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Abstract

Colon cancer constitutes the second most common cause of cancer death in many Western 

countries. The PTEN tumour suppressor gene, located on chromosome 10q23.3, is now 

recognised as the most highly mutated tumour suppressor gene. PTEN, a lipid and protein 

phosphatase, regulates the phosphatidylinositol 3-kinase (PI3K)/ Akt signalling pathway and 

modulates cell cycle progression and cell survival. Previous work at University of 

Technology of Sydney laboratory has shown that a significant proportion of sporadic 

colorectal tumours harbour PTEN mutations that alter gene function and may therefore 

contribute to the pathways of colorectal carcinogenesis. A total of 10 novel somatic mutations 

have been described. In order to determine the functional consequences of these colon 

cancer-associated PTEN mutations, the wild type (WT) PTEN gene was cloned into a 

mammalian expression vector system and each of the mutants were generated from this. The 

WT, and each of the mutant K62R, Y65C, K125E, K125X, E150Q, D153N, D153Y, V217A 

319X and N323K PTEN constructs were then transiently transfected into an U87MG 

glioblastoma PTEN null cell line and HCT116 colon cancer PTEN expressing cell lines that 

were then assayed for cell cycle phase distribution, Akt phosphorylation levels and cell 

proliferation. The analyses of endogenous suppression of Phospho Akt assay indicates 50% 

of PTEN mutants (Y65C, K125E, K125X, D153N, and 319 X) shows deficiency in the 

U87MG cell line and 70% of the mutants in the EICT116 cell line (Y65C, K125E, K125X, 

D153N, D153\ V217A and 319X) had deficiency in suppressing endogenous

phosphorylated Akt. The results obtained show 50% (Y65C, K125X, K125E, D153N and 

319X) of the PTEN mutants had functional deficiency in cell cycle inhibitory capacity in the 

S phase in the U87MG cells; in contrast 80% (Y65C, K125X, K125E, E150Q, D153N, 

D153Y, V217A and 319X) of the PTEN mutants had functional deficiency in cell cycle 

inhibitory capacity in the S phase in the HCT116 cells. The results obtained show 60% of the 

PTEN mutants (K62R, Y65C, K125E, K125X, D153N and 319X) had alteration in cell 

proliferation rate in U87MG cells. In contrast in the HCT116 cell lines, 80% of the PTEN 

mutants (Y65C, K125E, K125X, E150Q, D153N, D153Y, V217A and 319X) had alteration 

in cell proliferation rates. These three functional assays of the mutations tested show an 

alteration of PTEN function. This was observed as a marked reduction in the ability of these 

PTEN mutants to bring about a level of cycle arrest, reduction of Akt phosphorylation levels 

and cell proliferation, compared to that observed with the WT PTEN gene product. These 

studies reveal that PTEN gene somatic mutations do alter PTEN function and are therefore

xix



likely to contribute to the process of colorectal carcinogenesis and may mediate a PTEN- 

associated carcinogenic pathway in these tumours.
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Chapter 1: Literature review

1.1 Cancer: an introduction

Cancer is thought to result from a combination of uncontrolled cellular proliferation and 

cellular immortality (lack of apoptosis). The progression of normal cells to malignancy 

is a multi-step process during which cancer cells lose their ability for normal, regulated 

cell growth and apoptosis [Boland, 2002; Herzig and Christo fori, 2002], Cells escape 

the normal growth control mechanisms as a consequence of: (1) activating (i.e. gain of 

function) mutations and/or increased expression of one or more cellular protooncogenes 

and/or (2) inactivating (i.e. loss of function) mutations and/or decreased expression of 

one or more tumour suppressor genes [Cantley and Neel, 1999a], Genes commonly 

mutated in human cancer belong to one of three major classes of cancer-related genes. 

These consist of: (A) the oncogenes, which are mainly dominant, growth stimulating 

genes, (B) the tumour suppressor genes, which are growth inhibitory genes that in most 

cases act recessively (Figure 1.1), and (C) the mismatch repair genes, inactivation of 

which leads to a hyperinutable state due to the loss of the ability to repair DNA [Chung 

and Rustgi, 1995; Weinberg, 1994], These classes of cancer genes have been identified 

through their alteration in human cancers and by their elicitation of cancer phenotypes 

in experimental models [Bishop, 1996]. Oncogenes are normal genes responsible for the 

regulation of controlled cellular proliferation [Sherr, 1996]. Mutation of oncogenes 

usually results in uncontrolled cellular proliferation and, ultimately, cancer [Knudson, 

1985], Tumour suppressor genes were first described in Knudson's study of the 

epidemiology of childhood retinoblastoma [Knudson and Strong, 1972], While 

oncogene mutations lead to a dominant gain of function, mutations in tumour 

suppressor genes leads to recessive loss of function [Kinzler and Vogelstein, 1996; 

Kinzler and Vogelstein, 1997].

Most oncogene and tumour suppressor gene products are components of signal 

transduction pathways that control cell cycle entry or exit, promote differentiation, 

sense DNA damage and initiate repair mechanisms, and/or regulate cell death programs. 

In 1971, Alfred Knudson [Knudson, 1985] developed the "two-hit hypothesis" model of 

carcinogenesis which is a very fundamental concept in cancer genetics. In the
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Figure 1.1 The cellular functions of oncogenes and tumour suppressor genes. (A) Oncogenes are 
mutated forms of normal cellular genes involved in growth signalling pathways (proto-oncogenes). When 
these genes become mutated the cell does not require the presence of pro-growth signals (e.g. growth 
factors) in order to undergo cell division. (B) Tumour suppressor genes are genes often involved in the 
pathways of apoptosis. Normally tumour suppressors detect breaks or defects in the DNA, and, if such 
defects are present at low levels, these proteins will pause the cell cycle and activate DNA repair 
mechanisms. It such defects are present at a high level, the tumour suppressors shut down the cell cycle 
or activate apoptosis. When these genes are inactivated (by mutation or deletion) the cell will not undergo 
either of the above mentioned events [Figure after Brandon Stott et al ].

2



two-hit model, both alleles of a tumour suppressor gene (TSG) must be inactivated to 

trigger tumour formation in both hereditary and sporadic cancer. According to the 

hypothesis, the kinetics of multistep tumourigenesis is dramatically faster in hereditary 

than in sporadic cases because one genetic hit is inherited [Knudson, 1971] (Figure 1.2).

Interestingly, recent reports have now challenged the two-hit hypothesis with the 

demonstration that mutation or loss of a single allele may be sufficient to exert a cellular 

phenotype that leads to tumourigenesis without inactivation of the second allele [Fodde 

and Smits, 2002], This gene dosage effect, tenned haploinsufficiency (Figure 1.2), has 

now been demonstrated in a number of tumour types [Song et al., 1999; Venkatachalam 

et al., 1998], It has now become apparent that mutations in tumour suppressor genes are 

not always completely recessive [Goss et al., 2002; Gruber et al., 2002; Spring et al., 

2002], Haploinsufficiencey occurs when one allele is insufficient to confer the full 

functionality produced from the presence of two wild-type alleles.

1.2 Colorectal cancer

Colorectal cancer (CRC) is one of the most frequent malignancies in Western countries 

[Jemal et al., 2005] and is the third most commonly diagnosed cancer in both men and 

women worldwide [Carrithers, 2003; Greenlee et al., 2001; Hawk et al., 2002; Shike et 

al., 1990], In 2007, an estimated 153,760 new cases were diagnosed and 52,180 deaths 

from colorectal cancer occurred worldwide [Hayat et al., 2007], Colorectal tumours 

present with a broad spectrum of neoplasms, ranging from benign growths to invasive 

cancer, and are predominantly epithelial derived tumours (i.e. adenomas or 

adenocarcinomas) [Zauber et al., 2002],

A colorectal tumour develops as the result of the progressive accumulation of 

genetic and epigenetic alterations that leads to the transformation of normal colonic 

epithelium to colon adenocarcinoma [Fearon and Vogelstein, 1990b], Colorectal cancer 

develops over a 10-15 year period and progresses through parallel histologic and 

molecular changes [Grady and Markowitz, 2002], The observation of an increased 

incidence of CRC among people with a family history of colorectal cancer; and the 

existence of families in which multiple family members are affected with CRC, 

indicates a genetic component to the development of this cancer [Burt, 1996; Lynch and 

Smyrk, 1996; Schoen, 2000],
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Figure 1.2. Mechanisms of loss of tumour-suppressor gene function in cancer. In a and 6, the
classical Knudson two-hit model involves an initial mutational event (vertical arrowhead) that leads to 
gene inactivation during tumour development. Blue shaded bars indicate inactivated genes. Loss of 
heterozygosity (LOH) by non-disjunction, mitotic recombination or deletion results in the functional 
inactivation of both alleles. If the first mutation is inherited through the germ line, individuals carrying 
this mutation are often highly predisposed to tumour development. In c, the mutational event can be 
followed by gene silencing through promoter methylation (vertical arrow heads) without LOH. d, 
Biallelic silencing of both gene copies without LOH or gene mutation, e and/ Haploinsufficient tumour 
suppressor genes do not need to lose both functional copies to confer increased risk. Loss of a single gene 
copy may occur by mutation, deletion or silencing, and the other functional allele may be retained. In 
some examples (/), a partially or completely nonfunctional allele may be inherited through the germ line, 
predisposing an individual to tumour development without requiring LOH or complete functional 
inactivation. Some 'low-penetrance' tumour susceptibility genes may be in this category Figure after 
[Balmain et al., 2003].
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1.2.1 Epidemiology of colorectal cancer

Epidemiological studies have shown that a history of colon adenomas places one at risk 

of developing colon cancer [Neugut et al., 1993], Two complementary interpretations of 

this observation are (1) that the adenoma may reflect an innate or acquired tendency of 

the colon to form tumours; and (2) that adenomas are the primary precursor lesion of 

colon cancer. Over 95% of colorectal cancers are carcinomas, and about 95% of these 

are adenocarcinomas [Fenoglio and Lane, 1974; Morson, 1974; Muto et al., 1975; 

Shinya and Wolff, 1979; Stryker et al., 1987], Other risk factors that may also influence 

the development of adenomatous polyps and colorectal cancer risk include certain 

dietary factors. A diet high in total fat, and meat (either red or white meat) appears to be 

associated with an increased risk of developing CRC [Alberts et al., 2000; Baron et al., 

1999; Fuchs et al., 1999; Giovannucci et al., 1998; Meyer and White, 1993; Michels et 

al., 2000; Newcomb et al., 1993; Potter, 1992; Rose et al., 1986; Schatzkin et al., 2000; 

Terry et al., 2001b; Zheng et al., 1998], Cigarette smoking is associated with an 

increased tendency to form adenomas that develop into colorectal cancer [Chao et al., 

2000; Terry et al., 2001a]. Also, a sedentary lifestyle has been associated in some, but 

not all, studies with an increased risk of CRC development [Friedenreich, 2001; Kune et 

al., 1990; Slattery et al., 1988; White et al., 1996]. Some studies have reported an 

association between aspirin use and decreased adenomatous polyp development and 

colon cancer incidence [Baron et al., 2003; Smalley et al., 1999; Stunner et al., 1998; 

Thun et al., 1991], In addition, studies have suggested a decreased risk of colon cancer 

among users of postmenstrual female hormone supplements [Grodstein et al., 1999; 

Terry et al., 2002]. Colonoscopy with removal of adenomatous polyps may also reduce 

the risk of colorectal cancer [Winawer et al., 1993].

1.2.2 Genetics of colorectal cancer

Colorectal cancer may be acquired in individuals either with (familial) or without 

apparent family history (sporadic) of colorectal cancer [Half and Bresalier, 2004], The 

sporadic form accounts for approximately 80-85% of all colorectal cancers [Cruz- 

Bustillo Clarens, 2004; Michor et al., 2005a]. The remaining 15% of CRC patients have 

a traceable genetic contribution [Aaltonen et al., 1993; Burt, 2000; Michor et al., 2005a; 

Rustgi, 1994],

The overall lifetime risk of CRC is 2.5 to 5 percent in the general population but 

is two to three times higher in people who have a first-degree relative with colon cancer
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[Burt et al., 1995; Rudy and Zdon, 2000]. Thus, a family history of CRC confers a 5 to 

10 percent lifetime risk of colon cancer . The most common hereditary forms of CRC 

are familial adenomatous polyposis (FAP) and hereditary non-polyposis colorectal 

cancer (HNPCC), although there are other less common hereditary forms and also other 

syndromes associated with predisposition [Cruz-Bustillo Clarens, 2004],

1.2.2.1 Hereditary Colorectal cancer

The inherited forms of colorectal cancer account for approximately 1% of all CRC cases 

and they are generally divided into the polyposis (those characterised by the presence of 

polyps) and nonpolyposis (those without polyps) syndromes [Calvert and Frucht, 2002]. 

Familial Adenomatous polyposis (FAP) is the most common inherited polyposis 

disorder of the gastrointestinal tract in which there are usually 100 or more 

precancerous polyps [Winawer et al., 2003]. Hereditary nonpolyposis colorectal cancer 

(HNPCC) is the most common inherited nonpolyposis syndrome characterised by the 

presence of only a small number of precancerous polyps in the colon and an increased 

tendency to develop colon or rectal cancer [Vasen, 2000].

1.2.2.2 Hereditary Colorectal cancer without polyposis: Hereditary nonpolyposis 

colorectal cancer (HNPCC)

Hereditary nonpolyposis colorectal cancer is an autosomal dominant condition caused 

by a germline mutation in one of several DNA mismatch repair (MMR) genes (Table 

1.1) [Miyaki et al., 1997; Peltomaki and Vasen, 1997], It is also referred to as Lynch 

syndrome and Cancer Family Syndrome, with an incidence of 1 in 500 individuals, and 

an average age at onset of 40-50 years [Aaltonen et al., 1998], HNPCC accounts for 

about 3-5% of all colorectal cancer cases [De Jong et al., 2004], Individuals affected by 

HNPCC develop very few colorectal polyps [Boland et al., 1998; Lynch et al., 1991; 

Lynch et al., 1993], but these polyps tend to be malignant and can progress very rapidly 

to cancer, within 1-2 years [Calvert and Frucht, 2002], Cancers are found predominantly 

in the right side of the colon [Lynch and de la Chapelle, 1999] and in some individuals 

with HNPCC, susceptibility is also increased to other types of cancers including uterine, 

ovarian and gastric cancers [Neibergs et al., 2002], Six different genes have been 

implicated (MLH1, MSH2, MSH3, MSH6, PMS1 and PMS2), all of which function in 

the repair of damaged DNA and are referred to as mismatch repair (MMR) genes [Baker 

et al., 1995; Chung and Rustgi, 1995; Nicolaides et al., 1994; Papadopoulos et al.,
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1995]. The more commonly mutated genes in HNPCC are MSH2 and MLH1, and, more 

rarely, MSH6, PMS1 and PMS2 have been found to be mutated in HNPCC kindreds 

[Marra and Boland, 1995; Peltomaki and Vasen, 1997] (Table 1.1). The DNA mismatch 

repair system functions as a critical "‘spell checker that identities and then corrects any 

mismatched base pairs during DNA replication [Chung and Rustgi, 2003], The 

consequence of mismatch repair deficiency is inability to repair mis-incorporated bases, 

leading to the accumulation of mutations (i.e. a hypermutable state) [Wang et al., 2002], 

This is observed as microsatellite instability (MSI), the hallmark of defective mismatch 

repair. MSI is the hallmark of MMR deficiency and is observed in 95% of HNPCC 

tumours.

The diagnosis of HNPCC is based on the fulfilment of clinical criteria. The original 

Amsterdam criteria of 1990 [Vasen et al., 1991] have now been modified to a set of less 

stringent guidelines: the modified Amsterdam and Bethesda criteria [Vasen et al., 1999] 

and later the revised Bethesda guidelines [Boland et al., 1998; Laghi et al., 2004; Syngal 

et al., 1999; Terdiman et al., 2001; Umar et al., 2004],
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Table 1.1 Genes involved in hereditary colon cancer

Familial
Cancer
Syndrome

Gene(s) Involved Gene Function Chromosomal
Location

Tumour Types 
Observed

Hereditary
Nonpolyposis
Colon
Cancer
(HNPCC)

DNA mismatch 
repair protein 
( MSI 12 )

DNA mismatch 
repair protein 
(MLH1)

DNA mismatch 
repair

DNA mismatch 
repair

2p22-p21

3p21.3

colon cancer

colon cancer

Familial
adenomatous
polyposis
(FAP)

Adenomatous 
polyposis coli 
(APC)

Signalling to 
nucleus through 
Adhesion 
molecules

5q21-q22 colon cancer

Peutz-Jeghers
Syndrome
(PJS)

Serine threonine 
kinase (STKI1) 
LKBl

Phosphorylates 
and activates 
AMP-activated 
kinase (AMPK), 
involved in stress 
responses, lipid 
and glucose 
metabolism

19p 13.3 hyperpigmentation, 
multiple 
hamartomatous 
polyps, colorectal, 
breast and ovarian
cancers

Juvenile
Polyposis
Syndrome
(JPS)

Mothers against
decapentaplegic,
Drosophila
(homolog 4)
MADH4
(previously
SMAD4)

Regulation of
TGF-(3/BMP
signal
transduction

18q21.1 Colon cancer

Bone
morphogenetic 
protein receptor
1A bBMPRlA.

BMP pathway 10q22-23 Colon cancer

Turcot’s
Syndrome
(TS)

APC Involved in cell 
adhesion with a 
role in the [3- 
catenin-APC 
interaction

5q21 Malignant tumours 
of the central 
nervous system 
associated with 
familial polyposis 
of the colon. TS 
related to MMR 
genes is associated 
with glioma and 
colorectal 
adenomas without 
polyposis

MLH1 Mismatch repair 3p21.3

postmeiotic 
segregation 
increased 2 PMS2

Mismatch repair 7p22
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1.2.2.3 Hereditary colorectal cancer with polyposis 

1.3.2.1.2A Familial adenomatous polyposis (FAP)

Familial adenomatous polyposis (FAP) is an autosomal dominant condition with a 

prevalence of 1/10,000 [Potter, 1999] to 1/7000 [Kinzler and Vogelstein, 1996]. 

Clinically FAP is characterised by multiple (>100) adenomatous polyps in the colon 

and rectum developing after the first decade of life [Calvert and Frucht, 2002; de la 

Chapelle, 2004], Variant features, in addition to the colonic polyps, may include polyps 

in the upper gastrointestinal tract, extra intestinal manifestations such as osteomas and 

epidermoid cysts, desmoid formation, congenital hypertrophy of retinal pigment 

epithelium, and other malignant changes such as thyroid tumours, small bowel cancer, 

hepatoblastoma, and brain tumours [Bulow, 1987; Bulow, 1991; Lindor et al., 2003; 

Young et al., 2002], It is caused by dominant, germline mutations in the adenomatous 

polyposis coli (APC) gene, a tumour suppressor that normally functions in a molecular 

signalling pathway involved in the control of cell proliferation [Groden et al., 1991; 

Kinzler and Vogelstein, 1996; Kuraguchi et al., 2006] (Table 1.1). The mutations 

observed in APC are nearly exclusively those that create “stop'’ codons (i.e. those that 

terminate translation) and give rise to a truncated, non-functional protein [Polakis, 

1995]. Individuals who inherit a mutant APC gene have a very high likelihood of 

developing colonic adenomas. The risk has been estimated to be more than 90% with 

the age at onset of adenomas in the colon being variable [Bulow, 1987; Goss and 

Groden, 2000], By age 10, only 15% of FAP gene carriers manifest adenomas; by age 

20, the probability rises to 75%; and by age 30, 90% would have presented with FAP 

[Berk et al., 1999; Bulow, 1987; Petersen et al., 1991], Without any intervention, most 

individuals with FAP will develop colon or rectal cancer by the fourth decade of life 

[Bulow, 1987], Thus, screening and intervention for ‘at risk’ individuals has 

conventionally consisted of annual sigmoidoscopy beginning around puberty. The 

objective of this regimen is early detection of colonic polyps or preventive colectomy 

[Jagelman, 1989; Varesco, 2004],

1.3.2.1.2B Juvenile polyposis syndrome (JPS)

Juvenile polyposis syndrome is a rare autosomal dominant disorder characterised by 

early onset hamartomatous polyps in the gastrointestinal tract [Howe et al., 2004], 

About 15-20% of cases are found to be associated with germline mutations of the
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SMAD4/DPC4 gene, on chromosome 18q21 [Howe et al., 1998], or mutations in the 

gene encoding bone morphogenic protein receptor 1A (BMPR1A) residing on 

chromosome band 10q22 [Howe et al., 2001; Zhou et al., 2001b] (Table 1.1).

1.3.2.1.2C Peutz-Jegher’s syndrome (PJS)

Peutz-Jegher's syndrome is another rare, autosomal dominant disease that is associated 

with colorectal cancer [Amos et al., 1997], This syndrome has been attributed to 

germline mutations in the serine/threonine kinase 11 (STK11 also known as LKB1) gene 

at chromosome 19p 13.3 [Gruber et al., 1998; Hemminki et al., 1998; Jenne et al., 1998] 

(Table 1.1). Benign multiple hamartomas occurring throughout the gastrointestinal tract 

are characteristic of this disorder [Jeghers et al., 1949; McGarrity et al., 2000], Peutz- 

Jegher's polyps can be distinguished from harmatomas of other harmatoma syndromes 

[Hemminki etal., 1999]. Clinically, Peutz-Jeghers polyps are often symptomatic 

(intussusception, rectal bleeding), whereas CS polyps are rarely so (Eng et al., 2001). 

The lifetime relative risk of colorectal cancer in individuals with Peutz-Jegher's 

syndrome is estimated to be 2-13% [Burt et al, 2000].

1.3.2.1.2D Turcot syndrome

Turcot syndrome, characterised by early-onset colon cancer and brain cancer [Cruz- 

Bustillo Clarens, 2004], was once thought to be inherited in an autosomal recessive 

manner because of the perceived lack of family history in some patients. The clinical 

presentation varies from numerous colonic polyps to a single polyp or CRC. The 

molecular basis of most cases of Turcot syndrome is either mutation in the APC gene, 

which is associated with familial adenomatous polyposis (FAP), or mutation in the 

mismatch repair genes associated with HNPCC [Hamilton et al., 1995; Lynch and 

Lynch, 1998], Typically individuals with APC mutations have more polyps; however, a 

significant overlap in polyp number occurs between individuals with Turcot syndrome 

caused by APC mutations and those with Turcot syndrome caused by MMR gene 

mutation (table 1.1) [Hamilton et al., 1995]. The pathology of the central nervous 

system tumour can help distinguish between the underlying genetic causes, since 

medulloblastomas are more commonly associated with APC mutations while 

mismatch repair mutations are more commonly associated with glioblastomas [Itoh et 

al., 1993; Lowichik et al., 2003],
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1.3.2.1.3 Lhermitte-Duclos disease (LDD).

Most, if not all, adult-onset Lhermitte-Duclos disease (dysplastic gangliocytoma of the 

cerebellum, a hamartomatous overgrowth known to be a feature of CS) can be attributed 

to mutations in PTEN, even in the absence of other clinical signs of CS/BRRS. 

However, germline PTEN mutations appear to be rare in individuals with childhood- 

onset LDD [Zhou et al 2003a].

1.3.2.1.4 Genotype-phenotype correlations

The mutational spectra of BRRS and CS have been shown to overlap, thus lending 

formal proof that CS and BRRS are allelic [Marsh et al 1999], No difference in 

mutation frequencies was observed between BRRS occurring in a single individual in a 

family and BRRS occurring in multiple family members. More than 90% of families 

with CS-BRRS overlap were found to have germline PTEN mutations. In addition, the 

presence of PTEN mutations in BRRS was found to be associated with the development 

of lipomas and tumours of the breast [Marsh et al 1999], Therefore, individuals with 

BRRS and PTEN mutations may have increased cancer risks (despite the fact that this 

syndrome was previously not believed to be associated with malignancy).

