hours of incubation.  This set of experiments was 

done at time points of 12 to 24 hours.  At these time points no change was seen in 

levels of phosphorylated β-catenin (Figure 3.6a/b).  This was most likely due to 
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the fact that the phosphorylation changes precede changes in total levels of β-

catenin, therefore this lead to looking at time points starting one hour post 

treatment at the dose of 150ng/ml of recombinant Wnt 3a.  This experiment was 

carried out at shorter time intervals and at 9-12 hours the phosphorylated levels of 

β-catenin at all four sites, Serine 33,37,45 and Threonine 41 showed a decrease 

(Figure 3.6c).  This eludes to the fact that the phosphorylation, destruction and 

accumulation of total cellular levels is controlled by the canonical Wnt pathway.  

Changes in active-β-catenin are likely regulated by another mechanism, such as 

the PI3K pathway. 

Once the changes in active-β-catenin following PTEN transfection were 

confirmed it was imperative to see further downstream changes in B-catenin and 

TCF DNA.  EMSA was an assay established to detect DNA binding proteins 

(Fried and Crothers, 1987).  It is known that β-catenin interacts with transcription 

factors of the TCF/LEF family and subsequently activates genes that are 

responsive to TCF/LEF family members (Giese et al., 1995; Behrens et al., 1996; 

Clevers and Grosschedl, 1996; Molenaar et al., 1996; van de Wetering et 

al.,1997). Therefore, we analyzed the ability of β-catenin to form complexes with 

a TCF consensus oligonucleotide in the presence of PTEN (Persad et al., 2001) by 

carrying out an EMSA. 

We first determined the TCF sequence that was required for optimal specificity of 

binding. Once control A2058 cells and samples transfected with PTEN were 

bound to the TCF DNA they were run on a non-denaturing gel to measure 
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differences in the migration of the protein-DNA complexes.  The following table 

summarizes the advantages of using IR labeled oligonucleotides versus 

radioisotopes.   

Near-Infrared Radioisotype 

Easy access and disposal Regulatory restrictions, disposal hassle and 

cost 

Labeled oligos have extended 

stability 

Short half-life of label 

Non-hazardous Hazardous 

Wet gel imaged while still between 

gel plates 

Gel drying and film/phoshor-screen 

exposure required 

Fast, convenient detection of probe Time-consuming, inconvenient detection 

Gel can be replaced and run longer if 

needed 

Gel run time cannot be extended 

Results available in less than two 

hours 

Experiment typically takes more than one 

day 

Figure 4.2: Advantages of Near-Infrared Fluorescent EMSA detection  
(LiCor Oddyssey) 

[http://www.licor.com/bio/applications/odyssey_applications/emsa_gel_shift_assa

y.jsp] 

 

Since all the samples bound very strongly to the wild-type sequence as opposed to 

negligible binding with the mutant sequence, showed that there is in fact TCF 

binding in these samples.  These results were also confirmed in a radioactive 

http://www.licor.com/bio/applications/odyssey_applications/emsa_gel_shift_assay.jsp
http://www.licor.com/bio/applications/odyssey_applications/emsa_gel_shift_assay.jsp
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EMSA prior to carrying out an infrared EMSA (results not shown). Since prior 

results show that active-β-catenin is expressed in all samples (control and PTEN-

transfected) it should be expected that there is β-catenin-TCF complex formation 

as well.  In the presence of nuclear active-β-catenin, the lysates were expected to 

bind TCF transcription factors.  This would be further confirmed by a super shift 

assay with an active-β-catenin antibody added to the binding reaction; however 

this was not conducted in these experiments.  Since the PTEN transfected sample 

had reduced active-β-catenin levels it was expected that there would be less β-

catenin:TCF complex formation in these samples.  However the intensity of the 

band showing the complex did not have measurable differences in this sample 

compared to controls.  However, there was an observed band which was lower 

than the intense bands across all samples.  This was interesting because it can be 

interpreted in different ways.  As PTEN transfected samples show decreased 

levels of active-β-catenin, they would also have less β-catenin-TCF complex 

formation.  However, if this was the case the main band should have appeared less 

intense than the other bands, not show an additional band running faster on the 

gel.  An additional band in an EMSA could be explained by the presence of a 

lighter complex causing the complex to move faster on the gel.  These results 

bring some discrepancy to the expected results of the EMSA.  Another 

explanation for this may be that since β-catenin and TCF binding involve a 

number of other components that work as the transcriptional machinery 

transcribing TCF target genes, the loss of these components may lead to a 

smaller/faster-moving complex.  In other words when there is less active-β-
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catenin available to bind TCF transcription factors to transcribe Wnt target genes, 

less transcription takes place and thereby all necessary components of the 

transcription complex may not be present.  A similar experiment in PTEN-null 

prostate cells by Persad and colleagues has shown reduced levels of complex 

formation in cells transfected with PTEN (Persad et al., 2001). A possible 

explanation for why a lack of change in the intensity of the main band was not 

detected may have been because the overall intensity of the bands was quite high 

due to overexposure.  This experiment would have to be re-done with an even 

more dilute concentration of nuclear extract and TCF binding oligonucleotide as 

the infrared signal is very strong.  The over expression of the bands may be 

masking the small decrease in the PTEN transfected samples.    