1.4 Sporadic Colorectal Cancer

1.4.1 Molecular mechanisms in colon carcinogenesis

Colorectal cancer results from the progressive accumulation of genetic and epigenetic 

alterations that lead to the transformation of normal colonic epithelium to colon 

adenocarcinoma [Grady, 2004], Critical events in this progression include the loss of 

proliferative control, failure to undergo apoptosis, the onset of neoangiogenesis, 

remodelling of tissues, the invasion of tumour cells into adjacent tissue, and ultimately, 

the metastases of tumour cells to remote organs [Herzig and Christofori, 2002], From an 

analysis of the molecular genesis of colon cancer, four central tenets concerning its 

pathogenesis have been established. The first is that cancer emerges through a multistep 

progression at both the molecular and the morphological levels [Fearon and Vogelstein, 

1990a], The second tenet is that the genetic and epigenetic alterations that underlie 

colon cancer formation promote cancer formation by providing a clonal growth 

advantage to the cells that acquire them. The third is that loss of genomic stability is a 

key molecular step in cancer formation [Lengauer et al., 1998]. The fourth is that
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hereditary cancer syndromes frequently correspond to germline forms of key genetic 

defects whose somatic occurrences drive the emergence of sporadic colon cancers 

[Kinzler and Vogelstein, 1996],

1.4.2 Genetics of sporadic colorectal cancer

Molecular alterations involved in sporadic colorectal cancer are heterogeneous 

[Lengauer et al., 1997b]. The different pathways of tumourigenesis can be grouped into 

three broad categories of pathways in which tumours exhibit either (a) microsatellite 

instability (MSI or MIN), (b) chromosomal instability (CIN) (subdivided into 

aneuploidy and chromosomal alterations) and (c) alterations in CpG methylation 

leading to the CpG island methylator phenotype (CIMP) [Lengauer et al., 1998], Other 

specific genetic events occur at increased frequency as a consequence of the presence of 

either chromosomal instability, microsatellite instability or CpG island methylation 

alterations [Baglioni and Genuardi, 2004; Chan et al., 2002; Charames and Bapat, 2003; 

Clements et al., 2003; Eshleman et al., 1998; Goel et al., 2003; Rashid et al., 2001], 

These tumour types are discussed in more detail below.

1.4.2.1 Microsatellite instability (MSI) and the ‘mutator’ phenotype

The mutator phenotype accompanying the inactivation of mismatch repair genes is 

readily recognised by the induction of ubiquitous frame shift mutations within 

microsatellite repeat sequences, a tumour phenotype dubbed MSI [de la Chapelle,

2004]. Nucleotide sequence mismatches occur when DNA polymerase inserts the wrong 

base in a newly synthesised DNA strand [Cruz-Bustillo Clarens, 2004], Such errors are 

usually quickly corrected by a molecular proof reading mechanism [Buermeyer et al., 

1999], The DNA mismatch repair system works as a “spell checker' that identifies and 

then corrects mismatched base pairs in the DNA [Chung and Rustgi, 2003], Deficient 

mismatch repair occurs in approximately 15-20% of all sporadic colorectal cancers 

[Cunningham et al., 1998; Lothe et al., 1993; Peltomaki and Vasen, 1997], Loss of 

MMR function renders tumour cells susceptible to the acquisition of somatic mutations 

throughout the genome [Marra and Boland, 1995; Peltomaki, 2001; Yamamoto et al., 

2002], Inactivation of MMR genes occurs through either mutation in one or more of the 

genes or through silencing of MMR gene expression by promoter hypermethylation [De 

Jong et al., 2004], Instability of microsatellite sequences in sporadic colorectal cancer

12



exhibiting MSI is most often due to loss of expression of MLHl by epigenetic silencing 

[Kane et al., 1997; Veigl et al., 1998]. MSI is thought to occur as an early event in 

colorectal cancers affected by MMR deficiency [Liu et al., 1995], Alterations in at least 

six of the genes that encode proteins involved in the MMR system have been identified 

in either HNPCC or sporadic colorectal cancer. Cancer cells that possess MSI have a 

mutation rate that is two to three orders of magnitude greater than that observed in 

normal cells [Lengauer et al., 1997b],

1.4.2.2 Chromosomal instability (CIN)

Chromosomal instability (CIN) is the most common type of genomic instability 

observed in colon cancer and occurs in approximately 85% of colonic tumours [Grady, 

2004], The degree of genetic instability ranges from an accelerated rate of mutation, 

arising from defects in DNA repair, to gross changes in DNA content that result from 

eiTors in the division of chromosomes during mitosis [Hardy et al., 2000; Michor et al., 

2005b], A large number of genes that trigger CIN when mutated have been identified in 

the yeast Saccharomyces cerevisia [Kolodner et al., 2002; Nasmyth, 2002; Shonn et al., 

2000], These so called ‘CIN genes' are involved in chromosome condensation, sister- 

chromatid cohesion, kinetochore structure and function, and microtubule formation as 

well as in cell cycle checkpoints. By comparison with yeast, several hundred human 

CIN genes are expected, but only a few have been identified to date [Cahill et al., 1998], 

Generally, a given colorectal cancer will either exhibit MSI or CIN but not both 

[Brumer et al., 2006; Lengauer et al., 1997b],

The recognition that colon cancers display recurrent and tumour-specific 

chromosomal abnormalities implies that this process is not random or simply accessory. 

Colorectal cancers exhibiting CIN are typically aneuploid, and the degree of CIN 

appears to correlate with the degree of instability and clinical outcome with a more 

lethal outcome for a greater level of CIN [Hermsen et al., 2002; Ried et al., 1999; 

Rooney et al., 1999],

1.4.2.3 Alteration in CpG methylation: the CpG island methylator phenotype

Pioneering work by Bird and co-workers in the early 1990s demonstrated that in normal 

cells, DNA methylation patterns are conserved through cell divisions, allowing the 

expression of the genes necessary for that cell and inhibiting the expression of other 

genes [Antequera et al., 1990], Aberrant methylation has been found to contribute to
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tumourigenesis in some colon cancers [Cui et al., 1998; Jen et al., 1994], In some 

cancers, tumour suppressor genes are hypermethylated, which is as effective and 

efficient in inactivating them as mutation or deletion through loss of heterozygosity 

(LOH) [Boland, 2002], The CpG island methylator phenotype (CIMP) was originally 

observed in a subset of colorectal cancers but has since been found in many different 

neoplasms tested to date [Issa, 2004], including cancers of the stomach [Kim et al., 

2003; Toyota et al., 1999], liver [Shen et al., 2002], pancreas [Ueki et al., 2000] and in 

acute myelogenous leukemia [Toyota et al., 2001]. Indeed, a distinct subset of many 

tumour types has a CpG island methylator phenotype, which has been defined as a 3-5 

fold increase in the frequency of aberrant hypermethylation events [Issa, 2004], Genes 

involved in cell-cycle regulation, tumour cell invasion, DNA repair, chromatin 

remodelling, cell signalling, transcription and apoptosis are known to become aberrantly 

hypermethylated and silenced in nearly every tumour type. This provides tumour cells 

with a growth advantage [Chan et al., 2002], Aberrant hypermethylation, an early event, 

is detectable in precursor lesions, indicating that it directly contributes to transformation 

that arises from genetic alterations [Song et al., 2005; Strichman-Almashanu et al., 

2002],

Several genes have been identified that are prominently hypermethylated in CIMP 

positive colon cancers and these include APC, hypermethylated in cancer-1 (HIC-1), 

tissue inhibitor of metalloproteinase 3 (TIMP-3), PTEN, pi6 (INK4A/MTS- 

1/CDKN2A), pl4AR'\ and the retinoic acid receptor P, 0(l-methylguanine-DNA 

methyltransferase (MGMT) [Toyota et al., 1999], The CIMP pathway can lead to 

tumour development directly through hypermethylation and silencing of a variety of 

tumour suppressor genes or indirectly through silencing of hMLHl leading to 

inactivation of DNA mismatch repair and consequent MSI [Jubb et al., 2001; Lengauer 

et al., 1997a; Pao et al., 2000],

1.5 The tumour suppressor gene PTEN
1.5.1 PTEN: An introduction

The phosphatase and tensin homologue deleted on chromosome ten (PTEN), also 

known as MMAC1 (mutated in multiple advanced cancers 1) and TEP1 (TGF [1- 

regulated and epithelial cell enriched phosphatase 1) [Cantley and Neel, 1999b; Li et al., 

1997; Maehama and Dixon, 1999; Simpson and Parsons, 2001; Steck et al., 1997] is a 

tumour suppressor gene known to be mutated or deleted in multiple human tumours,
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including those from brain, breast, endometrium, kidney, prostate, melanoma and colon 

[Cantley and Neel, 1999b; Li et al., 1997; Maehama and Dixon, 1999; Nassif et al., 

2004; Simpson and Parsons, 2001; Steck et al., 1997], PTEN is a dual-specificity 

phosphatase with both lipid and protein phosphatase activity. The major substrate of 

PTEN is phosphatidylinositol-3,4,5-trisphosphate (PIP3), a lipid second messenger 

molecule [Cantley and Neel, 1999b; Maehama and Dixon, 1999; Weng et al., 2001a], 

PIP3 activates numerous downstream targets, including the serine-threonine kinase 

protein kinase B (PKB)/Akt, which is involved in apoptosis, cellular proliferation, and 

oncogenesis [Gerber et al., 1998], Through dephosphorylation of PIP3, PTEN acts as a 

negative regulator of the phosphoinositide-3-kinase (PI3K)/Akt pathway. In fact, the 

major mechanism of tumour suppression by PTEN is through the negative regulation of 

the PI3K/Akt pathway, a pro-proliferative and anti-apoptotic pathway [Hamada et al.,

2005],

1.5.2 PTEN domain structure and function

The PTEN gene, located on chromosome 10q23, contains nine exons and encodes a 

protein of 403 amino acids in length, with a relative molecular weight of approximately 

47 kDa. The PTEN protein consists of an N-terminal phosphatase catalytic domain 

(residues 7-185), and a C-terminal domain (residues 186-351) that includes a C2 

domain (Figure 1.3) [Rizo and Sudhof, 1998], The N-terminal phosphatase domain 

contains a consensus dual specificity protein tyrosine phosphatase (PTP) motif 

(HCXXGRXXR) at residues 123-130 which is essential for enzymatic activity and 

tumour suppressor function [Lee et al., 1999], In the crystal structure of PTEN, this 

motif has been shown to form a loop (P-loop) located at the bottom of the active site 

pocket [Lee et al., 1999], The PTEN catalytic site is larger than that of other PTPs in 

order to accommodate the larger lipid substrates [Lee et ah, 1999].
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Figure 1.3 Human PTEN protein domain structure. The catalytic domain of PTEN is located in the 
amino terminal domain of the protein extending from residues 7-185. This same domain is further 
involved in targeting the enzyme to the lipid bilayer. Directly adjacent to the catalytic domain, and 
extending to residue 351, is a C2 domain, which is crucial for proper association of the enzyme with the 
membrane environment. Located within the carboxy terminal region of the enzyme is a site for the 
binding of PDZ domain containing proteins. Although the N-terminal phosphatase and C2 core of the 
protein are sufficient for the modulation of intracellular phosphatidylinositol-3,4,5,-triphosphate levels, 
additional regulation and or/targeting of PTEN activity seems to be affected by sequences outside of this 
central region, including phosphorylation sites located within the C-terminal region of PTEN. [Figure 
after [Chalhoub et al., 2008].
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The C-terminal C2 domain of PTEN contains the lipid binding C2 domain which 

confers affinity for phospholipid membranes in vitro. The C2 domain is believed to be 

required for the correct positioning of PTEN at the plasma membrane, the site of the 

lipid substrates of PTEN [Das et al., 2003; Georgescu et al., 1999; Lee et al., 1999], C2 

domains are found in a number of proteins that are involved in phospholipid-mediated 

intracellular signal transduction and/or phospholipid metabolism [Rizo and Sudhof, 

1998], In addition, the N-terminus of PTEN has recently been shown to contain a 

phosphatidylinositol-4,5-diphosphate (PIP2) binding motif (residues 1-14), which is 

also essential for PTEN membrane binding and activity [Downes et al., ; Funamoto et 

al., 2002; Maehama et al., 2001]. Thus the recruitment of PTEN to sites of the plasma 

membrane where signalling takes place is dictated by the combination of electrostatic 

interactions with plasma membrane lipids and protein-protein interactions with 

membrane-associated proteins.

The C-terminal tail region (residues 351-403) contains a cluster of serine and 

threonine phosphorylation sites, two PEST (sequence enriched in proline (P), glutamate 

(E), serine (S) and threonine (T)) motifs at residues 350-375 and 379-396 [Georgescu et 

al., 1999], and a PDZ (PSD-95/Dlg/ZO-l homology) domain (residues 400-403), which 

is important in protein-protein interactions with other PDZ domain containing proteins 

[Das et al., 2003; Leslie and Downeset al, 2004; Wu et al 2000., ; Valiente et al., 2005]. 

Phosphorylation of residues within the C-terminal tail region (S380, T382, and T383) is 

important for PTEN stability (Figure 1.4) [Kim and Mak, 2006; Torres and Pulido, 

2001],

Analysis of the crystal structure of PTEN indicates that the N-terminal 

phosphatase and the C-terminal C2 domain associate across an extensive surface located 

adjacent to the catalytic site [Simpson and Parsons, 2001], Amino acid residues located 

at the surface of the interaction between the two domains therefore play an important 

role in maintaining PTEN activity and function. In fact, the diversity of tumour- 

associated mutations occurring in all domains of PTEN strongly suggests that the 

different domains are physiologically relevant to ETETV-related tumourigenesis.

1.5.3 Regulation of PTEN

1.5.3.1 Transcriptional regulation of PTEN

PTEN was initially assumed to be constitutively expressed, but several transcription
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factors have now been shown to bind directly to the PTEN promoter and regulate PTEN 

expression. Following sequencing of the promoter, Virolle et al. noticed potential 

binding sites for early growth regulated transcription factor 1 (EGR1) [Virolle et al., 

2001] and showed that PTEN is upregulated by EGR1 in response to radiation treatment 

[Virolle et al., 2001](Virolle et al., 2001), and by IGF2 - as part of a negative-feedback 

loop [Moorehead et al., 2003]. Indeed, Patel et al. have shown that peroxisome 

proliferatoractivated receptor y (PPARy) also regulates PTEN transcription [Patel et al., 

2001].

In pancreatic cancer cells, transforming growth factor [3 (TGF[3) positively regulates 

PTEN transcription in a SMAD-dependent manner and negatively controls it in a 

SMAD-independent way [Chow et al., 2007. Furthermore, in a mesangial cell model for 

diabetic nephropathy, in which high glucose levels lead to a decrease in PTEN (protein) 

expression, this decrease was found to be mediated by suppressive effects of TGF 

[Mahimainathan et al., 2006 ]. By contrast, binding of growth factor (GF) to its 

receptors in the cell membrane activates, via RAS, human SPRY2 (hSPRY2) to 

upregulate PTEN transcription [Edwin et al., 2006]. Resistin, a peptide secreted by 

adipocytes and other cell types during inflammation, also positively regulates PTEN 

transcription. Resistin leads to activation of the p38 pathway and of activating 

transcription factor 2 (ATF2), as well as to the binding of ATF2 to the PTEN promoter 

to two ATF binding sites [Shen et al., 2006]. Moreover, Mitogen activated protein 

kinase kinase-4 (MKK4) inhibits PTEN transcription by activating nuclear factor kappa 

B (NFkB), a transcriptional repressor that binds to the PTEN promoter ~1.5 kb 

upstream of the ATG [Xia et al., 2007], p53 regulates PTEN both positively at the 

transcriptional level and negatively at the protein-stability level: a functional p53 

response element (RE) has been found in the PTEN promoter, and p53 induction leads 

to elevated PTEN mRNA and protein levels[Stambolic et al., 2001; Tang and Eng,

2006]. PTEN might autoregulate its own expression through stabilization of p53 protein 

independently of its phosphatase activity [Tang and Eng, 2006]. EGR1 binds to the 

PTEN promoter and upregulates its expression in response to radiation [Virolle et al., 

2001] and IGF2 [Moorehead et al., 2003], Likewise, the proto-oncogenic transcription 

factor JUN suppresses PTEN expression by binding to a variant AP-1 site in the PTEN 

promoter (this site is named PF1), and an inverse correlation between JUN and PTEN 

levels has been found in a panel of human tumour cell lines [Hettinger et al., 2007].
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1.5.3.2 Regulation of PTEN function by post-translational modification

Recent studies have given us a picture of PTEN regulation in which post-translational 

modification plays several important roles. PTEN cellular function appears to be tightly 

controlled by a range of post-translational modifications including phosphorylation, 

ubiquitination, acetylation and oxidation (reviewed in [Tamguney and Stokoe, 2007]. 

These modifications each play a role in the regulation of PTEN function, stability and 

determination of subcellular localisation.

1.5.3.3 Regulation of PTEN by phosphorylation

Phosphorylation of the C-terminal tail of PTEN alters the catalytic activity and stability 

of PTEN. Three protein kinases are known to potentially phosphorylate serine and 

threonine residues in the C2 and C-terminal tail regions of PTEN. These protein kinases 

are casein kinase 2 (CK2), glycogen synthase kinase 3P (GSK3P) and Rho-associated 

kinase (ROCK). Most cellular PTEN appears to be maintained in a phosphorylated, 

inactive state, and its transient activation can be mediated through dephosphorylation. 

Phosphorylation by CK2 appears to occur preferentially at Ser37(), Ser380, Ser382, 

Ser383 and Ser385 within the C-terminal tail of PTEN. In fact, most cellular PTEN 

appears to be phosphorylated at the CK2 phosphorylation sites [Birle et al., 2002; Miller 

et al., 2002; Tolkacheva et al., 2001; Tones and Pulido, 2001; Vazquez et al., 2001; 

Vazquez et al., 2000], In this fonn, PTEN stability is increased but biological activity is 

reduced [Torres and Pulido, 2001; Vazquez et al., 2001; Vazquez et al., 2000]. Using 

PTEN mutants in which the putative phosphorylation sites were changed to alanine it 

has been shown that lack of phosphorylation increases PTEN susceptibility to 

proteolysis and enhances its biological activity. It has been suggested that cytosolic 

PTEN occurs in a phosphorylated, and inactive, conformation with the PIP2 binding 

domain masking its catalytic site, and that binding to PIP2 at the plasma membrane, 

results in an open, active conformation [Vazquez and Devreotes, 2006]. The 

dephosphorylation of these C-terminal residues is thought to bring about a 

confonnational opening up of the protein that mediates many of the observed effects 

[Das et al., 2003; Vazquez et al., 2001], The opening up of the PTEN structure reveals 

the basic region in PTEN that can mediate its binding to acidic membranes, which, in 

the phosphorylated protein, are hidden, perhaps through direct interaction with the
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highly acidic phosphorylated C-temiinus [Leslie and Downes, 2004], It has been 

proposed that PTEN may itself initiate this regulatory switch through 

autodephosphorylation, specifically of Thr383, by its own weak protein phosphatase 

activity [Birle et al., 2002], This idea is supported by the finding that phosphatase- 

inactive PTEN mutants are found to be more highly phosphorylated upon C-terminal 

residues than the wild type enzyme, and that the PI3K inhibitor wortmannin only 

partially decreased this phosphorylation [Birle et al., 2002; Raftopoulou et al., 2004],

More recent evidence suggests that CK2 might also prime some sites for 

phosphorylation by glycogen synthase kinase 3[3 (GSK3[3). CK2 mainly phosphorylates 

S370 and S385, whereas GSK3p targets S362 and T366. The involvement of GSK3[3 

could be part of a negative-feedback loop that regulates PTEN and PI3-kinase activity 

[Al-Khouri et al., 2005], Additionally, there is evidence that RhoA-associated kinase 

(ROCK) phosphorylates S229, T232, T319 and T321 in the C2 domain to activate 

PTEN and target it to the membrane in chemoattractant stimulated leukocytes [Li et al., 

2005],

1.5.3.4 Regulation of PTEN by ubiquitination

Intriguingly, ubiquitination of PTEN means more than protein degradation. In addition 

to promoting polyubiquitination and therefore degradation of PTEN, NEDD4- 1 can 

also catalyse monoubiquitmation of PTEN, which was shown by Pandolfi's laboratory 

to promote PTEN nuclear import [Trotman et al., 2007], Importantly, two Cowden 

syndrome-derived PTEN mutants, K13E and K289E, are defective in nuclear 

translocation. As these mutants possess intact enzymatic activity, it is highly likely that 

their loss of nuclear import might be the cause of the decrease in the tumour- 

suppressive function. Also, both K13 and K289 are ubiquitination sites of PTEN, and 

K289 is a major site for NEDD4-1 activity [Trotman et al., 2007], Interestingly, K289 

locates in the flexible/ unstructured but conserved loop region within the C2 domain of 

PTEN [Lee et al., 1999], Although lacking experimental evidence, it is tempting to 

propose that ubiquitination of PTETVat K289 might also disrupt the C2 domain from 

binding with plasma membrane, and thus inhibit the conventional function of PTEN to 

antagonize membrane PI3 kinase signalling. The function of nuclear PTEN has become 

a hot topic recently. Evidence confirmed the early observation that nuclear PTEN 

possesses tumour-suppressive function [Gimm et al., 2000; Whiteman et al., 2002],
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Several mechanisms, including antagonising nuclear Akt signalling [Trotman et al.,

2006] and maintaining chromosomal integrity[Shen et al., 2007], have been proposed. 

But the picture is far from clear, and it is possible that nuclear PTEN has multiple 

tumour-suppressive functions [Wang and Jiang, 2008].

1.5.3.5 Regulation of PTEN by acetylation

PTEN activity may be also be regulated by acetylation of specific lysine residues. In 

response to growth factors, the histone acetyltransferase p300/CBP-associated factor 

(PCAF) interacts with PTEN and acetylates Lysl25 and Lysl28 which reside within the 

catalytic site. These residues are important for PTEN catalytic activity and acetylation 

leads to a negative regulation of PTEN activity by interfering with its catalytic 

specificity toward PIP3 [Okumura et al., 2006].

1.5.3.6 Regulation of PTEN by oxidation

Reactive oxygen species (ROS), once thought to be the by-products of metabolism, are 

now know to be involved in cell signalling. Oxidation of PTEN by reactive ROS leads 

to the down-regulation of PTEN activity. Reactive oxygen species oxidise a critical 

residue, Cysl24, in the catalytic domain of PTEN, leading to the formation of an 

intramolecular disulfide bond with Cys71 resulting in the inactivation of PTEN [Seo et 

al., 2005].

1.5.3.7 Regulation of PTEN subcellular localisation

The cellular location of PTEN plays an important role in the regulation of its activity. 

PTEN is well characterised as a cytosolic protein that is recruited to the membrane, 

where it acts to dephosphorylate its lipid substrate PIP3. PTEN may be directed to the 

membrane via interactions with many membrane-anchored proteins, including 

membrane associated guanylate inverted (MAGI), abnormal embryonic partitioning of 

cytoplasm (PAR-3), aspartate amino transferase (MAST), S-acyl fatty acid synthase 

thioesterase (SAST), Ezrin-radixin-moesin-binding phosphoprotem 50 (NHERF), and 

neuroepithelial tyrosine kinase (NEP), through its PDZ-interaction motif; and through 

PIP2 binding [Bonifant et al., 2007; Tamguney and Stokoe, 2007], PTEN membrane 

recruitment may be very transient, as several milliseconds are sufficient to 

dephosphorylate PIP3 and antagonise PI3K signalling [Vazquez and Devreotes, 2006]. 

Although PTEN is cytoplasmic in some cell types [Gu et al., 1998; Li and Sun, 1997], it
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more commonly is both cytoplasmic and nuclear [Lachyankar et al., 2000; Marshall et 

al., 2001; Perren et al., 2000; Sano et al., 1999; Shoman et al., 2005. Nuclear PTEN 

affects a variety of biological functions. It suppresses cell proliferation by a mechanism 

independent of Akt activity [Liu et al., 2005 ; Tsao et al., 2003; Zhang and Steinberg et 

al, 2000], Nuclear PTEN downregulates cyclin D1 and prevents phosphorylation of 

MAPK[Chung and Eng, 2005]. In addition, injection of PTEN into isolated nuclei 

enhances apoptosis-induced DNA fragmentation [Ahn et al., 2004],

Nuclear PTEN also modulates the activity of the PIP-binding orphan receptors SF-1 and 

LRH-1 [Krylova et al., 2005; Ortlund et al., 2005. The candidate tumour suppressor, 

ING2, is a nuclear protein that binds PIPs through a plant homeodomain (PHD) finger 

[Gozani et al., 2003 ]. Finally, there are number of nuclear PH domain proteins that may 

be regulated by nuclear PIPs [Mohamed et al., 2000; Tanaka et al., 1999], Nuclear 

PTEN may also have some effects independent of its phosphatase activity. PTEN and 

p53 form a nuclear complex that inhibits p53 degradation and increases p53 

transcriptional activity [Freeman et al., 2003; Su et al., 2003]. Some tumour cells have 

cytoplasmic PTEN but not nuclear PTEN, and loss of nuclear PTEN correlates with 

increased tumourigenicity [Gimm et al., 2000; Perren et al., 2000; Tachibana et al.,

2002; Whiteman et al., 2002; Zhou et al., 2002 ]. Hence, nuclear PTEN may regulate 

multiple nuclear functions and play an important role in cancer development.

1.5.3.8 Mouse models to evaluate PTEN function in vivo

Consistent with its central role in the regulation of a growth-regulatory pathway that is 

critical for normal development and is important in cancer, homozygous deletion of 

Pten in the mouse germline causes embryonic lethality, and heterozygous deletion 

causes tumour predisposition [Di Cristofano et al., 1998; Podsypanina et al., 1999; 

Suzuki et al 1998]. A large number of Pten conditional knockout mice have been 

generated to evaluate Pten function in a physiological setting in different cell and tissue 

types. These models have provided clear evidence for important roles for Pten in 

tumour suppression, as well as regulation of cell size, proliferation, cell migration 

during development, and specialized functions in specific tissues such as the immune 

and nervous systems [Chow et al.,2006; Suzuki et al.,2008 ].
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1.5.4 Lipid phosphatase mediated functions of PTEN and phoshoinositide 3-kinase 

(PI3K) signalling

1.5.4.1 The PI3K signalling pathway

The PI3K pathway is an important driver of cell proliferation and cell survival in 

response to growth factor receptor engagement[Cully et al., 2006]. PTEN functions as a 

tumour suppressor by opposing the effects of PI3K activation. The PI3K-PTEN 

signalling network functions as a crucial regulator of cell survival decisions [Cully et 

al., 2006].

In quiescent cells, PIP3 is absent or undetectable, but rapidly increases in response 

to growth factor stimulation, or extracellular matrix dependent signalling, which recruit 

PI3K [Chu and Tamawski, 2004], Activation of PI3K, mainly by growth factors, leads 

to the phosphorylation of PIP2 to form PIP3. Once formed, PIP3 accumulates at the cell 

membrane and acts as a second messenger to bring about the translocation of the 

serine/threonine protein kinase Akt (also known as protein kinase B) from cytoplasmic 

stores to the cell membrane [Kapeller and Cantley, 1994], Upon membrane docking, 

Akt undergoes a conformational change and is phosphorylated by phosphoinositide 

dependent kinase 1 (PDK1) on Ser308 and Ser473, thereby activating Akt and 

subsequent signalling through its downstream effectors. Pathways that promote cell 

survival and proliferation are activated as a consequence [Downward, 1998]. PTEN 

antagonises the PI3K/Akt pathway through the dephosphorylation of PIP3 to PIP2, thus 

reducing PIP3 levels, which results in decreased translocation of Akt to the membrane, 

and consequent promotion of apoptosis [Davies et al., 1998 Myers et al., 1998].
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Figure 1.4 The phosphatidylinositol 3-kinase (PI3K) signalling pathway. Activated receptor tyrosine 
kinases (RTKs) recruit and activate PI3K, leading to increased phosphatidylinositol-3,4,5-triphosphate 
(PIP3) levels. PIP3, a potent second messenger lipid, recruits many proteins, including Akt and PDK1, to 
the membrane by binding to their pleckstrin homology (PH) domains. Membrane-bound Akt is rendered 
fully active through its phosphorylation by PDK1 and the rapamycin-insensitive mammalian target of 
rapamycin (mTOR) complex (mTORC2), and is inactivated when dephosphorylated. The activated Akt 
may phosphorylate a range of substrates, thereby activating or inhibiting these targets and resulting in 
cellular growth, survival, and proliferation through various mechanisms. P13K can also regulate 
downstream targets, such as RAC1/CDC42, in an Akt-independent manner. Activation of mTORCl is 
inhibited by the tuberous sclerosis complex (TSC1 and TSC2),which can also be regulated by Akt 
through PI3K-independent signalling by LKB1 and AMP-activated protein kinase (AMPK). 
Abbreviations: GSK, glycogen synthase kinase; NF-kB, nuclear factor-kappa B; P1P2,
phosphatidylinositol-4,5 bisphosphate; RAC1, Ras-related C3 botulinum toxin substrate 1 after 
[Chalhoub et al, 2008].
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The signalling outputs of the PI3K pathway, through Akt and other effectors, lead to 

alterations in multiple cellular processes including cell cycle regulation, cell survival, 

apoptosis, glucose homeostasis, and regulation of cell and organ size [Sansal and 

Sellers, 2004](Figure 1.4).

Activated (phosphorylated) Akt is a well-known survival factor. Activated Akt 

phosphorylates, thereby inactivating, the forkhead transcription factors, which induce 

expression of apoptotic genes, and the pro-apoptotic proteins Bad and caspase 9 [Datta 

et al., 1999], Akt also prevents release of cytochrome c from mitochondria and blocks 

Fas-dependent apoptosis through still unknown pathways [Di Cristofano and Pandolfi,

2000],

When PTEN is deleted, mutated or otherwise inactivated, PI3K effectors, 

particularly Akt, can be in an activated state in the absence of any exogenous stimulus, 

and tumourigenesis can be initiated [Cully et al., 2006], Lack of functional PTEN 

results in the accumulation of PIP3, which leads to the recruitment to the membrane, 

and activation, of Akt [Mills et al., 2001; Simpson and Parsons, 2001], Introduction of 

wild type PTEN into cancer cell lines lacking functional PTEN protein decreases 

signalling through the PI3K pathway [Mills et al., 2001; Simpson and Parsons, 2001], 

PTEN can induce growth arrest or apoptosis depending on the presence of exogenous 

growth factors or ligation of integrins [Lu et al., 1999],

1.5.4.2 Lipid phosphatase mediated functions of PTEN 

Regulation of cell cycle progression and apoptosis

Both loss of function studies in mice, and reconstitution experiments in mammalian 

cells, have shown that PTEN is a key regulator of progression through the mammalian 

cell cycle [Stambolic et al., 1998], Though typically thought of as a survival factor, 

multiple lines of evidence suggest that Akt may be the major downstream target for 

PTEN mediated G1 arrest [Sansal and Sellers, 2004]. The role of PTEN in apoptosis is 

clearer. Re-expression of wild type PTEN in several carcinoma cell lines can induce 

apoptosis directly [Li et al., 1998], however, in some cases, an apoptotic stimulus is 

needed [Simpson and Parsons, 2001; Stambolic et al., 1998; Tamura et al., 1999c],

1.5.5 Protein phosphatase mediated functions of PTEN: regulation of cell adhesion, 

migration and invasion

PTEN also has weak protein phosphatase activity, and several target proteins have been
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proposed, including PTEN itself and platelet-derived growth factor receptor (PDGF), 

which may form a complex with PTEN [Gu et al., 1999; Mahimainathan and 

Choudhury, 2004; Tamura et al., 1998]. PTEN has been shown to be involved in the 

inhibition of cell migration, spreading and focal adhesion formation through 

dephosphorylation of tyrosine phosphoryated focal adhesion kinase (FAK) presumably 

through its protein phosphatase activity [Gu et al., 1999; Tamura et al., 1998; Vazquez 

and Sellers, 2000];[Liliental et al., 2000], PTEN is also an inhibitor of integrin-mediated 

cell spreading, migration, invasion, and cytoskeletal organisation. The protein 

phosphatase activity of PTEN is essential for these functions because specific protein 

phosphatase inactive mutants of PTEN have no effect. This inhibitory activity is thus a 

function of PTEN that is clearly independent of the lipid phosphatase activity of PTEN 

[Tamura et al., 1998; Vazquez and Sellers, 2000],

1.6 Mechanism of PTEN tumour suppression

PTEN regulates the PI3K pathway by dephosphorylation of the PIP3 second messenger 

[Sulis and Parsons, 2003; Vivanco and Sawyers, 2002], Interestingly, this function of 

PTEN has been conserved in many animal species including mammals, Drosophila and 

C. elegans. Although P1P3 is able to bind to over a hundred different cellular proteins, 

genetic studies have demonstrated that a major output of PIP3 is activated Akt. Lack ol 

PTEN in a cell leads to increased P1P3 levels, Akt activation, and consequent increased 

cell proliferation and reduced apoptosis, phenotypes that favour tumourigenesis. Re

expression of wild type PTEN in tumour cell lines lacking the PTEN leads to inhibition 

of Akt activation and a variety of outputs that include inhibition of cell proliferation, 

activation of apoptosis and/or suppression of angiogenesis, depending upon the cell line 

and dose of PTEN.

The majority of the missense mutations found in human tumours and in CS occur 

in the phosphatase domain [Eng, 2003] and affect the catalytic activity of PTEN, thus 

underscoring the importance of its phosphatase activity in tumour suppression. The C2 

domain harbours basic residues essential for binding to anionic lipids in the plasma 

membrane, as demonstrated in vitro [Lee et al., 1999], Altering these residues in vitro 

diminishes the interaction of PTEN with lipids and ultimately its growth-suppressing 

activity [Georgescu et al., 2000].
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1.7 Germline PTEN mutation and disease

Germ line mutations in PTEN cause three rare autosomal dominant inherited cancer 

syndromes with overlapping clinical features: Cowden disease (CS)[Liaw et al., 1997; 

Marsh et al., 1998b; Nelen et al., 1997], Bannayan-Riley- Ruvalcaba syndrome 

(BRRS)[Fumari et al., 1997; Myers et al., 1998] and Proteus syndrome (PS) [Biesecker 

et al., 1999; Waite and Eng, 2002]. These syndromes are notable for the presence of 

hamartomas, benign tumours in which differentiation is normal, but cells are highly 

disorganized [Cantley and Neel, 1999b], Although PTEN mutation positive CS, BRRS, 

PS, and Proteus-like syndrome patients are considered in the PTEN hamartoma 

syndrome (PHTS) continuum, the phenotypes associated with the same mutation can 

vary quite remarkably [Waite and Eng, 2002].

1.7.1 Cowden Syndrome (CS)

Cowden syndrome (CS) is an autosomal dominant disorder characterized by multiple 

hamartomas affecting various organs and an increased risk of breast, thyroid, and 

endometrial neoplasia [Eng, 2000], Germline mutations in ET£7V have since been found 

in 80% of CS probands [Liaw et al., 1997] [Marsh et al., 1998a], Approximately two 

thirds of these mutations were found in exons 5, 7, and 8. Over 80 different mutations 

have been identified [Bussaglia et al., 2002], A subset of patients, without intragenic 

PTEN mutations has been found to have deletions and mutations in the promoter region 

of the PTEN gene [Zhou et al., 2003],

1.7.2 Bannayan-Riley-Ruvalcaba Syndrome (BRRS)

Bannayan-Riley-Ruvalcaba syndrome is an autosomal dominant disorder causing 

multiple malformations, mainly macrocephaly, multiple lipomas, intestinal 

hamartomatous polyps, vascular malformations, and abnormal pigmentation of the penis 

[Gorlin et al., 1992] [Marsh et al., 1997] [Suphapeetiporn et al., 2006], Approximately 

half the patients affected by this syndrome develop hypotonia, and moderate to severe 

mental retardation [Marsh et al., 1999], The clinical picture is similar to that of Cowden 

disease, a predisposing syndrome to cancer, especially thyroid and breast cancer. Sixty 

percent of patients with BRRS have been found to have germline PTEN mutations 

[Marsh et al., 1999].
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1.7.3 Proteus and Proteus like syndrome (PS)

Proteus syndrome (PS) is a hamartomatous disorder characterised by overgrowth of 

multiple tissues, and epidermal naevi, and vascular malformations [Biesecker et al., 

1999], These presentations are usually apparent at birth or soon after and continue to 

develop as the patient ages [Smith et al., 2002], Tumours, mostly benign, but some 

malignant, have also been reported in PS, and these include papillary adenocarcinoma 

of the testis, meningioma, and cystadenoma of the ovaries [Gordon et al., 1995]. Two 

recent reports have shown germline, and probably germline mosaic, PTEN mutations in 

a subset of patients with PS or a PS-like disorder, although other studies of patients with 

PS have been unable to confirm these findings [Zhou et al., 2001a; Zhou et al., 2000b],

1.8 PTEN somatic mutation

PTEN is one of the most common targets for mutation in sporadic human cancers, with 

a mutational frequency rivalling that of p53 [Sansal and Sellers, 2004], Somatic 

intragenic mutations or deletions of PTEN have been found, to a greater or lesser extent, 

in a wide variety of sporadic tumours, especially glioblastoma multiforme, endometrial, 

advanced prostate cancers [Li et al., 1997; Mutter et al., 2000; Steck et al., 1997; Teng 

et al., 1997] and haematological malignancies [Dahia et al., 1999], In these tumours the 

wild-type alleles of the gene are inactivated, thus conforming to the classical paradigm 

of tumour suppressor gene inactivation [Ali et al., 1999],

1.8.1 Glioblastoma multiforme (GBM)

Loss of heterozygosity on chromosome 10q23.3 is a characteristic feature of high-grade 

gliomas and has been shown to occur in 60-80% of such tumours [Louis and Gusella, 

1995]. The PTEN gene is one of the major chromosome 10 target genes and is found to 

be mutated, in combination with either p53 mutations or epidermal growth factor 

receptor (EGFR) amplification, in a large proportion of glioblastomas [Liu et al., 1997], 

However, there are many such tumours in which PTEN is inactivated without 

accompanying alterations in either the p53 or EGFR genes [Liu et al., 1997; Zhou et al., 

1999],

The spectrum of somatic mutations of the PTEN gene in glioblastoma 

encompasses insertions, deletions and point mutations [Ali et al., 1999], Intragenic 

mutations in PTEN have been identified in 60% of primary glioblastoma cell lines [Li 

and Sun, 1997; Steck et al., 1997] and in approximately 20-40% of primary

28



glioblastomas [Bostrom et al., 1998; DueiT et al., 1998; Li and Sun, 1997; Liu et al., 

1997; Rasheed et al., 1999; Somerville et al., 1998; Steck et al., 1997; Wang et al., 

1997], PTEN mutation appears to be correlated with higher grade tumours [Bostrom et 

al., 1998; Duerr et al., 1998; Liu et al., 1997; Rasheed et al., 1997] and biallelic 

inactivation of PTEN occurs in 30-40% of glioblastoma multiforme [Sansal and Sellers, 

2004],

1.8.2 Endometrial cancer (EC)

It has been shown that up to 50% of unselected human endometrial cancers (EC) 

harbour PTEN mutations [Podsypanina et al., 1999; Stambolic et al., 2000] and that the 

frequency of PTEN mutations approaches 80-90% in the endometrioid subtype, making 

PTEN the most commonly mutated gene in EC [Lin et al., 1998; Maxwell et al., 1998a; 

Mutter et al., 2000; Risinger et al., 1997; Tashiro et al., 1997], PTEN mutations have 

been described in early, well-differentiated, lesions as well as in very advanced and 

invasive tumours, suggesting their involvement in the initiation of endometrial 

tumourigenesis. That the inactivation of the PTEN gene is an early event in endometrial 

carcinogenesis is also supported by data from two independent studies showing a 22% 

frequency of PTEN mutations in the premalignant lesions of endometrial hyperplasia 

[Levine et al., 1998; Maxwell et al., 1998a],

1.8.3 Ovarian cancer

Epithelial ovarian tumours exist as four major histologic types (endometrioid, serous, 

mucinous, and clear cell), which probably evolve via distinct molecular pathways [Ali 

et al., 1999], PTEN appears to be mutated predominantly, if not exclusively, in ovarian 

tumours of endometrioid origin [Obata et al., 1998; Yokomizo et al., 1998], Although 

allelic losses on chromosome 10 were common in both endometrioid (43%) and serous 

(28%) tumours, PTEN mutations were detected only in endometrioid ovarian tumours 

[Ali et al., 1999],

1.8.4 Prostate Carcinoma

PTEN is the most frequently mutated gene in prostate cancer [Cairns et al., 1997 . 

Deletion mapping analysis of chromosome 10 in prostate carcinoma identified a 

complex pattern of allelic losses that includes 10q23.3, the region where the ETZLYgene 

resides [Ittmann, 1996]. Analysis of 200 primary prostate carcinomas and metastases
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from multiple sites, including those from pelvic lymph nodes, revealed 16 tumours with 

homozygous deletions or point mutations [Cairns et al., 1997; Feilotter et al., 1998; 

Pesche et al., 1998; Suzuki et al., 1998; Wang et al., 1998a], Of these, 13 (18%) 

tumours with homozygous deletions or point mutations were derived from 71 

metastases. In addition, PTEN promoter hypermethylation and gene silencing has been 

reported in some prostate cancer xenografts [Whang et al., 1998], As many as 65% of 

patients with metastatic lesions are found to have a focus of prostate cancer in which 

PTEN is mutated [Ramaswamy and Sellers, 2000; Suzuki et al., 1998]. In prostate 

cancers, PTEN loss appears to be critical step in the development of aggressive and 

likely lethal forms of this cancer. The loss of PTEN protein occurs in primary prostate 

tumours and this loss is highly correlated with advanced tumour grade and stage 

(Gleason score 7) [McMenamin et al., 1999], These data suggest that there is 

progressive loss of PTEN or accumulation of mutations in the PTEN gone in association 

with advancing disease [Sansal and Sellers, 2004],

1.8.5 Melanoma

PTEN mutation or loss of expression has been detected in 30-50% of melanoma cell 

lines and in 5-20% of uncultured melanomas [Wu et al., 2003]. However, it is unclear 

whether abrogation of PTEN function is an early or late event and what role it has in 

melanoma progression [Slipicevic et al., 2005], In addition, in specific instances, PTEN 

mutations have been described in metastatic foci, but not in the corresponding primary 

tumours, suggesting that PTEN is involved in tumour progression [Guldberg et al., 

1997], Although PTEN mutations do occur in metastatic melanoma samples the 

frequency appears to range from 7-19% [Birck et al., 2000; Celebi et al., 2000; Pollock 

et al., 2002; Reifenberger et al., 2000 417; Tsao et al., 1998], Furthermore, the 

observation of the absence or reduced expression of PTEN in 65% of melanoma 

metastases, despite the presence of wild-type PTEN suggested an epigenetic mechanism 

of biallelic functional inactivation of PTEN in this tumour type [Zhou et al., 2002a].
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Table 1.2 PTEN involvement and mode(s) of inactivation in various sporadic tumour types

Tumour
Site

Tumour Type Mode of Inactivation of
PTEN

Reference(s)

Frequency Mode

Brain Glioblastoma 17-70% - LOH mostly
- Mutation 

(biallelic)

[Li et al., 1997]
[Rasheed et al., 1997] 
[Wang et al., 1997] 
[Bostrom et al., 1998] 
[Fults et al., 1998] 
[Tohma et al., 1998]

Endometrium Endometrioid
carcinoma

34-83% - LOH
- Mutation

[Risinger et al., 1997] 
[Tashiro et al., 1997] 
[Risinger et al., 1998] 
[Simpkins et al., 1998] 
[Bussaglia et al., 2000] 
[Mutter et al., 2000]

Ovary Cystadenocarcinoma
Endometrioid
subtype

6—45%
26%

- LOH
- Mutation

[Kurose et al.. 2001] 
[Maxwell et al., 1998b] 
[Saito et al., 2000]
[Obata et al., 1998] 
[Yokomizo et al.,
1998]

Prostate Adenocarcinoma 17-41% - LOH [Rubin et al„ 2000]
[Gray et al., 1998] 
[Donget al., 1998]

Skin Melanoma 32-33% - LOH
- Promoter 
hypermethylation

[Celebi et al., 2000] 
[Zhou et al., 2000a]

Thyroid Follicular
Carcinoma

37% - LOH
- Promoter 
hypermethylation

[Gimm et al., 2000] 
Halachmi et al, 1998

Colon Adenocarcinoma 60% - Mutation
- LOH
- Promoter 
hypermethylation

[Nassifet al., 2004]
[Goel et al., 2003]
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1.9 Background and aims of the project

1.9.1 Background: Involvement of PTEN in colon cancer

Initial reports of PTEN mutations in colon cancer indicated that PTEN was not involved 

in colon cancer and that PTEN mutations were a rare event [Chang et al., 1999; Negoro 

et al., 2000; Okami et al., 1998; Wang et al., 1998b], However, later reports showed 

PTEN mutations in 19% of colorectal tumours of the MSI+ phenotype [Guanti et al.,

2000] , Among Microsatellite unstable (MSI+) sporadic CRCs reported, approximately 

19% were found to have somatic frameshift mutations almost exclusively in one of two 

short poly A tracts (A6) in exons 7 and 8 of PTEN [Guanti et al., 2000; Shin et al.,

2001] , In contrast, in MSI unknown or MSI- sporadic colorectal tumours less than 5% 

were shown to harbour somatic PTEN mutations, and none to have occurred in any 

mononucleotide tracts [Wang et al., 1998 ; Chang et al., 1999 ]. However, 10-30% of 

MSI- and MSI unknown sporadic CRCs show loss of heterozygosity (LOH) of markers 

at, or close to, PTEN [ Frayling et al., 1997] .

PTEN was considered a good candidate for involvement in colorectal 

tumourigenesis for a number of reasons. First, allele loss close to the PTEN locus had 

been reported in 30% of sporadic cancers [Frayling et al., 1997]. Second, somatic 

mutations or deletions of PTEN have been observed in many other sporadic cancers 

including glioblastoma [Wang et al., 1997], prostate cancer [Cairns et al., 1997], 

melanoma [Guldberg et al., 1997; Whiteman et al., 2002] and endometrial cancer 

[Mutter et al., 2000], Third, germline mutations of PTEN are associated with the 

autosomal dominant Cowden and Bannayan Riley Ruvalcaba syndromes [Liaw et al., 

1997; Marsh et al., 1997; Marsh et al., 1999], characterised by multiple hamartomas of 

many tissues including the gastrointestinal tract [Chang et al., 1999; Negoro et al., 2000; 

Okami et al., 1998; Wang et al., 1998b], The later reports showing a 17-19% incidence 

of PTEN mutations in MSI+ colorectal tumours suggested that PTEN mutations could 

be selected for during tumourigenesis, but as a later event [Dicuonzo et al., 2001; 

Guanti et al., 2000; Shin et al., 2001; Zhou et al., 2002b].