Since the EMSA showed decreased complex formation between β-catenin:TCF, it 

was necessary to study more specific effects of β-catenin transcriptional activity 

using TCF binding sequences.  To correlate with the high levels of active-β-

catenin observed in untreated A2058 cells, and the subsequent decrease observed 

with PTEN introduction, we wanted to see if this decrease would further decrease 

β-catenin/TCF transcriptional status. However due to several difficulties with the 

luciferase/TOPflash assay, the luciferase data obtained from all the studies was 

not consistent in any way from one experiment to another.  Several difficulties 

were encountered, one of which was very low transfection efficiency with a triple 

plasmid transfection.  It was very difficult to obtain an optimal transfection with 

high PTEN transfection efficiency along with pTOPflash along with keeping 

minimal background obtained with the pRenilla plasmid.  Another problem that 
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was encountered was the unexplainable high pFOPflash readings.  Since this 

plasmid had mutant TCF binding sites it was very confusing why the readouts 

would be higher than those of the wild-type pTOPflash plasmid.  The only way to 

identify the presence of a pTOPflash or pFOPflash plasmid was by the higher 

signal or low signal respectively of luciferase readings.  However since the 

readouts were quite unreliable, this may provide a false negative indication of 

transfection status.  Lastly, one other thing that was of concern in these 

experiments was high values for the pRenilla readings. As this plasmid is 

transfected at very low concentrations, simply to normalize the background 

readings, a minimal readout should be observed to be reliable.   

It was unfortunate that none of the experiments provided an ideal set of results.  

Since active-β-catenin is complexed to TCF, and induces activity of genes 

containing TCF DNA binding site in their promoter region (Persad et al., 2001) it 

would have been interested to see how PTEN has an effect on β-catenin mediated 

transactivation. Optimization of this experiment is a future direction of this 

project as it will provide the most accurate read out on the effect of the PI3K 

pathway on β-catenin:TCF activity. 

Since PTEN introduction in A2058 cells has been shown to decrease invasiveness 

and active-β-catenin levels and further decrease β-catenin:TCF complex 

formation, we looked at the effect on downstream Wnt target genes. A 

quantitative real-time PCR was carried out to determine changes in selected Wnt 

target genes, following PTEN transfection in PTEN null cells.  Since my data 
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confirmed that in fact the PI3K pathway does have a role in regulating active-β-

catenin, it was imperative to measure the effects in downstream β-catenin/TCF 

target genes, to ensure a functional effect. The selected genes Wnt target genes 

that were studied were VEGF-a, cyclin d1 and MMP-2.   

The effect of Wnt signaling on matrix metalloproteases has mainly been studied 

in T-cells, where blocking Wnt signaling has been shown to reduce T-cell 

migration due to decreased metalloprotease expression (Wu et al., 2007). 

Inhibition of the Wnt pathway in prostate cancer cells also shows decreased 

activity and protein levels of MMP-2 (Zi et al., 2005).  The metalloproteases are 

seen as direct target of Wnt/TCF activation 

(http://www.stanford.edu/group/nusselab/cgi-bin/wnt/target_genes).  Therefore 

the mRNA expression of these genes was used as a marker of the downstream 

effects of PI3K regulation on active-β-catenin.   

Another downstream Wnt target gene is VEGFa, a key regulator of tumour 

angiogenesis. VEGFa has implications in endothelial proliferation, tube 

formation, enhanced tumour neovascularization and angiogenesis (Dilek et al., 

2010).  Due to its nature VEGFa is overexpressed in the vast majority of cancers 

(Dilek et al., 2010).  Mutations in the Wnt pathway leading to overexpression of 

β-catenin have been shown to cause elevation of VEGFa and inhibition of the Wnt 

pathway has caused a down regulation in promoter activity as well as mRNA 

expression of VEGF in colon cancer cells (Zhang et al., 2001).   PI3K mediated 

activation of AKT has also been shown to increase VEGF mRNA expression 

http://www.stanford.edu/group/nusselab/cgi-bin/wnt/target_genes
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(Zhang et al., 2001).  Zhang and colleagues suggested a cooperative mechanism 

of VEGF regulation between the Wnt pathway and the PI3K pathway.   