1.9.2 Previous work

Previous work in our laboratory demonstrated the occurrence of PTEN gene mutations 

and/or deletions in 41% of primary colorectal tumours, all but one of which were of the 

microsatellite stable (MSI-) phenotype. Evidence of the importance of these mutations 

was provided by the finding that all tumours harbouring alterations of the PTEN gene
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demonstrated either reduced or absent PTEN protein expression. This work identified 12 

PTEN mutations (10 somatic and 2 germline) in 10/41 (24%) patients. Of these 

mutations, only two have been previously described. The remainder are novel cancer- 

associated mutations of this gene, involving either missense or frameshift/nonsense 

mutations in the N-terminal phosphatase domain, phosphatase active site, C terminal 

domain or C2 domain (figure 1.5). The mutations occurring in the active site of PTEN, 

like other described active site mutations, are predicted to alter the lipid phosphate 

activity of PTEN, which is known to be essential for its tumour suppressor function, but 

the effect of the remaining mutations remains to be determined. A preliminary functional 

analysis of some of these mutations indicated that these mutations could indeed alter 

PTEN function and that it was therefore imperative to determine the effect on PTEN 

function that these cancer-associated PTEN mutations might bring about.
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Figure 1. 5PTEN mutations detected in primary sporadic colorectal tumours. The sequence and 
position of the novel PTEN mutations are indicated. The black bars represent the 9 exons of the PTEN 
gene (El-9 as labeled). The shaded blue region represents the part of the gene that encodes the 
phosphatase active site. The mutations indicated above the black bar and with the orange shading are the 
novel mutations detected in the primary tumours. The mutations below the back bar, and shaded in red, 
are the known phosphatase deficient mutants (C124S and G129E) previously characterised by other 
researchers. The two germline mutations, occurring in the 5’ untranslated region of PTEN are not shown.
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1.9.3 Project objectives

The overall aim of this project is to introduce these mutations into an expression system 

and to characterise the functional consequences of these newly described cancer- 

associated mutations of the PTEN gene in colorectal cancer. Specifically, my project 

aims to:

1. Prepare the wild type (WT) PTEN and each of the mutant PTEN constructs in an 

appropriate expression vector and optimise the expression and assay systems.

2. Determine the ability of each of the PTEN mutants to suppress phopsho-Akt levels 

in colon and other cell lines using transient transfection and semi-quantitative 

western analysis in U87MG (PTEN null cell line) and HCT116 (wild type for 

PTEN) cell lines. The mutant PTEN would be transfected into U87MG and E1CT116 

cell lines to check whether mutant PTEN behaves like wild type or like PTEN null 

cells. The mutation of PTEN will often activate PI3K signalling and Phospho Akt is 

a marker for PI3K activation.

3. Determine the effect of each of the PTEN mutations on cell cycle phase distribution, 

distribution of PTEN null U87MG cells and PTEN expressing HCT116 cells using 

transient transfection and subsequent specific assays.

4. Determine the effect of each of the PTEN mutations on the regulation of the rate of 

cell proliferation.

1.9.4 Significance

If these mutations are shown to alter PTEN function, this will confirm that PTEN is a 

part of a new tumourigenic pathway in colon cancer that is more common than the 

pathway of DNA mismatch repair. Analysis of these pathways using cell lines 

transfected with mutant clones will yield important information about the role of PTEN 

in colonic tumourigenesis.
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Chapter 2: Materials and Methods

2.1 General Materials and Reagents (list of reagent and supplier in Appendix)

All reagents purchased were either biological or analytical reagent grade. Ethidium 

bromide (EtBr) was purchased from Bio-Rad Laboratories. Agarose (molecular biology 

grade), ampicillin sodium salt, bromophenol blue, chloramphenicol, 

diethylpyrocarbonate (DEPC), ethylenediaminetetraacetic acid (EDTA) disodium salt, 

deionised formamide, propidium iodide (PI), spectinomycin, tryptone, Tris-EDTA (TE 

buffer 100X concentrate), yeast extract and xylene cyanol FF were obtained from 

Sigma Chemical Co. The chemical5-bromo-4-chloro-3-indoyl-P-D- 

thiogalactopyranoside (X-gal) was supplied by Progen Industries Ltd (Sydney, 

Australia). Phosphate buffered saline (PBS) tablets, sodium chloride (NaCl), sucrose, 

and Tris Borate EDTA (TBE) (10X concentrate) were purchased from Astral Scientific. 

Trizol reagent was obtained from Invitrogen.

2.1.1 Enzymes

Thermus aquaticus (Taq) DNA polymerase (Bioline) was supplied by Astral Scientific 

and Invitrogen. Platinum Pfx polymerase was purchased from Invitrogen. Restriction 

endonucleases were obtained from New England Biolabs and Roche Molecular 

Biochemicals. RNase A and RNase free DNase were supplied by Roche Molecular 

Biochemicals.

2.1.2 Cloning vectors

The PCR-8/GW/TOPO TA cloning vector (Figure 2.1) and the pcDNA™6.2/cLumio™- 

DEST mammalian expression vector (Figure 2.2) were obtained from Invitrogen. These 

vectors are included in the series of gateway vectors provided by Invitrogen. The 

PCR8/GW/TOPO TA vector has covalently bound topoisomerase I activity and 3 -T 

overhangs for direct insertion of Thcy-amplified PCR products. The destination (or 

expression) vector pcDNA™6.2/cLumio™-DEST, contains a C-terminal Lumio (now 

known as Fluorescein Arsenical Hairpin or FLASH ) tag, which is a six amino acid 

extension that is able to bind a fluorescent substrate, allowing visualisation of the 

expressed protein in cells or in a gel post-electrophoresis.
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Figure 2.1 Diagrammatic representation of the PCR8/GW/TOPO-TA entry vector and its sequence 
elements. The PCR-8/GW/TOPO vector has covalently bound topoisomerase I for fast cloning and 3-T 
overhangs for direct ligation of Tbty-amp lifted PCR products. The two att sites (att LI and att L2) allow 
for rapid recombination - meditaed transfer of cloned inserts into a variety of Gateway® destination 
vectors (adapted from www.invitogen.com).
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Figure 2.2 Map of the pcDNA 6.2/C-Lumio - DEST destination (expression) vector and its 
associated sequence elements. This Gateway destination vector allows for high level mammalian 
expression driven by the CMV promoter. The C-terminal Lumio (now termed FLASH) tag allows for 
visualisation of the expressed fusion protein. The two attR sites (r///Rl and a//R2) allow for efficient 
recombination mediated transfer of inserts from the appropriate Gateway entry clone.
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2.1.3 Cell lines

The U87MG (ATCC catalogue number HTB-15) human glioblastoma cell line was a 

generous gift of Dr Kerry McDonald (Kolling Institute of Medical Research, Sydney, 

Australia). The MCF-7 (ATCC catalogue number HTB22) breast cancer cell line was 

kindly provided by Professor Samuel Breit and Wei (Centre for Immunology, Sydney, 

Australia). The HCT 116 (catalogue ATCC number CCL-247™) colon cancer cell line 

was kindly donated by Professor Robert Sutherland and Gillian Lehrbach (Garvan 

Institute of Medical Research, Sydney, Australia). The U87MG cells (which have a 

PTEN frameshift mutation at codon 54) [Tamura et al., 1999] and HCT116 cells have 

mutation of KRAS and PIK3CA gene mutations [Wee et al.,2009].

2.1.4 Bacterial host strains and competent cells

Chemically competent E.coli TOPIO, DB3.1 and DH5a cells were obtained from 

Invitrogen, and competent XL-1 blue cells were obtained from Stratagene. TOP 10 cells 

were used for general purpose cloning and cloning of PCR products. Competent DB3.1 

cells were used for the propagation of the destination /expression vector and competent 

DH5a cells were used for propagation of the destination /expression clones. Competent 

XL-1 blue cells were used for the transformation of the products of PCR based in vitro 

site directed mutagenesis.

2.1.5 Antibodies

The PTEN monoclonal antibody (6H2.1) was obtained from Cascade Bioscience, 

Massachusetts, USA. Antibodies for total Akt, phospho-specific Akt (Ser473) and (3 

actin were obtained from Cell Signalling Technologies Inc. Horseradish peroxidase 

(HRP) conjugated IgG secondary antibodies were purchased from Sigma Chemical Co.

2.1.6 Synthetic oligonucleotides

All synthetic oligonucleotides were obtained in the lyophilised state from Sigma 

Genosys or Invitrogen. Oligonucleotides were resuspended in an appropriate volume of 

TE buffer (ImM Tris, EDTA lOmM, pH 8.0) to obtain the required stock 

concentrations of 200 pm. Oligonucleotides used for PCR and RT - PCR were designed 

using the OligoV4.0 software.
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2.1.6.1 Oligonucleotides for the amplification of the PTEN cDNA by reverse 

transcriptase polymerase chain reaction (RT-PCR)

Primers were designed for the amplification of the complete PTEN coding sequence for 

subsequent cloning and in vitro site directed mutagenesis to produce the desired PIEN 

mutant sequences. Oligonucleotides for the amplification of the full length PTEN 

coding sequence are shown in Table 2.1.

2.1.6.2 Oligonucleotides for the sequencing of cloned inserts

The general purpose vector primers GW1 and GW2 were used for the sequencing of 

inserts cloned into the PCR8GW TOPO vector. These primers flank the vector cloning 

site (Table 2.1).

2.1.6.3 Oligonucleotides used to generate PTEN point mutations by in vitro site 

directed mutagenesis

Point mutations, corresponding to the mutations identified in sporadic colorectal 

tumours, were introduced into the cloned WT PTEN cDNA by in vitro site directed 

mutagenesis, using either the Gene Tailor (Invitrogen) or the Quick change (Stratagene) 

site directed mutagenesis system. All mutagenic primers were designed based on the 

guidelines outlined by the respective manufacturers. All oligonucleotide primers used 

for in vitro mutagenesis protocols were purified by polyacrylamide gel electrophoresis 

(PAGE).

Along with the mutations detected in primary sporadic colorectal tumours, primers were 

also designed to engineer two well-characterised phosphatase deficient mutants of 

PTEN, namely C124S and G129E [Elan et al., 2000] [Maehama and Dixon, 1998]. The 

PTEN-C124S mutant lacks both protein and lipid phosphatase activity while the PTEN- 

G129E mutant lacks lipid phosphatase activity, but retains protein phosphatase activity. 

These mutants were prepared for use as controls in transfection experiments.

2.1.6.4 Oligonucleotides for the preparation of the truncating PTEN mutants

The truncating mutants of PTEN (K125X and 319X) were also generated from the wild 

type PTEN cDNA by PCR amplification and cloning. The K125X mutant was 

engineered from the WT PTEN cDNA clone using the PTEN kATG Fwd and PTEN 

ecl24XRev primers (Table 2.1) which amplify codons 1-124. The 319X mutation was
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engineered using primers PTEN kATG Fwd and PTEN- et318-Rev (Table 2.1), which 

amplify PTEN codons 1- 318.
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Table 2.1 Sequences and characteristics of the synthetic oligonucleotides used in 
this work. For the primers used for in vitro site directed mutagenesis, the 
mutagenic base has been underlined.

Primers for amplification of the PTEN coding region

PTENatgEco-Fwd CGC GAA TTC GCC ACC ATG ACA GCC ATA TC

PTENtgaBam-Rev TAC CGG ATC CAC TTT TGT AAT TTG

PTEN-kATG-Fd CCA CCA TGA CAG CCA TCA TC

PREN-endn-R GAC T TT TGT A AT T TG T GT AT G CTG

Primers for the sequencing of cloned inserts

GW1 GTT GCA ACA A AT TGA TGA GCA A TG C

GW2 GTT GCA A CA AAT TGA TGA GC A ATT A

Primers used for in vitro site directed mutagenesis

PTEN K62R Fwd GGT TTT TGG ATT CAA AGC ATA GAA ACC ATT ACA AGA TAT ACA ATC

PTEN K62R Rev GAT TGT ATA TCT TGT AAT GGT TTC TAT GCT TTG AAT CCA AAA ACC

PTEN Y65C Fwd GGA TTC AAA GCA TAA AAA CCA TTG CAA GAT ATA CAA TCT TTG TGC

PTEN Y65C Rev GCA CAA AGA TTG TAT ATC TTG CAA TGG TTT TTA TGC TTT

PTEN K125E Fwd ATG TTG CAG CAA TTC ACT GTA AAG CTG GAA AGG GAC GAA CTG GTG

PTEN K125E Rev CAC CAG TTC GTC CCT TTC CAG CTT CAC AGT GAA TTG CTG CAA CAT

PTEN E15Q Fwd GGC AAA TTT TTA AAG GCA CAA CAG GCC CTA GAT TTC TAT GGG GAA

PTEN E150Q Rev
TTC CCC ATA GAA ATC TAG GGC CTG TTG TGC CTT TAA AAA TTT GCC

PTEN D15N Fwd TTA AAG GCA CAA GAG GCC CTA AAT TTC TAT GGG GAA GTA AGG ACC

PTEN D153N Rev GGT CCT TAC TTC CCC ATA GAA ATT TAG GGC CTC TTG TGC CTT TAA

PTEN D153Y Fwd TA AAG GCA CAA GAG GCC CTA TAT TTC TAT GGG GAA GTA AGG ACC

PTEN D153YRev
GGT CCT TAC TTC CCC ATA GAA ATA TAG GGC CTC TTG TGC CTT TAA

PTEN N323K. Fwd
GTA CTT ACT TTA ACA AAA AAA GAT CTT GAC AAA GCA AAT AAA GAC

PTEN N323K Rev
GTC TTT ATT TGC TTT GTC AAG ATC TTT TTT TGT TAA AGT AAG TAC

PTEN V217A Fwd
CT TGC AAT CCT CAG TTT GTG GCC TGC CAG CTA AAG

PTEN V217A Rev
CCA CAA ACT GAG GAT TGC AAG TTC CGC CAC TG

PTEN C124S Fwd
CAA TCA TGT TGC AGC AAT TCA CAG TAA AGC TGG AAA GGG ACG AAC

PTEN C124S Rev
GTT CGT CCC TTT CCA GCT TTA CTG TGA ATT GCT GCA ACA TGA TTG

PTEN G129E Fwd
TTC ACT GTA AAG CTG GAA AGG AAC GAA CTG GTG TAA TGA TAT GTG

PTEN G129E Rev
CAC ATA TCA TTA CAC CAG TTC GTT CCT TTC CAG CTT TAC AGT GAA

Primers used to generate the truncating PTEN mutants
PTEN-kAtg Fwd GCC ACC ATG ACA GCC ATC ATC

PTEN-ec 124-Rev ACA GTG AAT TGC TGC AAC ATG AT

PTEN-kAtg Fwd GCC ACC ATG ACA GCC ATC ATC

PTEN-et318-Rev AAG TAC TAG ATA TTC CTT GTC ATT A
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2.1.7 Molecular weight markers for electrophoresis

2.1.7.1 DNA size standards

Size standards were used to estimate the sizes of PCR and cloned products. The DNA 

size standards used were the A Hind III and A Pst 1 size standards, 100 bp ladder, the 

Hyperladders IV and V, the 1 kb DNA ladder (MBI Fermentas) and Gene Ruler. The A 

Hind III size standard was prepared by digestion of A DNA (Roche Molecular 

Biochemicals) with the enzyme Hind III. The sizes of the fragments were 23.3, 9.4, 6.6, 

4.4, 2.32, 2.0, 0.56 and 0.13 kb. The A Pst I marker was prepared by digestion of A DNA 

with Pst\restriction enzyme. It contained following fragments: 5.0, 4.7, 4.5, 2.8, 2.4, 

2.1, 1.9, 1.7, 1.1, 1.0, 0.8, 0.5, 0.46, 0.44, 0.33, 0.26 and 0.23kb were obtained from 

MBI fermentas. The 100 bp DNA Ladder (Gene Ruler) was purchased from MBI 

Fermentas. This ladder contains 10 fragments spaced 100 bp apart, beginning with 100 

bp and up to 1000 bp. The Hyper IV (lOOObp) ladder and HyperladderV (500 bp) DNA 

standards were purchased from New England Biolabs (NEB). HyperLadder IV consists 

of 10 regularly spaced bands, ranging from 100 bp to 1000 bp. Hyperladder V 

contained the fragments 500, 400, 300, 250, 200, 175, 150, 125,100, 75, 50 and 25 bp. 

The hyperladder standards are also quantitative standards. The 1 kb DNA ladder 

contained the fragments 10, 8, 6, 5, 4, 3, 2, 1.5, 1.0, 0.51 and 0.5 kb was purchased from 

NEB.

2.1.7.2 RNA size standards

The RNA size standard used was a 0.28-6.58 kb marker, purchased from Promega. This 

standard contained the following fragment sizes: 6500, 4900, 3600, 2600, 1900, 1300, 

900, 600, and 281 nucleotides.

2.1.7.3 Protein size standards

The protein size standards used were the See blue plus 2 and the Novex sharp prestained 

markers from Invitrogen. The See blue plus 2 marker resolves proteins in the 4 - 250 

kDa range and contained the following molecular weight bands: 188, 98, 62, 49, 38, 28, 

17, 14, 6 and 3 kDa. The Novex Sharp prestained marker resolves proteins in the 3.5 - 

260 kDa range and contains the following molecular weight bands: 260, 160, 110, 80, 

60, 50, 40, 30, 20, 15, 10 and 3.5 kDa.
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2.2 General methods

2.2.1 Sterility and containment of biological materials

All heat stable solutions and plasticware items, such as disposable pipette tips and 

microcentrifuge tubes, were sterilised by autoclaving (121°C, 20 min) prior to use. 

Glassware was sterilised by autoclaving or by heating at 180°C (2 hr to overnight) in a 

hot air oven.

2.2.2 Preparation of plasmid DNA

2.2.2.1 Small scale preparation (mini- prep) of plasmid DNA

Plasmid DNA was isolated from 3 mL of bacterial culture for small scale preparation. 

Plasmid DNA was isolated using either the PureLink plasmid isolation system 

(Invitrogen), the High Pure plasmid isolation system (Roche Molecular Biochemicals), 

or the Jet Quick plasmid isolation system (Genomed), according to the relevant 

manufacturer's instructions. The isolated plasmid DNA was generally eluted in 50 pL 

TE buffer. Plasmid DNA yields varied between 10 and 20 fig. The presence and size of 

cloned inserts was verified by digestion of the extracted plasmid DNA with the 

appropriate restriction enzyme(s) followed by agarose gel electrophoresis (Section 

2.2.4).

2.2.2.2 Large scale preparation (midi-prep and maxi -prep) of plasmid DNA

Plasmid vectors and their recombinants were prepared for transient transfection using a 

scaled up method of the mini-prep system, namely midi- and maxi- prep. LB medium 

(200 mL for midi - prep and 400 mL for maxi -prep), containing 70 pg/mL ampicillin, 

was inoculated with a single plasmid containing colony and incubated at 37°C with 

shaking (200 rpm) overnight. The cells were harvested by centrifugation (20,000 g, 3 

min at RT) and plasmid DNA was isolated using the PureLink midi-prep or maxi-prep 

system (Invitrogen) according to the manufacturer's instructions. Plasmid DNA yields 

ranged between 200-500 pg for midi -preps and from 500 pg -1.5 mg for maxi -preps.

2.2.3 Estimation of nucleic acid and protein concentration

DNA and RNA concentrations were estimated by measuring the absorbance of 

appropriate dilutions of the nucleic acid samples at 260 nm. The relationship that 

A260=l corresponds to approximately 50 pg/mL of double stranded DNA and 40 pg/mL 

of RNA, was used to estimate nucleic acid concentrations. Absorbance measurements at
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260 nm and 280 nm were used to estimate the purity of DNA samples. The ratio 

A260/A280 was calculated for all samples. An A260/A280 ratio of 1.8 indicates adequate 

nucleic acid purity. Protein concentrations were determined by UV absorption at 280 

nm using the Nanodrop spectrophotometer (nanodrop ND-1000, Biolab) according to 

the manufacturer's instructions.

2.2.4 Agarose gel electrophoresis

Agarose gels were primarily used to fractionate PCR products, separate restriction 

fragments and cloned products, and analyse DNA and RNA sample quality. The DNA 

fragments electrophoresed on agarose gels typically from 0.1- 5 kb in size. Agarose gels 

ranging from 0.8-2.0% (w/v) were used, with larger fragments being more efficiently 

resolved on lower percentage gels. Agarose gels were typically prepared in IX TAE (40 

mM Tris-acetate; 1 mM EDTA, pH 8.3) or IX TBE (0.89 M Tris-base, 0.89 M boric 

acid, 20 mM EDTA), and contained 0.5 pg/mL EtBr. Agarose gels were 

electrophoresed, while submerged, in the corresponding buffer (IX TAE or IX TBE 

buffer). Typically, 0.2-0.3 vol agarose loading buffer (60% (v'/v) sucrose, 10 mM 

EDTA, 100 mM Tris-HCl, pH 8.0 and 0.02 % (w/v) bromophenol blue) was added to all 

samples prior to electrophoresis. Unless otherwise stated, samples were electrophoresed 

at 80-100 Volts (V) for 40 - 60 min. After electrophoretic separation, DNA fragments 

were visualised on a UV transilluminator and imaged using a Gel Doc system (Kodak).

2.2.5 Restriction endonuclease digestion of DNA

Restriction endonuclease (RE) digestion was performed on PCR products and plasmid 

clones. Typically, 0.5-1.0 pg of plasmid DNA (or 0.3 vol of PCR reaction volume) was 

used in restriction digestion reactions. Digestions were usually carried out at 37°C for 2 

h or overnight in the appropriate supplied buffer and contained 2 U of enzyme per pg of 

DNA. Reactions were terminated by the addition of 0.2 vol agarose loading buffer and 

digestion products were separated by agarose gel electrophoresis. Where double 

digestion was to be carried out, both enzymes were added in the same reaction, if the 

buffer system was compatible for both enzymes. If the buffers were incompatible, the 

concentrations of the constituents of the buffer in which the first digestion was carried 

out were adjusted to make them optimal for the second enzyme.
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2.2.6 DNA sequence analysis

All DNA sequence analysis was conducted at the Australian Genome Research Facility 

(AGRF) Queensland or at the Sydney University Prince Alfred Molecular Analysis 

Centre (SUPAMAC), following each service provider's instructions for the preparation 

of samples for sequence analysis. Sequences were obtained as text files and raw 

electropherograms. Sequencing electropherograms were visualised and analysed using 

the freely available Chromas software.

2.2.7 Polymerase Chain Reaction Protocols

PCRs were typically carried out in a 50 pL reaction volume, which contained PCR 

master mix (lx), 0.2 mM dNTPs, 1.5 mM MgCF, 0.5U Tciq DNA Polymerase, and 10

20 pmol each primer. PCR reactions typically contained 25 ng genomic DNA or 50 ng 

cDNA as the template in the case of PCR and RT PCR, respectively. PCR was usually 

started with a denaturation step (95°C, 5 min), followed by 34 cycles of denaturation 

(95° C, 30-60 sec) annealing , (55 - 60°C, 40-60 s) and extension (68-72 °C , 45-60 s). 

PCR was ended with a final extension step (68-72° C, 10 min). All PCR and RT PCR 

reactions were optimised for both MgCF concentration and annealing temperature. 

MgCF> concentration of 1.5 mM was found to be optimal for all PTEN coding sequence 

amplification reactions. A negative control containing distilled water instead of template 

DNA; was always used in all PCR reactions. Once optimised, the PCR protocols were 

used for subsequent amplification reactions. After PCR, the amplification products (0.2 

vol) were typically analysed by electrophoresis on 1 % (w/v) agarose gels.

2.3 Procedures for the purification of DNA

2.3.1 Purification of PCR products

Where a single PCR product band was visible after agarose gel electrophoresis, PCR 

products to be used for cloning or sequencing procedures were purified using the 

JetPure PCR clean up system (Genomed) or the High Pure PCR purification system 

(Roche Molecular Biochemicals), according to the respective manufacturer's protocol. 

Purified PCR products were generally eluted in 50 pL of TE buffer. The amount and 

concentration of eluted DNA was determined by electrophoresis against quantitative 

DNA standards. Purified products were generally used immediately after purification or 

stored at -20°C until needed.
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2.3.2 Purification of PCR products and restriction fragments from agarose gels

In the cases where a single fragment of interest was to be purified in the presence of 

other fragments, the samples were electrophoresed on agarose gels, visualised under 

long wave UV (320 nm) and the relevant fragment was excised from the gel. These 

PCR products and restriction fragments were purified using the Jet spin gel extraction 

system (Genomed) or the PureLink Quick Gel Extraction system (Invitrogen), 

according to the respective manufacturer's instructions. DNA fragments were generally 

eluted in 50 pL of TE buffer and 0.1 vol was subsequently electrophoresed on an 

agarose gel to determine purity and estimate concentration by comparison with 

quantitative DNA standards electrophoresed in adjacent lanes. Purified fragments were 

used immediately or stored at -20°C until needed.

2.5 Methods for the preparation and analysis of RNA
2.5.1 Prevention of contamination by exogenous ribonucleases

The following additional precautions were taken to prevent the degradation of RNA by 

exogenous ribonucleases. As well as the procedures outlined in section 2.2.1. All 

materials used in RNA extraction procedures were autoclaved twice and glassware was 

baked (180°C, overnight). Plasticware was treated with RNase ZAP (Ambion) or soaked 

in a 0.1% (7V) solution of diethyl pyrocarbonate (DEPC) in sterile water overnight at 

37UC and then autoclaved to remove any traces of DEPC. RNase, DNase and nuclease 

free water (DEPC-treated water) (Qiagen) were used in all RTPCR and cDNA synthesis 

reactions.

2.5.2 Isolation of total RNA from cell lines

Total RNA was isolated from cultured cells using TRIzol (Invitrogen) according to the 

manufacturer's instructions. Cultured cells were harvested after trypsinisation and 

collected by centrifugation (600 g, 6 min, RT). After removal of the supernatant, the 

cells were washed in ice cold PBS. After re -centrifuging, the PBS was removed and the 

cells were homogenised in 2 mL TRIzol reagent. RNA was then isolated from the 

homogenate according to the manufacturer's protocol. Isolated RNA was resuspended 

in 40 pL DEPC treated water, and RNA samples were pooled when necessary. The 

concentration of the RN A was measured as described in section 2.2.3 and the quality of 

the extracted RNA was determined by electrophoresis of 3 pg RNA on agarose gels.

47



Prior to electrophoresis, 1 pL of 5 X loading buffer [0.25% w/v bromophenol blue, 4 

mM EDTA, 0.9 M formaldehyde, 20% v/v glycerol and 30.1% v/v formamide) was 

added to all samples . The samples were then electrophoresed on a 1 % agarose gels in 

IX TBE buffer at 5 V/cm for 60 min. RNA samples were usually treated with RNase- 

free DNase I (Roche Molecular Biochemicals) in order to eliminate any DNA 

contamination of RNA samples. Extracted RNA was usually used immediately for 

cDNA synthesis or stored at -80° C until required. The subsequent synthesis of cDNA 

was carried out using lpg of the extracted total RNA.

2.5.3 Isolation of total RNA from tissue

Total RNA was isolated from normal colonic mucosa using the RNeasy tissue kit 

(Qiagen) following the manufacturer's protocol. Typically, RNA was extracted from 20 

mg of tissue and the extracted RNA was eluted in 100 pL elution buffer. RNA quality 

was determined by agarose gel electrophoreses as described in Section 2.2.4

2.5.4 Synthesis of cDNA and RT-PCR (Two step RT PCR)

After isolation of total RNA, reverse transcription was carried out by oligo (dT) 

priming using the Superscript III First Strand cDNA Synthesis System (Invitrogen). 

Typically lpg of isolated total RNA was used for cDNA synthesis. The synthesised 

cDNA was then used immediately in PCR reactions or stored at -80°C until needed. RT 

PCR was carried out essentially as described in Section 2.2.7, with the template used 

being cDNA. Typically 50 ng of cDNA template was used in RT-PCR reactions.

2.6 Cloning Techniques

2.6.1 Bacteriological media

LB (Luria Bertani) medium contained 10 g/L tryptone, 5 g/L yeast extract and lOg/L 

NaCl. Media for plates contained LB with the addition of 20 g/L agar. Media for 

selective plates contained either ampicillin 100 pg/mL, spectinomycin 100 pg/mL, or 

chloramphenicol 30 pg/mL, while LB medium for liquid culture contained ampicillin or 

spectinomycin 70 pg/mL .
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2.6.2 Cloning of PCR and RT PCR products

PCR or RT- PCR, products were cloned into the PCR 8 /GW/ TOPO -TA entry vector 

using the PCR 8 /TOPO -TA system (Invitrogen) according to the manufacturer's 

instructions. After the topoisomerase - mediated cloning of inserts into the vector, the 

ligation products were transformed into chemically competent E.coli TOP 10 cells. 

Transformation was carried out as described by the manufacturer (Invitrogen). 

Typically, an aliquot (100-200 ng) of vector ligated DNA was added to 25 pL of TOP 

10 competent cells and the mixture was incubated on ice for 30 min. The cells were 

then heat shocked (42° C for 40 s) and returned to ice for 2 min. After the addition of 

800 pi Super Optimal broth with Catabolite repression (SOC) medium, an aliquot (50

250 pL) of the transformation mix was spread onto selective media plates containing 20 

pL X- gal and 20 pL IPTG where required. Colonies were allowed to grow overnight 

at 37°C.

2.6.3 Detection and analysis of positive clones

Typically, for each cloned insert, 10 white colonies (recombinants) were selected and 

cultured overnight (37°C with shaking at (200 rpm), in 5 mL LB medium containing 70 

pg/mL ampicillin or spectinomycin. Cells were harvested by centrifugation (18,000 g, 5 

min at RT) and mini plasmid preparations were carried out using 3 mL of culture 

(section 2.2.2.1).

2.6.4 In vitro site directed mutagenesis

All PTEN mutants, excluding the V217A mutant, were constructed using the Quick 

Change in vitro site directed mutagenesis system (Stratagene) according to the 

manufacturer's instructions. The V217A mutant was constructed using the Gene Tailor 

system (Invitrogen) according to the manufacturer's instructions.

The WT PTEN cDNA clone was used as the template to engineer each of the individual 

somatic mutations detected in primary colon tumours (K62R, Y65C, K125E, E150Q, 

D153N, D153Y, V217A, N323K) and the two known phosphatase deficient mutants of 

PTEN (C124S and G129E) to be used as controls. The only modification to the Quick 

Change in vitro site directed mutagenesis protocol was that the extension time of the 

PCR was 14 min per cycle. This was calculated to allow the recommended 2 min of 

extension time per kb of DNA sequence (Stratagene). Products of the in vitro site
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directed mutagenesis reactions were transformed into XL-1 blue competent cells when 

the Quick Change (Stratagene) protocol was used and into DH5a competent cells when 

the Gene Tailor system was used. In each case, 10 transfonnants were selected and 

grown. Transformants were analysed by digestion with EcoR\ and Bam HI to verify the 

presence and orientation of the inserts based on size. Plasmids containing the correct 

size inserts were sequenced at AGRF or Supamac using the PCR8GW TOPO vector- 

specific sequencing primers (GW1 and GW2). Complete sequence analysis of both 

strands was carried out to confirm the introduction of the desired mutation on each 

strand, without the introduction of any other sequence change. Once the mutant 

sequences had been constructed and verified, the inserts could be moved to the selected 

destination vector for subsequent transfection and expression analysis.

2.6.5 Construction of destination (expression) clones by recombination mediated 

cloning (Gateway Technology)

Once constructed and verified by sequencing, the WT and mutant PTEN entry clones 

were used in LR-recombination reactions to generate expression clones through a 

recombination mediated transfer of the insert from the entry clone to the selected 

Gateway destination (expression) vector. Two recombination sites, attLX and attL2, 

present within the entry vector, mediate recombinational transfer of the gene of interest 

from the entry vector into a second vector. To generate expression constructs, entry 

clones were recombined with the pcDNArM6.2/cLumiollv1-DEST vector which contains 

a C-terminal Lumio tag. Thus, each of the entry clones was added to the destination 

vector in separate reactions. All constructed mutants of PTEN were transferred to the 

selected expression vector by recombinational cloning using the LR Clonase II enzyme 

(5X) (Invitrogen).

The recombination reactions consisted of a mixture of 200 ng of the pCR8/GW/TOPO 

entry clone, 300 ng of the destination vector, 1 pL LR Clonase reaction buffer, 5 pL of 

TE Buffer (pH 8.0), and lpL LR Clonase II. The mixture was incubated at 25°C 

overnight at RT. After overnight incubation, Proteinase K was added to a concentration 

of 2pg / pL and the mixture was incubated at 37°C for 10 min. The expression 

constructs generated during the LR clonase reaction were transformed into competent 

DH5a cells, plated on LB-ampicillin (100 pg/mL) plates and grown at 37 °C overnight. 

Individual colonies were selected and cultured and mini-preparation of plasmid DNA
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was carried out (Section 2). In each case, 10 colonies were selected, grown and analysed 

by restriction digestion with Cla /, Bgl II, and SacI to verify the presence and correct 

orientation of inserts. All the point mutant clones, along with the 319X truncating 

mutant, were verified by double digestion with Clal, and SacI. BglII, SacI double 

digestion was used for the verification of K125X mutant clone. Plasmids containing the 

correctly incorporated inserts were used for either midi or maxi preparation of plasmid 

DNA section 2.2.2 for subsequent transfection and expression analysis.

2.7 Microarray analysis

RNA samples for microarray analysis were prepared from untransfected U87MG cells 

and from cells transiently transfected with WT PTEN. After transfection (40hr) RNA 

was isolated. The RNA was quantitated, and quality checked prior to any analysis. 

Microarray analysis on whole transcript gene expression arrays (Affymetrix ® WT) was 

conducted at the Ramaciotti Centre for Gene Expression Analysis at the University Of 

New South Wales, Sydney, Australia, following the service provider's instructions for 

the preparation of samples for gene array analysis. Data were obtained as CEL raw data 

file as well as text files. Microarray data analysis was carried out using the Genesifter 

software.

2.8 Tissue Culture Methods

2.8.1 Tissue culture materials and media

Plasticware for tissue culture and sterile serological pipettes were obtained from 

Sarstedt and In Vitro Technologies (Sydney). Dulbecco's Modified Eagles Medium 

(DMEM), glutamine, glutamax (100X concentrate), foetal calf serum (FCS), trypsin 

EDTA, TrypLE Express trypsin substitute, phosphate buffered saline (PBS), 

lipofectamine 2000, lipofectamine LTx, Opti-MEM (serum free medium) and freezing 

medium were purchased from Invitrogen.

2.8.2 Growth and maintenance of cell lines

The adherent U87MG human glioblastoma cell line, MCF7 breast cancer cell line and 

HCT116 colon cancer cell line were maintained in IX DMEM, supplemented with 10% 

(7V) FCS, 2 mM L-glutamine (or IX Glutamax) and ImM HEPES . All cells were 

maintained at 37°C in a humidified system containing 5% CCT. To passage cells, the 

monolayer was washed with 5 mL trypsin EDTA or TrypLE express followed by the
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addition of further 5mL trypsin- EDTA or TrypLE Express and incubation of flasks at 

37 °C for 5-10 min. Cells were then collected and harvested by centrifugation (600 g, 6 

min at RT) and resuspended in culture medium. Cells were counted using a 

haemocytometer and then split to the desired ratio and allowed to become 

approximately 80% confluent before harvesting or re-passaging. Cells were revived or 

resuscitated from stored liquid nitrogen stocks by warming the cell -containing vial at 

37°C until thawed, followed by the addition of the entire contents of the vial 

(approximately 1-2 x 106 cells) dropwise into pre-warmed fresh medium. Cells were 

initially grown in 25 cm" culture flasks and later transferred to 75 cm" flasks.

2.8.3 Preparation of frozen cell stocks

Adherent cell lines were first gently detached from the flask surface by trypsinisation. 

Cells were then harvested and collected by centrifugation (600g, 6 min at RT) and the 

cell pellets were resuspended in cell culture freezing medium (DMEM) containing 10% 

FCS and 10% DMSO) (Invitrogen). Cells were resuspended to lxl0(' cells /mL density 

and then lmL was aliquotted into sterile cryo vials. These were then placed in a 

freezing container, which was then stored in a -80°C freezer overnight to achieve a slow 

rate of cooling. Once frozen, the cells were transferred to liquid nitrogen.

2.9 Transfection and cellular analysis

2.9.1 Transient transfection (in flasks and 6 well plates)

Cells were seeded at a density of lxlO6 cells in 75 cm" flasks, or at a density of 2x10^- 

5x10^ cells in 25 cm" flasks. When 6 well plate cells were used, cells were grown on 

coverslips, and seeded at a density of 1x10^ cells per well. In all cases, cells were grown 

overnight to establish adherence and transfection of cells occurred the following day.

The transfection mix consisted of two solutions (A and B). Solution A contained the 

purified plasmid DNA (4 pg of WT or mutant PTEN construct) and Optimem (serum 

free medium) to a final volume of 100 pL. Solution B contained of 8 pL of 

lipofectamine and 92 pL of Optimem. Solutions A and B were then combined and 

incubated at RT (20 min) to allow complexes to form between the DNA and the 

liposomes. Before the addition of the transfection mix to the cells, media was removed 

from the flasks or the 6 well plates. The cells were washed once with serum free 

medium (Optimem) and then the DNA-Lipofectamine 2000-OptiMEM lipid complex
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(200 juL) was added drop wise to each flask or well respectively. A further 20 ml of 

media was then added to 75 cm2 flasks, 10 mL of media was added to 25cm" flasks and 

2 mL was added to each well of a 6 well plate. Cells in flasks and plates were allowed 

to grow at 37°C with 5% C02 and cellular analysis was conducted 40 h after 

transfection.

2.9.2 Transient transfection (in 96 well plates)

The appropriate number of cells was grown in culture in 75 cm- flasks. Then cells were 

harvested, counted and seeded at a density of 2.5x 101 cells in appropriate medium in

1.5 mL eppendorf tube. The appropriate number of cells was prepared to achieve 2.5 x 

103 cells /mL. Before the addition of the transfection mix to the cells, media was 

removed from the cells and they were washed once with Optimem and pelleted at RT 

600xg for 2 min eppendorf tube. Transfection reagent Solutions A and B were prepared 

and combined as described previously (Section 2.9.1). The U87MG and HCT116 cells 

were then transfected with appropriate of WT and mutant and 200 pL of transfection 

mix was added to the cells. Then fresh aliquot of media was added to provide the 

appropriate cell density. Then 100 pL of transfected cells with media were added to 96 

well plates in triplicate for each constructs. Cells were grown at 37°C (5% CO?) lor 

subsequent analysis of cell proliferation.

2.9.3 Transfection controls

The set of controls used in all transfection experiments consisted of: (1) Untransfected 

cells, (2) vector transfected cells, (3) mock transfected cells (water replacing DNA), (4) 

the antisense PTEN (this sequence was WT PTEN sequence cloned in the reverse 

orientation such that a nonsense protein would be produced), (5) and (6) the known 

phosphatase deficient mutants of PTEN mutants G129E and C124S respectively. The 

same transfection controls were used in all the experimental analysis presented.

2.10 Fluorescence detection of expressed Lumio- tagged PTEN

2.10.1 In-cell detection of exogenously expressed PTEN

For detection of exogenously expressed PTEN within cells, the appropriate cells were 

grown and transfections were carried out on glass coverslips in 6 well plates. After 

transfection (40 h), the media was aspirated and coverslips were washed once (2 min) 

with serum free medium and gentle swirling. Lumio green labelling reagent (lmL of
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0.5-IX concentrate) was then added to each well and the cells were incubated for 30 

min at RT, protected from the light. The Lumio green reagent was then aspirated and 

coverslips were rinsed twice in Optimem (2-3 min each at RT). After this, 2 vol (2mL) 

of disperse blue (1 X) was added to each well and incubation of coverslips continued at 

RT for a further 30 min. Coverslips were then rinsed three times in PBS (2 min each 

wash at RT) and mounted onto glass slides in 50 % (7V) glycerol in PBS. Transparent 

nail polish was used to seal the edges of the coverslips, if slides were to be stored. The 

cells were then visualised by fluorescence microscopy (Olympus BX51 fluorescence 

microscope (Tokyo, Japan) and exogenously expressed PTEN visualised as green 

fluorescence using a FITC excitation filter 460-490 nm wavelength to capture the 

emission.

Transfection efficiency could be determined visually by counting the number of cells in 

8-10 fields of view in the visible field and then, under fluorescence microscopy count 

the number of cells with green fluorescence in the same fields of view. Transfection 

efficiency was estimated using the following formula: transfection efficiency (TE)

TE= number of green cells X 100 

Number of total cells

2.11 Analysis of cell cycle phase distribution by flow cytometry

Cell cycle analysis was earned out 40 h after transfection in 25 cm" llasks. After 

transfection cells were harvested by trypsinisation and collected by centrifugation (600 

g, 6 min, at RT). After removal of the medium, cells were washed twice in PBS with 

centrifugation (600 g, 6 min at RT) between washes. After the second wash, the cell 

pellet was gently resuspended in PBS and the cells were fixed by the addition of 0.5 mL 

ice cold 100% ethanol. Fixed cells were washed twice with cold PBS and centrifuged 

(700 g, 3 min, at RT) between washes. After the second centrifugation, the cells were 

resuspended in lOOpL (1.25X) Lumio green labelling reagent and incubated at RT for 

30 min, protected from light. Cells were then centrifuged (700 g, 2 min, at RT) and the 

cell pellets were washed twice in Optimem. This was followed by the addition of 2 

volumes (200 pL) of disperse blue and a further incubation at RT (30 min). Cell pellets 

were washed three times in PBS with centrifugation (600 g, 2 min, RT) between 

washes. Cells were finally resuspended in 0.5 mL PBS. RNase A was then added to a 

final concentration of 10 pg/mL and the suspension was incubated at RT (5 min). 

Propidium iodide was then added to a final concentration of 20 pg/ml and the cells
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analysed by How cytometry using a FACS Calibur How cytometer (Becton Dickinson, 

San Jose, CA). Linear emission of PI was collected using the third channel (FL-3) for 

25,000 PI (red) positive cells gated in the FL-1 (green) channel. Electronic compensation 

was used to correct for emission overlap of Lumio (green) into the PI (red) emission. 

Area and width of the FL-2 channel was used for doublet discrimination. Typically, a 

total of 25,000 events were acquired and analysed using the Cell-Quest software. All 

flow cytometry experiments were carried out in duplicate within each assay and assays 

were repeated for verification. Analysis of the percentage of cells in each phase of the 

cell cycle was performed using the MODFIT-LT software.

Percent S-phase inhibition was calculated using the following formula:

°o of cells in $ phase in vector transfected cells - % cells in S phase in PTEN transfected cells

% S phosc inhibition : X100

\ cell: in S pho:e in vector tron:fected cell:

°ocelI in eitliei G1 G2 01 S phase X 100
Cell cycle distribution = ___________________________________________________

Total number of cells in all three phases
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2.12 Analysis of cell proliferation using the XTT assay

Cells were seeded in flat-bottomed 96 -well plates and transfection were conducted in 

these plates as per section 2.9.2. Samples were analysed at 0, 12, 24, 48 and 72 h time 

points. These time points were chosen according to preliminary experiments 

investigating the growth curve and doubling time of the cells being used. Cell 

proliferation was quantitated using the XTT (sodium 3'-[l-phenylaminocarbonyl)- 3,4- 

tetrazolium]-bis [4-methoxy- 6-nitro] benzene sulfonic acid hydrate) assay (Roche 

Molecular Biochemicals). This assay is based on the cleavage of the yellow tetrazolium 

salt, XTT, to form an orange formazan dye by metabolically active cells. All samples 

were tested in triplicate within each experiment (or assay) and all assays were repeated 

to confirm reproducibility of assays. After incubation of the cells for the required time 

point, 100 pL of the XTT reagent was added to each well (final concentration 0.3 

mg/mL). This was followed by further incubation for 2, 4, 8h in a humidified 

atmosphere (37°C, and 5% CCfi). Absorbance measurements were taken at 450 nm 

after each time course (0, 12, 24, 48, 72 h). Sample absorbance measurements were 

carried out in a microplate reader (Power Wave HT, Biotek). The absorbance values 

obtained were used to construct proliferation curves over lime.

2.13 Protein analysis methods

2.13.1 Materials

Pre-cast bis-tris polyacrylamide (NuPage) 4-12% gels, gel running buffer 2-(N- 

morpholino ethanesulfonic acid (MES), sodium dodecyl sulfate (SDS) (20X 

concentrate), and PBS were purchased from Invitrogen.

2.13.2 Protein extraction and immunoblotting

2.13.2.1 Protein extraction for western analysis

After transfection (40 h), cells were harvested, and resuspended in 10 mM Tris -HC1 

(pH 7.5) supplemented with complete protease inhibitor cocktail (Roche Molecular 

Biochemicals) and phosphatase inhibitor cocktail I and II (Astral Scientific). The cells 

were then subjected to a single cycle of rapid freezing and thawing followed by three 

pulses of sonication (10 s each) on ice. After sonication, the cells were centrifuged 

(20,000 g, 30 min 4°C) to remove cell debris. The protein containing supernatant was 

collected into a fresh 1.5 mL tube and protein concentration was estimated (as described
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in section 2.2.3). Extracted protein was used immediately for electrophoresis or stored 

at -20°C until required.

2.13.2.2 Protein extraction for fluorescent in-gel detection of exogenously 

expressed PTEN

For in-gel detection of expressed PTEN, cellular protein was isolated using a different 

protocol. In this case, total cellular protein was isolated (40 h after transfection) from 

transfected cells by the addition of 100 pL (IX) NP-40 lysis buffer (1M NaCl, IX NP- 

40, 0.2M Tris, pH 8) and incubation for 2 min at RT followed by 2 min incubation on 

ice. This lysate was then centrifuged (2min, 4"C at 12000 g). The complete protease 

inhibitor cocktail and phosphatase inhibitor cocktail was used as well as mentioned in 

previous page. The protein containing supernatant was removed and used immediately 

for electrophoresis or stored at -80 until required.

2.13.3 Polyacrylamide gel electrophoresis of proteins

For western analysis, 100 pg of protein was loaded in each lane of a 4-12% Bis -Tris 

acrylamide gel (Invitrogen) after the addition of lpL 5X SDS gel reducing buffer 

(312.5 mM Tris base, 10% glycerol, 11.5% SDS, 500 mM DTT, 0.1% Bromophenol 

Blue, pH 6.8). Samples were then heated at 100°C for 5-10 min prior to loading. Equal 

amounts of protein (100 pg) were loaded into each lane of the gel. Proteins were then 

separated by electrophoresis at 150 V in SDS-containing polyacrylamide gels at RT 

until the bromophenol dye reached the end of the gel.

2.13.4 Visualisation of electrophoresed proteins by Coomassie Blue staining

After electrophoresis, polyacrlamide gels were fixed in fixing solution (40% methanol, 

10% acetic acid) for 1 h and then proteins were visualised by staining the gels with 

Coomassie Blue G250 (Bio Rad). Gels were stained in Coomassie staining solution 

(40% methanol, 0.125% Coomasie blue, 50% (NEL^SCC, 85% H3PO4) at RT overnight 

with gentle agitation. The following day, the staining solution was discarded and 

destaining of the gel was conducted by washing the gels in destaining solution or 

deionised water until the protein bands were visible against a clear background. After 

this, proteins bands were visualised and documented photographically using the Chemi- 

doc, system (Bio Rad).
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2.13.5 Fluorescent In- gel detection of exogenously expressed PTEN

For in-gel detection of exogenously expressed PTEN, 4 pL Lumio (FLASH) gel buffer 

(4X) was added to the cell lysates followed by 0.2 pL of the Lumio green detection 

reagent. The samples were then incubated at 70 °C for 10 min. Following this, 2 pL of 

Lumio In-Gel Detection Enhancer was added to each protein lysates followed by 

incubation for 5 min at RT. After treatment of the protein extracts with the Lumio 

reagent, the proteins were separated by electrophoresis in 4-12% SDS-containing Bis- 

Tris polyacrylamide gels (section 2.13.3). Exogenously expressed PTEN was visualised 

after electrophoresis by placing the gel on a UV transilluminator. The UV light provides 

the correct wavelength for excitation and subsequent fluorescence detection of Lumio 

tagged proteins. After visualisation, the gels were stained with Coomassie Blue G250 

(Bio Rad), as described above to visualise total protein in each lane. Superimposing the 

Coomassie stained gel image on the fluorescent image allowed an estimation of the 

molecular weight of the fluorescing species to be determined by comparison with the 

molecular weight marker on the gel.