β-catenin –TCF dependent gene targets are responsible for cell cycle regulation 

and development.  Cyclin D1 is a cell regulatory protein that is expressed at high 

levels during the G1 phase of the cell cycle.  Cyclin D1 binds to cyclin dependent 

kinases and proliferating cell nuclear antigens (Dilek et al., 2010).  Cyclin D1 has 

major implications in uncontrolled cell cycle regulation from G1 to S phase, 

therefore is also a protein found often overexpressed in many cancers.   

The high expression of these three genes, which are regulated by the Wnt 

signaling pathway, has major implications in cellular processes leading to cancer 

progression and loss of control in cell growth.  Since these genes are regulated by 

β-catenin acting as a transcriptional co-activator of TCF, the fact that inhibiting a 

dysregulated PI3K pathway by introducing PTEN, has an effect on these genes is 

very intriguing. Therefore it is very important to study how the expression of 

these genes can be down regulated as it may provide an outlook into the control of 

these genes.  The results of my project have shown a direct correlation between 

deregulation of the PI3K pathway and the status and functional roles of active-β-

catenin.  Although the mechanism by which these two pathways are connected is 

a future direction of this project.   
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Figure 4.3: Schematic showing reasoning of investigation: Stepwise strategy 

showing effects of PI3K pathway on active-β-catenin and thereby cellular 

processes such as invasion. 
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Chapter 5: Concluding Remarks and Future Directions  
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5.1 Concluding Remarks 

From the studies conducted in this thesis project, we investigated a possible 

regulatory pathway, the PI3K pathway, to jointly regulate β-catenin expression 

and localization in metastatic melanoma.   The loss of PTEN and its relationship 

to β-catenin levels was a novel area of study, and therefore was the focus of this 

project.  We have shown in two ways, PTEN transfection and drug treatment, that 

inhibition of the PI3K pathway decreased active-β-catenin expression. We have 

also seen that while the canonical Wnt pathway affected the phosphorylation, 

degradation and accumulation of total cellular β-catenin levels it did not have an 

effect on active-β-catenin.  How the PI3K pathway affects active-β-catenin 

expression is yet to be investigated.  Immunofluorescence analysis also confirmed 

these results, as active-β-catenin which showed localization mainly in the nucleus 

of the cell diminished with introduction of PTEN.  Further investigation into the 

downstream effect on β-catenin:TCF complex formation was investigated and an 

EMSA revealed a band shift, which may allude to decreased β-catenin:TCF 

complex formation as a result of PTEN re introduction.  Furthermore the effects 

of PTEN/PI3K were seen on downstream Wnt/β-catenin target genes, as mRNA 

expression of MMP-2, VEGFa and cyclin D1 decreased as a result of PTEN 

transfection.  As the result of this decreased expression of Wnt target genes, 

PTEN also substantially decreased invasiveness of metastatic melanoma cells.  

These results all put together show convincing evidence that the PI3K pathway 

regulates active-β-catenin expression by a yet unknown mechanism.  And this has 
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further implications in the functions of active-β-catenin.  Figure 5.1 provides a 

summary of this thesis project.     

 

Figure 5.1: Project Summary. 
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5.2 Future Directions 

The kinases that phosphorylate β-catenin as a part of the canonical Wnt signaling 

pathway leading to its degradation or accumulation have been extensively studied. 

However the mechanism that regulates the formation of active-β-catenin, causing 

its dephosphorylation at Serine 37 and Threonine 41, is yet to be determined.  

Since we have seen that the PI3K pathway plays a role in this regulation, the next 

step is to determine how this phosphorylation/ dephosphorylation pattern is 

regulated.  Looking at how PP2A affects active-β-catenin through progressive 

melanoma cell lines would provide a possible look into providing a link between 

the PI3K and Wnt pathways.   Also since PTEN and Wortmannin both showed a 

decrease in total endogenous levels of β-catenin, their effects on the 

phosphorylation status of β-catenin also need to be confirmed at earlier time 

points.  Secondly, since there was difficulty with obtaining data from the 

luciferase/ TOPflash experiments it is very important to optimize this experiment.  