2.13.6 Electro transfer of proteins to membranes

After electrophoresis, proteins were transferred to nitrocellulose or PVDF membrane 

using an iBlot Gel Transfer system (Invitrogen) and transfer was undertaken according 

to the manufacturer's instructions. After transfer of proteins to an appropriate 

membrane, the membrane was stained with the Ponceau S stain (Ponceau S O.lg, 

trichloroacetic acid lg/ml) for 5 min with shaking to verify the efficacy of transfer. The 

membrane was then rinsed with deionised H20 until distinct pink coloured bands were 

observed. The presence of pink bands on the membrane was indicative of efficient 

transfer of proteins from the gel. Protein bands were visualised and photographically 

imaged.

2.13.7 Western analysis

For western analysis, the membrane was placed into PBST (IX PBS, 0.05% Tween-20) 

blocking buffer containing 3-5% skim milk powder or BSA, and incubated overnight at 

RT. This membrane was then washed 3 times (5 min each wash) in PBS and then, 

hybridized with the primary antibody (2 h to overnight at RT) with gentle agitation. 

Prior to western analysis experiments were carried out to determine the optimal 

antibody dilution for each antibody to be used. An appropriate dilution was one which
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produced a single specific hybridisation band with minimal background. After 

incubation with the primary antibody, the membrane was then washed 3 times (5 min 

each wash) in IX PBST. The secondary antibody (goat anti-rabbit horse radish 

peroxidase [HRP] conjugated IgG) was then added at an appropriate dilution, and the 

membrane incubation continued for 60 min at RT with gentle agitation. The membrane 

was then washed 3 times in IX PBST (5 min each wash) and once in IX PBS (5 min). 

After washing, the membrane was placed in fresh PBS.

2.13.7.1 Visualization of PTEN protein expression after western analysis

After hybridisation with the secondary antibody, the membrane was treated with a 

chemiluminescence (ECL) substrate according to the manufacturer's instructions to 

allow chemiluminescent detection of hybridising bands. Briefly, ECL reagent A 

(Pierce) was mixed with ECL reagent B (Pierce) in a 1:1 ratio to give sufficient solution 

to cover the membrane (0.125 ml/cnr). The membrane was incubated with the ECL 

substrate for 3-5 min before membrane visualisation was undertaken on a Chemi-doc, 

documentation system (Bio Rad). The exposure time was optimised by taking exposures 

for a total of 180 seconds with image captures at 10 sec intervals. Superimposing the 

chemiluminescence image and Coomassie stained gel images allowed the molecular 

weight of the hybridising proteins (AKT, p-AKT, and p-actin) to be determined.

2.13.9 Membrane stripping and rehybridisation

If membranes were to be reused, they were initially washed three times in PBST (5 min, 

RT, each wash). The membranes were then stripped of antibodies by washing in 

stripping buffer (MAM p- mercaptoethanol, 20% SDS, 62.5 mM Tris HC1, pH 6.8) at 

50°C for 30 min with agitation. After stripping, membranes were washed in neutral 

buffer (PBST) three times (5 min each at RT). Stripped membranes were blocked (2 h 

to overnight) in blocking buffer as described in section 2.13.7 in preparation for western 

analysis.

2.13.10 Gel scanning and analysis

Images of gels and blots were scanned using the quantity one software (BioRad) and 

images were stored for analysis. The working of the software is as follows:

First blots were scanned and images were captured at default settings. After this
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appropriate settings were found and images were taken at identical exposures. The 

images were enlarged, and bands were delineated for densitometry. Delineated 

background region was subtracted from band density. Then band density is calculated 

automatically by the software in each lane. These calculated density ratios were used to 

determine the pAkt level changes by the pAkt/Akt ratio. The P-actin bands density was 

also calculated the same as above. The pAkt/Akt ratio is normalised individually against 

(3- actin bands for gel loading differences.

The blots were scanned using the following parameters: chemiluminescence high 

sensitivity, for total 180-500sec exposure and taking images at an interval of 10-60 sec. 

The ten optimal images as determined by software were captured. These images were 

analysed using the quantity one software program. This program allows a specific lane 

or gel blot to be isolated and calibrated for densitometric calculations. Images were 

enlarged to delineate the bands for full densitometric analysis. The density highlighted 

bands were calculated using the software. This process was similar for all gels as the 

same exposure time were used for all scanned images. These densities were then 

compared with other appropriate density from Akt, p-Akt and P-actin band. Base to 

peak quantitations were calculated and compared to known control values of protein 

such as actin or wild type PTEN.

2.14 Software /Bioinformatics

Oligo v4.04 software was used to design all primers. The analysis [and alignment] of 

sequence data for individual mutant sequences was carried out using the Chromas 

software NCBI and Laser gene for alignment. Cell-cycle phase distribution was 

calculated on DNA plots using the ModFit LT software (v.4). Preliminary microarray 

data was analysed using the Genesifter software (Geospozia).

2.15 Statistics

All the statistical analyses were done using excel software for statistics or SPSS 

software. The standard error analysis performed in chapter 5 and 6 is the accepted 

statistical analysis for the data generated, as per the following papers [Lobo et al., 2008; 

Lobo et al.,2009 ]. The standard error of the mean is an estimate of the precision with 

which sample mean estimates the population mean, i.e. it measures the uncertainty in 

the experimental estimates of the mean [ Glantz et al., 2002], In my experiment, I 

wished to show how accurately my experimental data estimated the true mean, rather
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than simply the variability in population, thus I chose to use SE rather than SD for my 

data summaries. The analysis of variance (ANOVA) done is as follows. Data were 

arcsine square root transformed before analysis to improve homogeneity of variance (as 

assessed by Bartlett's test). Data were analysed using a General Linear Model analysis 

of variance with the single factor ‘mutant', and a post hoc Dunnett's test comparing % S 

phase data in the WTPTEN control strain to all other strains. Tukey’s test was used to 

make multiple comparisons of treatment averages. Significant changes were defined either 

as having a P-value less than or equal to 0.05 or when the differences in averages were 

greater than Tukey’s value when the confidence level, a, was set to 0.05.
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CONSTRUCTION OF PTEN MUTANTS



3.1 Construction of PTEN mutants

At the time of commencement of this project, a number of novel mutations of the PTEN 

gene had been identified in primary sporadic colorectal tumours. Work in our laboratory 

had demonstrated the occurrence of PTEN gene mutations and/or deletions in 41% of 

primary colorectal tumours. Interestingly, all but one of the tumours with PTEN gene 

alterations was of the microsatellite stable (MSI-) phenotype (Nassif et al 2004)[Nassif 

et al., 2004], Evidence of the importance of these mutations was provided by the finding 

that all tumours harbouring alterations of the TTETVgene demonstrated either reduced or 

absent PTEN protein expression. In all, 12 PTEN mutations were detected (10 somatic 

and 2 germline) of which 10 were novel mutations. The two germline mutations, 

(occurring in the 5‘ untranslated region (UTR) of PTEN had been previously described 

by other researchers. The 10 remaining mutations were coding mutations which were 

distributed throughout the PTEN coding sequence (Figure 1.5) (Table 3.1).

Predictions could be made regarding the effect(s) of these mutations on PTEN function 

based on the position, and type, of mutation, as well as by referring to the work of other 

researchers, but this is not definitive. For example some of these mutations, occurring 

in the active site of PTEN, like other described active site mutations, were predicted to 

alter the lipid phosphatase activity of PTEN, which is known to be essential for its 

tumour suppressor function. However, to determine if these mutations did indeed alter 

PTEN function, specific assays of PTEN function would be conducted. In order to do 

this, the wild type PTEN, along with each mutant PTEN, were constructed and 

introduced into appropriate cells in culture and the cells subsequently tested for 

functional changes associated with wild type and mutant PTEN expression.

The cell lines used in this study were the PTEN null U87MG glioblastoma cell line, the 

PTEN expressing HCT116 colon cancer cell line, and the MCF-7 breast cancer cell line. 

The U87MG cell line was used, in the first instance, to determine the effects of PTEN in 

the absence of any confounding endogenous PTEN expression and because the effects 

of PTEN are well characterised in this cell line. The HCT116 colon cancer line was also 

chosen because the mutations had been initially detected in colorectal tumours and it 

would be of important to determine the effect of the mutations in this cell type. Also to 

determine if the effects observed in U87MG were similar or different to HCT116. The 

MCF-7 breast cancer cell line was used in some of the experiments as some effects of 

ETETVare well characterised in this line therefore allowing comparison of effect of these
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PTEN mutants.

Table 3.1 Sequence and characteristics of the novel mutations identified in sporadic colorectal 

cancer

Mutant

sequence

Mutation type Gene

Location

Protein Location

K62R missense exon 3 N- terminal phosphatase domain

Y65C missense exon 3 N -terminal phosphatase domain

K125E missense exon 5 N -terminal phosphatase domain

Phosphatase active site

K125X nonsense exon 5 N- terminal phosphatase domain

Phosphatase active site

E150Q missense exon 5 N -terminal phosphatase domain

D153N missense exon 5 N-terminal phosphatase domain

D153Y missense exon 5 N- terminal phosphatase domain

V217A missense exon 7 C- terminal,C2 domain

319X frameshift/nonsense exon 8 C- terminal, C2 domain

N323K missense exon 8 C- terminal, C2 domain

C124S# missense exon 5 N- terminal phosphatase domain

Phosphatase active site

G129E# missense exon 5 N- terminal phosphatase domain

Phosphatase active site

# known phosphatase deficient mutants of PTEN characterised by other researchers and prepared as 
controls in this study.
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3.2 The Gateway cloning technology

The Gateway technology (Invitrogen) was used in all the cloning procedures in this 

project. This technology provides a rapid method for cloning of genes of interest into 

any expression system. It uses recombination sequences (cut sites) from phage lambda 

to allow the transfer of genes from one vector (the ‘entry* or cloning vector) to another 

(the 'destination' or expression vector) without traditional subcloning steps. The 

Gateway cloning technology is therefore essentially a two vector system in which the 

entry vector is used for standard cloning and the destination (or expression) vector is 

used for expression analysis (Figure 3.1). Once the gene of interest has been inserted 

into the entry vector, the resultant construct is named the entry clone. Entry clones can 

then be incubated with Gateway destination vectors in order to transfer the gene or 

DNA fragments of interest, directly into the particular destination vector. Thus, the 

system allows for the transfer of a gene into an expression vector in only two steps. A 

range of destination vectors are variable and the choice of which destination vector 

depends upon the downstream applications. The expression (destination) vector chosen 

in this work contained a C-terminal Lumio (or FLASH) tag in which PTEN was 

expressed as a C-terminal Lumio fusion protein (section 2.10). This Lumio tag enables 

detection of the protein of interest as a fluorescent tag.
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Expression vectors PCR products Expression vectors

Mammalian TOPOTA cloning

E.coli

Figure 3.1 Simplified diagrammatic representation of the Gateway cloning system. PCR amplified 
products are used for TOPO TA cloning (central part of the figure). These amplified products are cloned 
into an entry vector by topoisomerase-mediated TA cloning. The att sites (in the entry and destination 
vectors) are very important for subsequent site specific recombination cloning (or transfer) of inserts from 
the entry clone to the destination vector. There are a range of both prokaryotic and eukaryotic destination 
/ expression vectors available. These are indicated in the left and right parts of the figure.
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3.2.1 Preparation of the WT PTEN entry clone

The wild type (WT) PTEN cDNA was produced by PCR amplification of cDNA 

prepared from RNA isolated from normal human colonic mucosa (Figure 3.2A). After 

PCR (for primers see Table 2.1)(Figure 3.2B), the amplicon corresponding to the PTEN 

coding sequence (1.2 kb ) was gel purified and cloned into the PCR8 GW TOPO TA 

vector (Figure 3.2C) (Section 2.6.2). Ten recombinants (white colonies) were 

subsequently selected, plasmid DNA isolated (Section 2.2.2), and the presence of the 

insert was determined by restriction enzyme digestion with BsrG I. This enzyme cuts 

the PCR8 GW TOPO vector thrice. The WT PTEN cDNA sequence does not contain 

any BsrG I restriction sites thus, if the insert is present then a digestion product of 1.6 

kb in size is expected (Figure 3.3A).

The orientation of the cloned insert was determined by double digestion of the plasmids 

with the enzymes Hindll and Bg/II. The presence of a single Hindll site in the vector 

and a single Bg/II site in the insert generates a 0.49 kb fragment if the insert is in the 

correct orientation (i.e. the reading frame is in the 5* to 3‘ prime orientation). The 5'-3‘ 

orientation was desired because when the insert is later moved to the destination vector 

it will be in the correct orientation for expression. Of the clones selected for analysis 

80% contained an insert in the desired orientation (Figure 3.3B). These clones were then 

selected and sequence analysis verified that the sequence was indeed the WT PTEN 

sequence. This was done by comparison of the determined sequence with the Genbank 

database entry for PTEN (accession number U92436). Clones whose sequences 

matched the PTEN database sequence completely were selected. One of these selected 

clones was then chosen as the representative WT PTEN entry clone. This entry clone 

was used as the template for the generation of each of the mutant PTEN sequences. 

PCR based in vitro site-directed mutagenesis techniques were used to generate the 

single base changes (Figure 3.4); PCR was used to produce the truncating mutants 

A clone with the WT PTEN sequence in the opposite orientation was also selected at 

this point. After verification of the sequence of this clone, it was used as the antisense 

control (AS). This cloned served as a further transfection control. The antisense PTEN 

sequence provided another transfection control (section 2.9.3).
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Figure 3.2 Amplification of the WT PTEJ\ coding sequence and gel purification of the amplified 
PCR product. (A) RNA isolated from normal colonic mucosa. (B) Amplification of the PTEN coding 
sequence from cDNA prepared from RNA extracted from normal colonic mucosa. Key: M molecular 
weight marker X Hind II, C no template controls.; Lanes 1-4 PCR products of respective PTEN amplified 
products (C) Purification of amplified PTEN coding sequence. After purification PCR products were 
electrophoresed on 1% agarose gels. Key: M XPstI size standard; Lane 1-2, 1.2 Kb gel purified product.

67



A B
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0.49 kb

Fig 3.3 Determination of insert size and orientation of wild type PTEN entry clones by restriction 
analysis. (A) To determine insert size, plasmid clones were digested with the enzyme BsrG / and 
digestion products were electrophoresed on a 1% agarose gel. Key: Lane 1-3, different selected clones 
digested with BsrG /; Lane M. X Pst I size standard. (B) To determine insert orientation plasmid clones 
were double digested with Hindll and Bg/II. The digestion products were then electrophoresed on a 1% 
agarose gel. Clones with the insert in the 5 -3' orientation produced a 0.49 kb product. Key: Lane 1-4, 
different selected clones; Lane M, XPst I size standard.
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WT PTEN Entry Clone

J. In vitro Site Directed 

Mutagenesis

Shorter coding sequence 
product

Point mutation 
introduced

Cloned into 
PCR 8 GW TOPO 

Vector

Truncating clones Mutant clonescontaining 
base change

Verification by

SEQUENCEANALYSIS

Figure 3.4 Generalised strategy for the generation of the colon cancer associated PTEN mutations.
The point mutations were generated from the wild type PTEN entry clone by in vitro site directed 
mutagenesis in the case of the point mutations and by PCR amplification in the case of the truncating 
mutants. All entry clones (WT and mutant and all controls) were verified by sequence analysis.
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3.2.2 Preparation of the PTEN point mutations as Gateway entry clones

Once prepared and verified, the WT PTEN cDNA clone was used to engineer each of 

the individual somatic point mutations identified in primary colorectal tumours (K62R, 

Y65C, K125E, E150Q, D153N, D153Y, V217A and N323K) and the two known 

PTEN phosphatase deficient mutants (C124S and G129E) (Table 3.1). The Quick 

change in vitro site directed mutagenesis system was used successfully to produce all 

but one of the PTEN point mutants (section 2.6.4/ Production of the V217A mutant 

was not successful using this system and an alternative approach using the Gene Tailor 

system proved successful in the production of this PTEN mutant. The difficulty in 

preparing the V217A mutant using the Quick change system appeared to be due to a 

change by the manufacturer (Stratagene) in the Taq polymerase used in the system. 

Stratagene advised that they had received similar feedback from other customers that 

since the change in polymerase they had been experiencing difficulty with the system. 

Stratagene suggested using an alternative product.

All point mutations were produced in the pCR8/GW/TOPO TA cloning / entry vector 

and the inserts were subsequently verified by digestion with the restriction enzymes 

EcolU, Bglll and Hindll (section 2.2.5). After restriction digestion, mutant clones 

producing the correct sized products were selected and sequenced fully on both strands 

to confirm that the only mutation present was that intended for each construct and that 

no mutation had been introduced anywhere else during the cloning or mutagenesis 

steps. This was done by comparison of the determined sequence with the Genbank 

database entry for WT PTEN (accession number U92436). Clones whose sequence 

matched the PTEN database sequence, completely, except for the single base pair 

change were selected. In each case, there was more than one correct clone, and, of 

these, one was selected as the representative clone for that sequence.

Overall, 100 clones were analysed (10 for each point mutant including the controls) to 

yield the final 10 representative PTEN point mutants. These clones were now ready for 

transfer to the destination vector for subsequent expression analysis.
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3.2.3 Preparation of the PTEN truncating mutants

The WT PTEN cDNA clone was also used to generate the two truncating mutants of 

PTEN (K125X and 319X) by specific PCR amplification. The primers for the 

preparation of these two mutants were designed to amplify the appropriate regions of 

the PTEN coding sequence from the WT PTEN cDNA clone (Figure 3.5). The PCR 

products generated were subsequently cloned into the same entry vector (PCR 8 TOPO 

TA) and the resulting entry clones were verified by restriction enzyme digestion with 

Bg/II and Hindill, as was done with the other clones (Figure 3.6). Of the 10 clones 

selected for each of the mutants, again 80% were found to contain the correct insert 

with the correct WT PTEN sequence ending at the desired position. Of the clones with 

the correct inserts, one representative clone was selected for each of the truncating 

mutants K125X and 319X.

After being sequenced to verify orientation all the entry clones, they could be used for 

the preparation of the corresponding destination/ expression clones by recombination 

mediated transfer of the inserts to the selected destination (expression) vector for 

subsequent expression analysis. The sequences of all the prepared entry clones, showing 

the mutant base(s) are presented in (Figure 3.7).
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124 318

^PCR Amplification

— Product 1 327 hp
Product 2 954 bp

Figure 3.5 Primer design for the preparation of the PTEN truncating mutants K125X and 319X.
The green bar represents the WT PTEN sequence showing the codon numbers above the bar. The same 
forward printer was used for the preparation of both mutants. The reverse primers were different for each 
mutant and formed the end of the inserts.
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A B

Figure 3.6 Preparation of the PTEN truncating mutants. After amplification of the WT PTEN clone, 
with the corresponding primers PCR products corresponding to the shorter PTEN sequences were 
electrophoresed on 1% agarose gels. A. Amplification of codons 1-124 of the PTEN cDNA 
corresponding to the K125X mutant. Key: C, no template control; M, 100 base pair ladder; Lanes land 2, 
PCR products corresponding to amplification codons 1-124. B. Amplification of codons 1-318 of the 
PTEN coding sequence for production of the 319X mutant. Key: C, no template control; M,Hind III 
size standard; Lanes 1-3, PCR products corresponding to amplification codons 1-318.
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K62R

Y65C

K125E

E150Q

D153N

Fig 3.7Sequences of the WT and mutant PTEN entry clones. All clones were sequenced completely 
on both forward and reverse strands to make sure that no other mutation had been introduced anywhere 
other than that introduced by the in vitro mutagenesis technique. The sequences of each of the constructed 
entry clones are shown. In each pair of figures, the left hand side image is the wild type sequence and the 
right hand side image is the mutant sequence. For the truncating clones the end of the insert is shown with 
the vector sequences following. Figure 3.8 continued on next page
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3.2.4 Construction of the WT and mutant PTEN Destination (Expression) Clones

Once the WT PTEN and all of the mutant PTEN entry clones had been constructed, the 

inserts could be moved to the selected expression (destination) vector for cellular 

analysis. The chosen mammalian expression vector was pcDNA 6.2 Lumio in which the 

protein of interest is expressed as a C-terminal Lumio fusion protein. The tetracysteine 

C-Lumio tag specifically binds to a commercially available Lumio Green detection 

reagent which allows for the fluorescent detection of Lumio-tagged proteins. 

Visualisation is based on the formation of a stable complex between the synthetic 

fluorescent biarsenical compound, such as (e.g. Cys-Cys-Pro-Gly-Cys-Cys) the 

fluorescein derivative fluorescein arsenical helix binder (FlAsH i.e. Lumio) and a Tet 

Cys motif consisting of six amino acids. This small tag is fused genetically to the host 

protein in this case. TetCys-tagged proteins expressed from a plasmid are able to be 

visualised in living mammalian cells by fluorescence microscopy (section 2.10).

The inserts in the entry clones were transferred to the destination vector using 

recombination mediated cloning. The WT PTEN, the antisense (AS) and each of the 

individual somatic mutants (K62R, Y65C, K125X, K125E, E150Q, D153N, D153Y, 

V217A, 319X, and N323K), along with the two known PTEN phosphatase deficient 

mutants (C124S and G129E) were cloned into the pcDNA6.2/c Lumio-DEST 

expression vector by directional site-specific recombination (section 2.6.5 ). The 

recombination reaction was performed to transfer the coding region inserted in the entry 

vector to the destination plasmid to produce the respective destination clones.

After site specific recombination transfer of the inserts, transformation of the 

recombination products into DH5a competent cells, and plating on to ampicillin- 

containing LB agar plates allowed the specific selection of expression clones and the 

selective killing of bacteria containing the initial plasmid constructs. Ten random clones 

were selected for each mutant sequence and of the selected clones, 80-90% contained an 

insert that was in the correct orientation for expression. These clones were characterised 

and verified by restriction analysis. Insert orientation was verified by double digestion 

with the enzymes SacI and Clal. This double digest was expected to produce a 1.2 kb 

fragment if the orientation of the insert was correct for expression analysis (Figure 3.8). 

All the entry clones containing point mutations (K62R, Y65C, K125E, E150Q, D153N, 

D153Y, V217A and N323K) (C124S and G129E) showed a uniform banding pattern as 

there was no variation in insert size or orientation. The only difference being the single
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base change.

The K125X truncating mutant does not contain the site for the Clal restriction enzyme 

due to the truncation occurring before the enzyme site. In this case insert orientation 

was verified by double digestion with the enzymes Sad and Bglll. This double digest 

was expected to produce a 0.32 kb fragment if the orientation ol the insert was correct 

for expression analysis. The 319X mutant was verified in a similar way to the point 

mutants as it still contained the Clal site.

These PTEN destination clones (14 in total) were prepared and verified by restriction 

site analysis. After verification of the sequence by restriction analysis, one 

representative clone (in the correct orientation for expression) was chosen for each 

mutant PTEN sequence. The chosen clones for the WT PTEN and each mutant PTEN 

sequence were prepared on large scale (maxi-preparation) to ensure sufficient 

quantities of DNA for multiple transfection experiments (section 2.2.2.2 ).
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Figure 3.8 Y'erification of the orientation of the produced WT PTEN destination clone. After 
plasmid mini preparation, the plasmid DNA was double digested with the enzymes SacI and Clal to 
confirm the orientation of the inserts. The digestion products were electrophoresed on 1% agarose gels. 
Key: M, XPst 1 molecular weight marker; lanes 1-6, in different selected destination contructs.

79



3.3 VERIFICATION OF EXOGENOUS WT AND MUTANT PTEN 

EXPRESSION

3.3.1 Introduction

Prior to carrying out any functional analysis of the WT and mutant PTEN, all the 

prepared Gateway expression constructs were checked for expression in U87MG cells 

after transient transfection. The destination/expression vector used provides a C- 

terminal Lumio fusion tag for subsequent detection of exogenously expressed proteins. 

The Lumio™ Technology provided an effective way to detect and localise, the protein 

of interest in both live and fixed mammalian cells. The provided Lumio reagent is a 

non-fluorescent fluorescein derivative which can cross live eukaryotic cell membranes. 

The reagent binds to the Lumio tag fused to express Lumio tagged proteins, and once 

bound, green fluorescence is observed, indicating the presence of exogenously 

expressed protein. In this case Lumio tagged WT or mutant PTEN protein would be 

expressed.

3.3.2 Preliminary verification of PTEN expression by fluorescence microscopy

Once the PTEN destination constructs had been prepared, preliminary analysis by 

transient transfection, and subsequent fluorescence detection were undertaken. Some 

optimisation of the transfection and detection parameters was undertaken. Initially, 

small scale transient transfection experiments were carried out using U87MG cells with 

subsequent detection by fluorescence microscopy (section 2.10). The WT PTEN, C124S 

phosphatase deficient mutant and the vector only control were transfected into U87MG 

cells cultured on coverslips in 6 well plates (section 2.9.1). Untransfected U87MG, 

mock transfected cells and vector transfected cells served as controls. Transfection of 

empty pcDNA6.2 vector was included as this eliminated any potential experimental 

interference resulting from 'exposure to the vector'. The mock transfected cells were 

included to check to see if cells were affected by the reagents. Forty hours after 

transfection, this ensured sufficient time for successful protein expression. The cells 

were washed and stained with the Lumio reagent (Section 2.10.1) to detect the 

expressed PTEN protein.

Visualisation of cells by fluorescence microscopy identified the presence of green 

fluorescence in the cells, indicating the presence of exogenously expressed PTEN in the 

WT and C124S transfected cells (Figure 3.9). During the course of visualisation of the 

expressed PTEN, it became apparent that using the manufacturer's cell staining protocol 

there was some level of background fluorescence as fluorescence was observed in the
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untransfected U87MG cells and vector transfected cells in which PTEN was not 

expressed. This low level green florescence observed was not expected in these two 

controls. Although the level of background fluorescence was low, optimisation of the 

staining protocol was undertaken to reduce this to a level that was minimal, but 

maintained optimal visualisation of the expressed PTEN.

3.3.3 Reduction of background fluorescence

Initially staining of the cells with the Lumio reagent was carried out using the 

manufacturer's recommended protocol, but due to the low level of background 

fluorescence observed with the untransfected and vector transfected cells, optimisation 

of the staining protocol was undertaken. Initially, the number of PBS washes included 

between the staining procedures was increased from the recommended one to three 

washes. The increase in the number of washes led to a marked reduction in the 

fluorescence intensity observed with the untransfected cells. Further to this, a reduction 

in the amount of staining reagent also led to further reduction in the level of background 

fluorescence without affecting the intensity of the fluorescence observed with the 

expression constructs. Testing different concentrations of the lumio in-cell staining 

reagent showed that using half the recommended amount ol the staining reagent could 

maintain the same level of fluorescence intensity for the cells expressing exogenous 

PTEN but with reduced background fluorescence. The recommended concentration of

2.5 pM was reduced to 1.25 pM without compromising sensitivity, while keeping 

background fluorescence to minimal levels. The optimised staining protocol was used 

for subsequent in-cell detection experiments ( section 2.10.1).
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Figure 3.9 In-cell detection of exogenously expressed PTEN in U87MG cells. After transfection (40 
h), U87MG cells were stained with the lumio reagent to detect lumio-tagged PTEN. Images A and B are 
the light microscope images of the cells and Images C and D are the corresponding fluorescence images 
of the same cells. A and C are U87MG cells transfected with vector only while B and D are U87MG cells 
transfected with WT PTEN.
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3.3.4 In- cell detection of exogenously expressed Lumio tagged PTEN

The initial experiments described in the previous section were carried out to verify the 

expression of PTEN from the destination expression constructs, in U87MG cells. After 

verification using two of the constructs, the remainder of the constructs (antisense (AS), 

K62R, Y65C, K125E, K125X, D153N, D153Y, E150Q, V217A, 319X, N323K, C124S 

and G129E) were tested in a similar way. All constructs were successfully expressed in 

U87MG cells, as determined by the green fluorescence observed after staining the 

transfected cells with the Lumio reagent. Those constructs not expected to express 

PTEN (AS, vector, untransfected and mock transfected) did not have any background 

fluorescence. Successful expression of WT PTEN, and the entire set of constructed 

mutant PTEN were verified by the presence of the intracellular green fluorescence after 

transfection and staining
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3.3.5 Expression of PTEN is uniform between constructs

The intensity of the green fluorescence observed was found to be similar for all 

constructs tested, indicating similar transfection and expression levels from all 

constructs (Figure 3.10). Transfection efficiencies for the different constructs were 

initially evaluated by visualisation of PTEN expressing cells and found to be similar for 

all the PTEN expressing constructs. No major differences in fluorescence intensity were 

observed between constructs. The transfection efficiency was later analysed, and 

confirmed by flow cytometry (Figure 3.11). Both methods indicated that transfection 

efficiency was similar for all constructs tested. To determine if the green fluorescence 

that had been detected in the cells was indeed PTEN, in-gel detection of Lumio tagged 

PTEN was carried out after electrophoresis of protein extracts isolated from transfected 

cells (section 2.13.2.2). The flowcytometry analysis revealed that tranfection efficiency 

as resulting from the transfection protocol utilised was similarly very high in both 

U87MG and HCT116 cells.
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Figure 3.10 In-cell detection of exogenously expressed PTEN in U87MG cells. The WT PTEN and all 
the mutants were transfected into U87MG cells and PTEN detected by staining with lumio reagent. 
Representative mutants are shown here. A. C, E,G,I,K.MO,Q,S,U,W: Light microscopy images, B, D, F 
,H,J,L,N,P,R,T,V,X represents fluorescent images. A and B U87MG transfected with point mutation 
K62R C and D truncated mutant 125X and E and F phosphatase deficient control mutant C124S, G and H 
G129E lipid phosphatase deficient mutant land J point mutant Y65C, K and L K125X truncated mutant, 
Mand N point mutant E150Q, O and P point mutant D153N, Qand R point mutant D153Y, S and T 
point mutant V217A, U and V truncated mutant 319X , W and X point mutant N323K. Staining was 
carried out 40h after transfection. The corresponding visible light and fluorescence images are indicated.
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Figure 3.11 Determination of transfection efficiency by flow cytometry. Flow cytometry histograms 
obtained for U87MG cells transfected with (A) WT, (B) C124S, (C) K62R and (D) K125X PTEN (E) 
Y65C (F) 125X (G) G129E (H) D153N (I) E150Q (J) D153Y (K)V217A (L) 319X (M) N323K 
constructs (gating on green fluorescence). The X axis represents the filter FL1-H the green fluorescence. 
The Y axis is the number of cells counted. A total of 25,000 events were captured by flow cytometery. 
The percentage represents transfection efficiency as calculated by CellQuest software of flow cytometer.
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3.3.6 In-gel detection of exogenously expressed, lumio- tagged PTEN protein

In- cell detection of exogenously expressed PTEN protein showed that expression 

occurred at similar levels for each of the different constructs, as determined by the 

intensity of the observed fluorescence. To confirm the identity of PTEN in the 

expressing cells, the in- gel detection procedure was carried out. In-gel detection not 

only allows the detection of the expressed protein in the lysates from transfected cells, 

but the size of the lumio-tagged protein may be determined to confirm identity as 

PTEN. Thus to confirm the expression of PTEN from the different constructs, all 

constructs were transfected into U87MG cells and analysed by the post electrophoresis 

detection in the gel by *’In-gel detection" procedure (section 2.13.2.2) .

Forty hours after transfection, cells were treated with a lysis buffer and total protein was 

extracted. The cell lysates were treated with a Lumio reagent to label the Lumio -tagged 

proteins in the lysates and the proteins were electrophoresed on polyacrylamide gels 

(section 2.13.3). After electrophoresis, Lumio-tagged PTEN could be observed as a 

single band within each lane of the gel. Upon comparison of the fluorescent bands with 

the size standard, it was found to be the correct molecular weight for PTEN (Figure 

3.12). The kit provided hy the company had size of only 8 samples pack for In -gel 

analysis. So, only few of the mutants could be tested. The other mutant's expression 

was confirmed by In- cell detection (figure 3.10). This was confirmed by superimposing 

the image of the Lumio stained gel image on the corresponding Coomassie stained gel 

image. This confirmed the expression of PTEN from each of the destination constructs.
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3.3.7 Verification of wild type and Mutant PTEN protein expression from 

expression constructs

In -cell detection of exogenously expressed PTEN verified the uniform expression of 

PTEN in U87MG cells by the similarity in fluorescence intensity observed for all 

constructs tested. In- gel detection of PTEN confirmed that PTEN was the exogenously 

expressed protein in U87MG cells as verified by the size determination of the expressed 

PTEN. Having verified the expression of PTEN from the constructs, these clones could 

now be confidently used for PTEN functional analyses, which are now described in the 

following sections.

The transfection efficiency was later analysed, and confirmed by llow cytometry for 

both U87MG and HCT116 cells, which showed that transfection efficiencies were 

similar equal between the different PTEN constructs.

91



A B

MIC 23 45678 M 12345678

Figure 3.12 In-gel detection of exogenously expressed PTEN in U87MG cells. (A) Fluorescent image 
after excitation of the fluorescent Lumio tag by UV light. U87MG cells were transiently transfected with 
WT and mutant PTEN constructs. In this experiment, in which merely the presence of the expressed 
PTEN was detected, the same amount of cells was not used for WT PTEN and mutant constructs. (B) 
Corresponding Coomassie stained gel showing total protein from transfected cell lysates. Key: M, Novex 
see plus protein molecular weight marker; C, untransfected U87MG cells as control; Lane 2 wild type 
PTEN. Lane 1- K62R, lane- 3 Y65C, lane 4- 125X, lane 5- D153N. lane 6- 319X , lane 7-N323K and 
lane8-K125X PTEN mutants.
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Chapter 4

4.1 Determination of the effect of PTEN mutations on the suppression of pAkt 

levels.

4.1.1. Introduction

The PTEN gene functions as a tumour suppressor by opposing the effects of PI3K 

activation. The PI3K-PTEN signalling network functions as a crucial regulator of cell 

survival decisions [Cully et ah, 2006], When PTEN is deleted, mutated or otherwise 

inactivated, PI3K effectors, particularly Akt, can be in an activated state in the absence 

of any exogenous stimulus, and tumourigenesis can be initiated [Cully et ah, 2006]. The 

lack of functional PTEN results in the accumulation of PIP3, which leads to the 

recruitment to the membrane, and activation of Akt [Mills et ah, 2001; Reifenberger et 

ah, 2000; Simpson and Parsons, 2001], Introduction of wild-type PTEN into cancer cell 

lines lacking functional PTEN protein decreases signalling through the PI3K pathway 

[Mills et ah, 2001; Reifenberger et ah, 2000; Simpson and Parsons, 2001],

Dysregulation of the PI3K-Akt pathway has been found in a wide spectrum of human 

neoplasias [Vivanco and Sawyers, 2002] [Fresno Vara et ah, 2004] and increased Akt 

activity, as the result of PTEN inactivation by loss of heterozygosity (LOH) and somatic 

mutations, has been demonstrated in a variety of tumour types, including prostate, 

endometrium, colon and lung tumours [David, 2001; Nassif et ah, 2004; Li et ah, 1997 

Terakawa et ah, 2003], One of the key regulatory molecules involved in the regulation 

of cell survival is Akt, which is implicated in protection from apoptosis in response to 

several growth factors and cytokines, and protects cells from apoptosis induced by 

withdrawal of survival signals, c-Myc overexpression [Kauffmann-Zeh et ah, 1997] and 

matrix detachment [Khwaja et ah, 1997]; cited in [Downward, 1998]. Furthermore, loss 

of Akt function in Drosophila results in ectopic cell death [Staveley et ah, 1998]. 

Phosphorylation of Akt on Thr-308 and Ser-473 is required for its full activation [Alessi 

et ah, 1997; Stokoe et ah, 1997],

PTEN dephosphorylates all 3-phosphorylated Pis and Ins (1, 3, 4, 5) P4 in vitro, and 

several lines of evidence suggest it reduces PIP2 and PIP3 levels in mammalian cells. 

First, the introduction of wild-type PTEN, but not lipid phosphatase-inactive mutants, 

into PTEN-null cell lines causes a decrease in the intracellular level of PIP3 and
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PtdIns(3,4)P2[Haas-Kogan et al., 1998; Maehama and Dixon, 1998],[Myers et al., 1998; 

Reifenberger et al., 2000]. Second, in tumour cell lines lacking functional PTEN, and in 

cell lines derived from PTEN knockout mice, the levels of PIP3 and PIP2 are 

constitutively increased compared to the levels in wild-type cells [Stambolic et al.,

1998; Sun etal., 1999],

Evidence indicates that deletion of the phosphatase activity of PTEN in tumours 

leads to a dramatic increase in the activity of the PI 3-kinase PKB signalling pathway 

and, in turn, cell-cycle progression and resistance to apoptosis [Stambolic et al., 1998], 

Increased lipid phosphatase levels in these cells correlate with the activation of Akt, and 

the reintroduction of PTEN causes inhibition of Akt and other PI3K targets [Haas- 

Kogan et al., 1998; Li and Sun, 1997; Reifenberger et al., 2000 ; Stambolic et al., 1998; 

Suzuki et al., 1998 ; Dahia et al., 1999 ; Lu et al., 1999; Sun et al., 1999; Wick et al., 

1999; Wu et al., 1998],Using tumour-derived PTEN mutants lacking lipid phosphatase 

activity but retaining protein phosphatase activity, it has also been shown that the lipid 

phosphatase activity of PTEN is required for tumour suppression [Fumari et al., 1998; 

Myers et al., 1998],

The present study was initiated to explore whether ten novel tumour-derived PTEN 

mutants (K62R, Y65C, K125E, K125X, E150Q, D153N, D153Y, V217A, 319X and 

N323K) altered lipid phosphatase activity. The process involved in the alteration of 

PTEN's lipid phosphatase activity may have a direct effect on tumour formation.

The aim of this study was to use an antibody specific for Akt phosphorylated at Ser-473 

and pan total Akt for WT PTEN and ten novel tumour-derived PTEN mutations 

identified in primary sporadic colorectal cancer. The Akt phosphorylation status in 

transiently expressing WT PTEN or mutant PTEN in U87MG cells was examined 

transiently expressing WT PTEN or mutant PTEN in U87MG cells by western blotting, 

using a phosphorylated Akt (p-Akt) antibody, which recognises only phosphorylated 

Akt at Ser 473, and total pan Akt, which also recognises total Akt at Ser 473. Both of 

these antibodies were used sequentially.
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4.1.2 The phosphoAkt suppression assay

PTEN dephosphorylates PI3K-generated PIP3, thereby limiting the activity of the PI3K- 

Akt pathway. In vitro as a lipid phosphatase metabolising PIP3 and PIP2, PTEN can 

downregulate the cellular activity of Akt, and cells lacking PTEN have a constitutively 

high level of Akt activity [Haas-Kogan et al., 1998; Li et al., 1998; Myers et al., 1998; 

Reifenberger et al., 2000; Robertson et al., 1998, Stambolic et al.„ 1998 ]. Therefore, 

the inhibitory effect of PTEN on Akt activity is closely related to its lipid phosphatase 

activity. The phospho Akt suppression assay is a measure to check the functional lipid 

phosphatase activity of PTEN. Thus, functional PTEN would result in suppression of a 

high level of endogenous phosphorylated Akt, and a deficiency in PTEN would result in 

increased endogenous Akt phosphorylation. The Akt activation is inhibited by lipid 

phosphatase activity of PTEN, and this test is for the function of PTEN's lipid 

phosphatase activity. This means that the levels of suppression of phosphorylation of 

Akt would be an indicator of PTEN's lipid phosphatase activity.

The U87MG cells are a PTEN null cell line that does not express endogenous PTEN 

were used. Endogenous Akt-Ser-473 phosphorylation levels are elevated in 

glioblastoma cell lines [Haas-Kogan et al., 1998], in association with PTEN 

inactivation. The introduction of WT PTEN into these cells has resulted in decreased 

Akt activity through the modulation of PtdIns(3,4,5)P3 and PtdIns(3,4)P2 levels [Myers 

et al., 1998]. The next step was to determine whether or not ten tumour-derived mutants 

had an alteration of lipid phosphatase activity. The WT PTEN and mutant PTEN were 

tested for their ability to dephosphorylate endogenous phosphorylated Akt in U87MG 

cells.
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4.2 Optimisation of Akt phosphorylation status of WT and mutant PTEN 

expressing U87MG cells

Initially, small-scale transient transfection experiments were carried out using U87MG 

cells. This experiment was optimised using wild-type PTEN, control mutant C124S, and 

vector only transfected cells and untransfected U87MG cells. To investigate whether the 

loss of PTEN may provide a growth advantage to tumour cells that contain inactivating 

PTEN mutations, the function of the PTEN gene in the human glioblastoma cell line 

U87MG was examined. The cell line U87MG has been shown to carry a deletion in the 

PTEN gene. It was expected that U87MG cells transiently expressing wild-type PTEN 

would lead to a substantial reduction in the amount of the phosphorylated active forms 

of Akt. This was confirmed by initial optimisation experiments (Figure 4.1). The 

phosphatase deficient mutant C124S, untransfected U87MG cells and the vector only 

control did not lead to a reduction of the Akt level (Figure 4.1).
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Figure 4.1 Initial optimisation experiments for Akt phosphorylation status (Ser-473) hy Western 
analysis in IJ87IY1G cells expressing WT or control mutant PTEN. Initially, cellular lysates from 
U87MG cells expressed with wild-type PTEN (WT), or control mutant PTEN protein. Protein was 
isolated and run on PAGE gel (section 2.13.2.1). The membrane was blotted with anti-phosphoAkt 
(Ser473, top panel) and reprobed with anti-Akt (Pan total Akt) (second pane!) (section 2.13.7). The 
results shown are one experiment representative of similar experiments carried out on two biological 
replicate .
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4.2.1 To determine phosphorylation status of Akt by western blot analysis in 

U87MG cells

The WT PTEN and mutant PTEN contrsucts (K62R, Y65C, K125E, K125X, E150Q, 

D153N, D153Y, V217A, 319X, N323K, C124S, G129E, AS PTEN) and vector only 

were transiently expressed in U87MG cells. These were compared with WT and 

untransfected U87MG cells. Protein was isolated 40h post-transfection (section 

2.13.2.1). Cell lysates (protein) were subjected to protein gel electrophoresis (section 

2.13.3) and western blotting (section 2.13.7). In this assay, it was expected that the 

wild-type PTEN would suppress the high level of endogenous phosphorylated Akt 

present in the U87MG cells, and the ability of each of the mutants to do this was 

measured against the wild-type PTEN.

In order to ensure that the same amount of protein was present in each sample so that 

comparative results were accurate, protein samples were loaded on a gel and blotted for 

the (3-actin-gel loading control. No significant difference was observed between 

untransfected and vector only cells.

The WT PTEN and mutant PTEN were transiently expressed in U87MG cells. The 

expression of WT PTEN, but not its catalytically inactive mutant PTEN (C124S), led to 

a substantial reduction in the amount of the phosphorylated, active forms of Akt, 

determined by using an antibody that specifically recognises the Ser-473- 

phosphorylated Akt (Figure 4.1 A). The reduction in the Akt phosphorylation signal is 

not due to a decrease in protein level, because the total protein level of Pan Akt was 

even slightly elevated by PTEN expression, as revealed by western blot analysis using 

antibodies that recognise both phosphorylated and unphosphorylated forms of Akt 

(Fig.4.1 A).

The G129E and C124S control mutants had no effect on suppression of pAkt at position 

473. The suppression of Akt phosphorylation seen in U87MG cells expressing wild- 

type PTEN was not attributable to a decrease in Akt protein levels, revealed by 

reprobing the membrane with an antibody recognising unphosphorylated forms of Akt 

or pan total Akt. The bands of approxiamtely 62 kDa were detected using both phospho- 

and total Akt antibodies. In Figure 4.1 A the top panel shows the phospho-Akt band, the 

middle panel shows total Akt and the bottom panel shows the (3-actin band.
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The results for Akt phosphorylation in U87MG cells indicated endogenous suppression 

of the activation of phospho-Akt without affecting total Akt of WT PTEN when 

compared to the control mutant C124S. After this the pAkt / Akt ratio was calculated by 

densitometry (section 2.13.10). Each of these pAkt and Akt values were normalised 

against the (3-actin-gel loading control. The densitometry calculation confirmed the 

endogenous suppression of activation of phospho-Akt without affecting the total Akt of 

WT PTEN. Then each of the PTEN mutants was compared against WT for endogenous 

suppression of activation of phospho-Akt.

Analysis by densitometry revealed the expression of wild-type PTEN suppressed the 

level of phosphorylated Akt by 65-70% (Figure 4.1 A, B). The expression of the PTEN 

mutant G129E, which lacks lipid phosphatase but retains protein phosphatase activity, 

and the phosphatase dead PTEN C124S behaved the same as untransfected U87MG 

cells. Both of these mutants have been previously shown not to be able to suppress 

endogenous high levels of phosphorylated Akt in parental U87MG cells [Myers et al., 

1997; Myers and Tonks, 1997; Wen et al., 2001] [Waite and Eng, 2002] [Downes et al., 

2004], The level of phosphorylated Akt is the same in the parental cells and in the cells 

transfected with these phosphatase deficient mutants.
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Figure 4.2 Akt phosphorylation status (Ser-473) by Western analysis in U87MG cells expressing 
WT or mutant PTEN. (A) Western Blotting of WT and mutant PTEN in U87MG cells; (B) Akt 
western blotting and quantification in U87MG cells with WT PTEN and mutant PTEN. (A) Cellular 
lysates from U87MG cells expressed with wild-type PTEN (WT), or mutant PTEN. Protein was isolated 
and run on PAGE gel (section 2.13.2.1). The membrane was blotted with antiphospho Akt (Ser473, top) 
and reprobed with anti-Akt (Pan total Akt) (second panel) (section 2.13.7). The membrane for equal 
loading control was reprobed with P-actin antibody (third panel)1. Immunoblotting was done with 
phospho-Akt, and total Akt, and visualised by enhanced chemiluminescence (section 2.13.7.1). (B) The 
phospho-Akt/total Akt ratio was calculated and determined by densitometry and (normalised to 1 in 
controls). The pAkt/Akt ratio was normalised individually against P-actin bands for gel loading 
differences (section 2.13.10). This data represents the averaged densitometric ratios for two biological 
replicates in this expertiment in U87MG cells.
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However, in this assay, expression of the PTEN mutants K62R, D153Y, E150Q, 

N323K, and V217A also suppressed the level of endogenous phosphorylated Akt in 

U87MG cells comparable to WT. The mutant Y65C displayed a partial loss of function 

of PTEN's lipid phosphatase activity. It could only suppress endogenous 

phosphorylated Akt in U87MG cells less than half of the activity level of WT. The 

expression of the mutant constructs showed that four PTEN mutants (K125E, K125X, 

D153N, and 319X) were unable to suppress endogenous levels of phosphorylated Akt in 

U87MG cells. The level of phosphorylated Akt present was similar to that seen in the 

untransfected parental U87MG cells. This was also similar to what was observed with 

phosphatase deficient mutants (Figure 4.2A, B). In some of the PTEN mutants, K62R, 

D153Y, E150Q, N323K, and V217A, the level of phosphorylated Akt (detected by an 

antiphospho-Akt antibody) was low and similar to WT PTEN, which indicates active 

PTEN function.