As this will provide the most accurate read-out of the effect of the PI3K pathway 

on active-β-catenin’s role as a transcriptional co-activator, driving synthesis of 

TCF target genes.  If the exact mechanism by which active-β-catenin is regulated 

is uncovered, this could have promising potential for targeted therapeutics with an 

intervention halting metastasis.   
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Chemical Company Cat # 

Tween 20 Fisher BP337 

Sodium Chloride Fisher BP358 

Glycine Fisher BP381 

Ultrapure Tris Invitrogen 15504 

Methanol Fisher A412P-4 

Albumin from Bovine Serum Sigma A9647 

Gelatin, from cold water fish skin Sigma G7041 

Tricine: N-

[Tris(hydroxymethyl)methyl]glycine 

Sigma T5816 

Sodium dodecyl sulfate 

electrophoresis purity reagent 

Bio-Rad 161-0302 

Dual Luciferase Reporter Assay 

System 

Promega E1960 

Power Sybr Green PCR Master Mix Applied 

Biosystems 

4367659 

BD Matrigel Invasion Chamber BD Biosciences 354480 

Protease Inhibitor Cocktail Sigma P83480 

Western Lightning Plus-ECL Perkin Elmer NEL105001EA 

Superscript II Reverse Transcriptase Invitrogen 18064-014 

5X First-Strand Buffer (250 mM 

Tris-HCl, pH 8.3 at room  

temperature; 375 mM KCl; 15 mM 

MgCl2) 

Invitrogen  

0.1 M DTT Invitrogen  

Deoxyribonuclease I, Amplification 

Grade 

Invitrogen 18068-015 
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10X DNase I Reaction Buffer 

Invitrogen Y02340 

25 mM EDTA (pH 8.0) Invitrogen Y02353 

Oligo(dT)12-18 Primer Invitrogen 18418-012 

dNTP Mix Invitrogen  

Assay Plate 96 well flat bottom 

white polystyrene 

CoStar 3912 

MicroAmp Fast Optical 96 well 

reaction Plate 

Applied 

Biosystems 

4346906 

Recombinant Human Dickkopf 

Homolog 1 (DKK1) 

Gibco PHC9214 
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Appendix B: Buffer Recipes 

 

TBS-T Buffer 

10 mL 20% Tween solution 

10 mL 2M Tris (pH 7.6) 

11.68g NaCl 

Dissolve all in 2L of ddH2O 

Store at 4
o
C 

Transfer Buffer 

Glycine 14.4g 

Tris Base 3.03g 

200mL methanol 

Dissolve in total volume of 1L 

ddH2O 

Store at 4
o
C 

2M Tris 

60.57g Tris  

In 250mL volume ddH2O 

Adjust pH to 7.6 

10% APS 

0.1g Ammonium Persulfate 

In 1mL ddH2O 

Store at 4
o
C 

 

 

 

 

 

 

Ripa Buffer 

37.5ml of NaCl (1M Stock) 

12.5ml Tris Base (1M Stock) 

2.26ml NP-40 

1.25g Na-Deoxycholate 

0.250g SDS 

197.74ml ddH2O 

Blocking Buffer 

Use 5% Fish Gelatin in TBS-T 

Stock Acylamide/Bis (43.65%, 

1.35%) 

109.12g acrylamide 

3.37g bis-acylamide 

Volume up to 250 mL ddH2O 

Tricine Gel Buffer 

3M Tris 

0.3% SDS  

Volume upto 500mL with ddH2O 

Adjust pH to 8.45 

Inner Chamber 10X Buffer 

121.25g Tris 

180g Tricine 

40g SDS 

Volume up to 1L with ddH2O 

Adjust pH to 8.5 
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Outer Chamber 10X Buffer 

240g Tris 

Volume upto 1L with ddH2O 

Adjust pH to 8.5 

LB Medium 

10g bacto-tryptone 

5g bacto-yeast extract 

10g NaCl 

Volume upto 1L with ddH2O 

Adjust pH to 7.2 

Autoclave medium 

6X Loading Buffer 

7ml 4X TRIS-Cl/SDS pH 6.8 

3ml Glycerol 

1g SDS 

0.6ml Bromomercapto-ehanol 

1.2mg Bromophenol blue 

Volume upto 10ml with ddH2O 

10X TBE 

108g Tris Base 

55g Boric Acid 

7.5g EDTA 

Volume upto 1L with ddH2O 

 

 

 

 

10%Tricine Gel 

Separating Gel 

Stock Acrylamide 3.09ml 

Tricine Gel Buffer 4.50ml 

dd H2O 6ml 

10% APS 67.5ul 

TEMED 6.75 ul 

Stacking Gel 

Stock Acrylamide 540ul 

Tricine Gel buffer 1.50ml 

ddH2O 4ml 

10% APS 30 ul 

TEMED 6ul 

5% non-denaturing gel for EMSA 

Acrylamide Solution (30:0.8) 2.78ml 

10X TBE 1.67ml 

100% glycerol 830ul 

ddH2O 11.3ml 

10% APS 125ul 

TEMED 16.67ul 

5X DNA Loading Buffer 

2.5ml TBE Buffer 

2.5ml Glycerol 

Bromophenol Blue 

Xylene cyanol  

5ml ddH2O
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