In contrast, the levels of phosphorylated Akt in the K125E, K125X, D153N, and 319X 

mutations were similar to untransfected U87MG and phosphatase deficient mutants 

(Figure 4.2A, B). These data indicate the PTEN protein produced has nonfunctional 

lipid phosphatase activity. The mutant Y65C did not behave like either WT or a 

phosphatase deficient mutant. These results suggest the Y65C mutant is indeed a partial 

loss of function mutant.

It must be pointed out here that this was just a preliminary experiment for phospho Akt 

suppression analysis for the PTEN mutants K62R, Y65C, K125E, K125X, E150Q, 

D153N, D153Y, V217A, 319X and N323K in U87MG cells. This experiment was 

repeated four times. The data could only be analysed from two experiments. For the 

remaining two experiments western blotting was performed but data was not obtained 

because of contamination of the secondary antibody reagent. Two separate membranes 

were used for the western blotting experiment. Some mutants displayed variability of 

the P-actin loading control (Figure 4.2A). For the purpose of reproducibility and 

variability, this experiment needs to be repeated to reconfirm the data. There was also a 

non-specific background observed in the blots. The reason for this could be that the 

PVDF membrane and skim milk powder used for western blotting tends to give a high 

background (http://www.abcam.com).
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4.3 Determination of the effect of the PTEN mutation on suppression of pAkt 

levels in HCT116 cells

4.3.1 The phosphoAkt suppression assay

The effect of the WT and PTEN mutants on the Akt phosphorylation status of U87MG 

cells was shown in the previous section. HCT116 colon cancer cells were used to 

determine the effects exerted by wild-type PTEN and mutant PTEN in this endogenous 

PTEN expressing colon cancer cell line. The ten novel mutations used in the experiment 

had been detected in primary sporadic colorectal cancer. It was important to determine 

if the mutants would exert similar effects in colon cancer cells. The phospho-Akt 

suppression assay is already explained in detail in the above U87MG cells (section 

4.1.2).

The ability of WT PTEN and mutant PTEN to suppress endogenous phosphorylated Akt 

activity in HCT116 cells was investigated. The phospho-Akt suppression analysis was 

similar to that used for the U87MG cells above. Wild-type and mutant PTEN gene 

constructs were transiently expressed in HCT116 cells.

102



4.3.2 Akt phosphorylation status of WT and mutant PTEN expressing HCT116 

cells

To investigate the function of PTEN in colon cancer and the mechanism of 

tumourigenesis, the HCT116 cell line with endogenous wild-type functional PTEN was 

used, so that, when mutant constructs were transfected, it would mimic the in vivo 

human situation. By expressing these mutations in the HCT116 colon cancer cell line 

the functional lipid phosphatase activity of WT PTEN and mutant PTEN could be 

determined.

Initially, small-scale transient transfection experiments were carried out using HCT116 

cells. This experiment was optimised using wild-type PTEN, control mutant C124S, and 

vector only transfected cells and untransfected HCT116 cells. To determine whether 

PTEN affected the downstream signalling of PI3K, I analysed the phosphorylation 

status of Akt, one of the well-characterised downstream targets of PI3K, in wild-type 

and mutant overexpressing cells with Western blot analysis, using an antibody specific 

to phospho-Ser-473. In the HCT116-WT PTEN cells, a substantial reduction in the 

amount of phosphorylated Akt was apparent, in contrast to that observed in the 

HCT116/PTEN-C124S cells (Figure 4.3). The levels of total Akt remained unchanged, 

revealed by Western blot analysis using an antibody recognising both phosphorylated 

and unphosphorylated forms; therefore, the decreased signal in phosphorylated Akt was 

attributable to phosphorylation.
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Figure 4.3 Optimisation of Akt phosphorylation status (Ser-473) by western analysis in HCT116 
cells expressing WT or control mutant PTEN. Initially, cellular lysates from U87MG cells expressed 
with wild-type P PEN (WT), or control mutant PTEN protein. Protein was isolated and run on PAGE gel 
(section 2.13.2.1). The membrane was blotted with anti-phosphoAkt (Ser473, top panel) and reprobed 
with anti-Akt (Pan total Akt) (second pane!) (section 2.13.7). The membrane for an equal loading control 
was reprobed with (Tact in antibody (third panel). The results shown are one experiment representative of 
similar experiments carried out on two biological replicate.
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4.4 Western analysis of HCT116 cells expressing WT and mutant PTEN to 

determine Akt phosphorylation status

To confirm the suppression of endogenous phosphorylated Akt, WT PTEN and mutant 

PTEN (K62R, Y65C, K125E, K125X, E150Q, D153N, D153Y, 319X, N323K, V217A, 

C124S, G129E, AS PTEN) and vector only were transiently expressed in HCT116 cells. 

These were compared with WT and untransfected EICT116 cells. The proteins were 

isolated from HCT116 cells transiently overexpressing WT or mutated forms of PTEN 

(section 2.13.2.1). As with the U87MG cells above, cell lysates were tested for their 

ability to suppress Akt (see also section 2.13.7) and p Akt (section 4.3).

The transient overexpression of wild-type PTEN substantially suppressed the level of 

pAkt in E1CT116 cells; this was not observed in cells expressing control PTEN mutants 

C124S and G129E, both of which lack lipid phosphatase activity (Figure 4.4A). The 

reduction in the Akt phosphorylation signal seen in HCT116 cells expressing wild-type 

PTEN was not attributable to a decrease in Akt protein levels, revealed by reprobing the 

membrane with an antibody recognising unphosphorylated forms of Akt (Figure 4.4A). 

The band of approximately 62 kDa was detected using both phospho-Akt and Pan total 

Akt antibodies (Figure 4.4A).
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Figure 4.4 Akt phosphorylation status (Ser-473) by western analysis in HCT116 cells expressing 
WT or mutant PTEN. (A) Western analysis in HCT116 cells expressing WT or mutant PTEN. (B) Akt 
western blotting and quantification in HCT116 cells with WT PTEN and mutant PTEN. (A) Cellular 
lysates from HCT116celIs expressed with wild-type PTEN (WT), or mutant PTEN. Protein was isolated 
and run on PAGE gel (section 2.13.2.1). The membrane was blotted with anti-phosphoAkt (Ser473, top 
panel) and reprobed with anti-Akt (Pan total Akt) {secondpanel) (section 2.13.7). The membrane for an 
equal loading control was reprobed with P-actin antibody {thirdpanel).
The immunoblotting was done with phospho-Akt, and total Akt, and visualised by enhanced 
chemiluminescence (section 2.13.7.1). (B) The phospho-Akt/total Akt ratio was calculated and 
determined by densitometry and (normalised to 1 in controls). The pAkt/Akt ratio was normalised 
individually against p- actin bands for gel loading differences (section 2.13.10). This data represents the 
averaged densitometric ratios for two biological replicates in this expertiment in HCT116 cells.
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Expression of wild-type PTEN suppressed the level of endogenous Akt phosphorylation 

by 70% (Figure 4.2B). The expression of PTEN G129E, which lacks lipid phosphatase 

but retains protein phosphatase activity, and phosphatase dead PTEN C124S control 

mutant did show activity similar to that of the untransfected HCT116 cells. The PTEN 

C124S mutant lacks both protein and lipid phosphatase activity [Myers et ah, 1998; 

Tamura et ah, 1998], while PTEN G129E lacks lipid phosphatase activity [Myers et ah, 

1998], However, in this assay, expression of the PTEN mutants K62R, E150Q and 

N323K, also suppressed the level of endogenous phosphorylated Akt in HCT116 cells 

comparable to WT. The observed level of suppression of Akt phosphorylation was 

comparable to the WT PTEN. The mutants Y65C, D153Y and V217A behaved like 

partial loss of function mutants. They could only suppress the endogenous 

phosphorylated Akt in HCT116 cells with half the activity compared to WT. This 

indicates a partial alteration of function of these mutations in the HCT116 cell line.

The transient expression of mutant constructs showed that four PTEN mutants, K125E, 

K125X, D153N, and 319X, were able to suppress endogenous levels of phosphorylated 

Akt in HCT116 cells. The levels of pAkt present were similar to that seen in the 

untransfected parental HCT116 cells. However, the PTEN mutants K125E, K125X, 

D153N, and 319X appeared to be totally inactive and were unable to suppress 

endogenous phosphorylated Akt (Figure 4.2A, B). I his was also similar to what was 

observed with phosphatase deficient mutants (Figure 4.2A, B).

For the PTEN mutants K62R, E150Q and N323K (Figure 4.2A, B), the levels of 

phosphorylated Akt were low and similar to WT PTEN, which indicates the PTEN 

protein produced has functional lipid phosphatase activity. In contrast, the levels of 

phosphorylated Akt in the K125E, K125X, D153N, and 319X mutants were similar to 

untransfected U87MG cells (Figure 4.2A, B). These data indicate the PTEN protein 

produced has nonfunctional lipid phosphatase activity. In three of the PTEN mutants, 

Y65C, D153Y and V217A, the levels of phosphorylated Akt were intermediate (neither 

like WT nor like phosphatase deficient mutants). These results indicate the mutants 

Y65C, D153Y and V217A were/are partial loss of function mutants.

It must be pointed out here that this was a preliminary experiment for phosphoAkt 

suppression analysis for the PTEN mutants K62R, Y65C, K125E, K125X, E150Q,
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D153N, D153Y, V217A, 319X and N323K in HCT116 cells. This experiment was 

repeated on four occasions. The data could only be analysed from two experiments. For 

the remaining two experiments western blotting was performed but data was not 

analysed because of contamination of secondary antibody reagent. Some mutants 

displayed variability with the P-actin loading control as well (Figure 4.4A). For the 

purpose of reproducibility and variability, this experiment would need to be repeated to 

reconfirm the data. A non-specific background was also observed in the blots. This 

could be due to the PVDF membrane and skim milk powder used for western blotting 

tending to give a high background (http://www.abcam.com). Because of time 

constraints it was not possible to repeat the experiment.
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4.5 Comparison of WT PTEN and mutant PTEN in U87MG and HCT116 cells

In the U87MG glioblastoma cell line, the PTEN mutants Y65C, K125E, K125X, 

D153N, and 319 X were unable to bring about reduction of endogenous p-Akt levels 

compared to WT PTEN. In the HCT116 cell line the PTEN mutants Y65C, K125E, 

K125X, D153N, D153Y V217A and 319 X were unable to bring about reduction of 

endogenous p-Akt levels compared to WT (Figures 4.2A, B; 4.4A, B).

The mutants K62R, D153Y, E150Q, N323K, and V217A also suppressed the levels of 

endogenous phosphorylated Akt in U87MG cells comparable to WT. Only the mutants 

K62R, E150Q and N323K suppressed the levels of endogenous phosphorylated Akt in 

HCT116 cells comparable to WT. The remaining mutants D153Y and V217A did not 

behave like WT in HCT116 cells. These mutants behaved like partial loss of function 

mutants in HCT116 cells. They had half the activity of WT, which indicates partial 

alteration in function. The mutant Y65C behaved like a partial loss of function mutant 

in both U87MG and HCT116 cells.

The PTEN mutants K125E, K125X, D153N, 319X appeared to be totally inactive and 

were unable to suppress endogenous phosphorylated Akt; this is similar to phosphatase 

deficient mutants and untransfected cells (Figure 4.5). This phenomenon was similar in 

both U87MG and HCT116 cells.

The comparison of the two cell lines revealed that these somatic mutations have an 

alteration of function in suppression of endogenous p-Akt assay in both HCT116 and 

U87MG cells lines (Figure 4.5). The alteration of function in suppression of 

endogenous p-Akt assay in PTEN null cell line and PTEN expressing cell line needs 

further exploration with future direction biochemical assays like cell migration, 

phosphorylation , ubiquitination and acetylation for the purpose of understanding why 

there are differences between the cell lines. The transfection efficiency was similar in 

both U87MG and HCT116 cell lines.

109



A
Phosphatase 
active site

PDZ
Binding motif

Ko2R Y(

1 J i
E150Q D153Y

i 1
Y21"A

1
N323K

1 i
3’-phosphatase

domain C2

E1:123

C124S G12°E

125X

187

403 aa

350
3 IPX

D153N

B
PhospKatase 
active site

PDZ
Binding mo::f

403 aa

Figure 4.5 Diagrammatic representation of the PTEN mutants and their protein location and effect.
The endogenous suppression of p-Akt by WT and mutant PTEN in (A) U87MG and (B) HCT116 cells. 
The bar represents the PTEN protein N- and C- terminal domains. Mutants above the bar: those that 
suppressed endogenous p-Akt like WT PTEN (green) ; those that were intermediate (neither like WT nor 
like phosphatase deficient mutants) in P-Akt suppression capacity compared to WT PTEN (orange). 
Mutants below the bar (red) represent mutants that behaved like phosphatase deficient mutants and did 
not bring about the level of suppression of endogenous phosphorylated Akt.
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4.6 Discussion

The proto-oncogene Akt, a target of PI3 kinase activation, has a central role in a 

signalling pathway, of which many components have been linked to metabolism, 

protein synthesis, cell proliferation, survival, and transcriptional regulation. It is 

overexpressed as well as activated in numerous human cancers [Hill and Hemmings, 

2002; Tsatsanis and Spandidos, 2000], Conversely, cell lines that lack PTEN have 

increased levels of PIP3 and Akt activity [Wu et ah, 1998] [Dahia et ah, 1999], Aberrant 

activation of the PI3K pathway is oncogenic and plays a critical role in a variety of 

cancers. In contrast, PTEN dephosphorylates and inactivates the lipid second messenger 

phosphorylated by PI3K, so acting as a tumour suppressor [Samuels and Ericson, 2006], 

Disruption of PTEN activity results in increased growth signals and promotion of 

tumour formation [Di Cristofano et ah, 1998; Podsypanina et ah, 1999], Numerous in 

vitro studies have demonstrated the important role of PI3K in colorectal neoplasia [Shao 

et ah, 2007],

Although PTEN is capable of dephosphorylating both phosphotyrosine and 

phosphothreonine [Myers et ah, 1997], its primary substrates are the 3- 

phosphoinositides, P1P2 and P1P3 [Caffrey et ah, 2001 1941; Myers et ah, 1998]. Akt is 

activated by a dual regulatory mechanism that requires both translocation to the plasma 

membrane and phosphorylation at Thr308 in the activation loop of kinase and Ser 473 

at the C-terminus [Downward, 1998; Hemmings, 1997], Binding of the pleckstrin 

homology domain (PH) of Akt to phosphatidylinositol 3,4,5, triphosphate (PIP3) on the 

inner leaflet of the plasma membrane releases the autoinhibitory function of this 

domain, allowing phosphoinositide-dependent kinase 1(PDK1) to phosphorylate Akt on 

Ser 473 [Stokoe et ah, 1997 2063] [Stephens et ah, 1998]. Therefore, PTEN antagonizes 

the PI3K activity by dephosphorylating PIP3 and thereby negatively regulating Akt. 

Thus, Akt activity is positively regulated by PI3K, which phosphorylates 

phosphatidylinositol-4, 5-bisphosphate (PIP?) to produce PIP3 [Franke et ah, 1997].

The tumour cell lines with mutant PTEN retained elevated levels of PtdIns(3,4,5)P3 and 

Akt activity, and the introduction of wild-type PTEN reduced the levels of both [Haas- 

Kogan et ah, 1998; Stambolic et ah, 1998]. Furthermore, analysis of the PTEN crystal 

structure indicated the phosphatase active site of PTEN is larger than that of the PTPs 

and the COOH-terminal portion has a structure similar to the C2 domain, actually 

binding to phospholipid membranes in vitro [Lee et ah, 1999], To really understand the
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tumour-suppressor function of PTEN, it would be beneficial to analyse the effect of the 

missense mutations on currently known functional properties of PTEN. Ultimately all of 

the functions of PTEN need to be clarified.

The results indicate mutations found in sporadic colorectal cancer alter suppression of 

endogenous phosphorylated Akt in both U87MG and HCT116 cells.

The mutation D153Y is found on the phosphatase domain of PTEN and the V217A 

mutation in the C-terminal domain. Both of these mutations were found in the same 

tumour [Nassif et al., 2004] and had a single PTEN allele affected with reduced PTEN 

expression. One possible explanation for this could be that a monallelic mutation of 

PTEN led to either reduced or absent expression. It is possible that the remaining allele 

harbours a mutation occurring in a region of the gene not analysed in the study, or that 

an epigenetic factor may be acting on the remaining allele. Interestingly, hemizygous 

PTEN knockout mouse models have demonstrated that loss of a single PTEN allele is 

sufficient for tumourigenesis [Di Cristofano et ah, 1999; Di Cristofano et ah, 1998; 

Podsypanina et ah, 1999; Stambolic et ah, 1998],

The mutation D153Y is found in the phosphatase domain and is the target of missense 

mutations. Most striking is the observation that the phosphatase core motif, which 

constitutes less than 3% of the gene, is the site of about 31% and 23% of point mutations 

reported so far in germline and sporadic tumours, respectively [Ali et ah, 1999], 

Furthermore, biochemical analyses from previous studies have shown most missense 

mutations found in the phosphatase domain dramatically decrease or inactivate 

phosphatase activity [Han et ah, 2000; Maehama, 2007; Myers et ah, 1997], Thus, the 

simultaneous presence of mutations D153Y and V217A in two important domains is 

likely to reduce or inactivate the phosphatase function of the PTEN protein. This could 

be one of the reasons for their behaviour as partial loss of function mutants in this assay. 

These mutations were tested individually in this assay.

The mutation V217A is a missense mutation found on the C-terminal domain. The 

report/research of Georgescu[Georgescu et ah, 1999] et al. (1999) indicated missense 

mutations in the C-terminal region inactivate the tumour-suppressor function of PTEN
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by affecting its intrinsic phosphatase activity, most likely as a result of conformational 

changes. This effect is reflected also by the persistence of PKB/Akt activation in cells 

expressing these mutants [Georgescu et al., 1999], This region is also essential for the 

tumour-suppressor function, and partial or total absence of phosphatase activity has 

been demonstrated to result from amino acid changes outside the phosphatase domain 

[Georgescu et ah, 1999; Han et ah, 2000]. That is why this mutant probably behaved 

like a partial loss of function mutant.

The fact the mutant Y65C gives an intermediate phenotype suggests this mutant may 

have partial activity or altered function. The partial loss of function of mutant Y65C in 

both U87MG and HCT116 cells could be because the phosphatase domain where this 

mutant was found is hydrophobic and frequently mutated. The Y68H point mutation 

was isolated in glioblastoma and breast cancer cells [Chiariello et ah, 1998; Rhei et ah,

1997], Georgescu et al. (2000) [Georgescu et ah, 2000] reported that mutations within 

the C2 domain decrease protein stability. They also investigated whether a similar effect 

is induced by mutations predicted to disrupt the core of the phosphatase domain. The 

Y68 residue belongs to a P strand that is part of the phosphatase domain hydrophobic 

core and is frequently mutated in cancer to histidine [Chiariello et ah, 1998] or cysteine 

[Rhei et ah, 1997], The Y68H mutation reduced PTEN stability in a similar way to C2 

domain core mutations and decreased the tumour-suppressor activity of PTEN, 

indicating misfolding of both domains has a destabilizing effect on the entire protein 

[Georgescu et ah, 2000], It is likely that the Y65C mutation behaved in a similar 

manner to the Y68H mutation.

The K125X and K125E mutations were found in the phosphatase domain [Nassif et ah, 

2004], which is the site of missense K125E mutations and one K125X nonsense 

mutation that lie within the core phosphatase motif of PTEN are predicted to alter at 

least the lipid phosphatase activity essential for the PTEN tumour-suppressor function 

[Han et ah, 2000; Lee et ah, 1999], Interestingly, codon 125, an invariant lysine residue, 

appears to be a target with two distinct mutations occurring at this site. Molecular 

modelling of the PTEN structure with the PIP3 soluble head group analog inositol 

1,3,4,5-tetrakisphosphate indicates Lys 125 and Lysl28/His93 are positioned to 

coordinate the DI and D5 phosphate groups of the inositol ring, respectively, via 

charge-charge interactions [Lee et ah, 1999], The PTEN mutants in which Lys 125 and
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Lys 128 have been substituted with Met display a substantial decrease in lipid 

phosphatase activity, which further supports the concept that charge interactions are 

critical determinants for PTEN specificity toward PIP3 [Lee et al., 1999], The possible 

mechanism reported for this is that modification of lysine residues within the catalytic 

pocket may interfere with substrate binding [Okumura et al., 2006].

However, the K125 site is located in the flexible catalytic domain P-loop structure of 

PTEN [Lee et al., 1999], which suggests the addition of small acetyl groups would not 

physically impede interaction with substrate. Alternatively, acetylation of these lysine 

residues might cause the loss of a positive charge in the catalytic cleft known to be 

required for selectivity of the negatively charged PI(3,4,5)P3 substrate, as well as its 

orientation within the cleft [Lee et al., 1999]. This could be the reason why both K125E 

and K125X behave like lipid phosphatase inactive mutants.

The PTEN mutation D153N occurs in the phosphatase domain [Nassif et al., 2004], 

PTEN may be inactivated by epigenetic mechanisms alone, suggesting biallelic 

epigenetic silencing may also be a mechanism of PTEN inactivation in sporadic CRC 

[Zhou et al., 2000a]. Biallelic epigenetic silencing is the predominant mechanism of 

PTEN inactivation in metastatic melanoma [Zhou et al., 2000a] and occurs in a small 

subset of epithelial ovarian carcinomas [Salvesen et al., 2001; Zhou et al., 2000a], Most 

missense mutations associated with human tumours and Cowden syndromes have been 

found in the phosphatase domain [Ali et al., 1999; Maehama et al., 2001], Biochemical 

analyses have confirmed most of them result in a decrease in phosphatase activity 

[Fumari et al., 1998; Han et al., 2000; Koul et al., 2002; Maehama and Dixon, 1998; 

Myers et al., 1998; Myers et al., 1997], In this study most of the mutations within the 

phosphatase domain inactivated phosphatase activity. Specific biochemical analyses 

from previous studies have shown that most missense mutations found in the 

phosphatase domain dramatically decrease or inactivate phosphatase activity [Han et al., 

2000; Maehama, 2007; Myers et al., 1997], This could be the reason the D153N 

mutation behaved like a lipid phosphatase inactive mutant.

The PTEN mutant 319X is a truncated mutant found in the C-terminal C2 domain 

[Nassif et al., 2004], The deletion of 4 bp changes codon 319 to a termination codon,
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leading to a truncated PTEN protein lacking the predicted phosphorylation sites 

(specific tyrosine and/or serine residues) and the C-terminal C2 domain that is 

important for phospholipid binding [Lee et al., 1999; Miller et al., 2002]. The nonsense 

and frameshift mutations found near the C2 domain-C-tail junction (from Thr-319 to 

Arg-335), employ a relatively complicated mechanism for PTEN inactivation. These 

mutants retain the intact phosphatase domain and most of the C2 domain, implying 

these truncated forms of PTEN would be biochemically active. However, when 

expressed in cells, these truncated PTEN proteins completely lose their ability to 

suppress PI3K/PIP3 signals, presumably due to the lack of functional modules 

downstream of the C2 domain - the C-tail and the PDZ-binding motif [Georgescu et al., 

1999; Georgescu et al., 2000; Koul et al., 2002; Tolkacheva and Chan, 2000], The 

reason (or hypothesis) could be that the 319X mutation could not suppress the 

endogenous phosphorylated Akt in both U87MG and HCT116 cells; I have not done 

any work on the functional module downstream of the C2 domain. Because loss of 

PTEN function is a common molecular abnormality in human cancer, defining its 

mechanism of growth suppression is of critical importance. The preliminary functional 

evidence presented here from expression studies and from analysis of these ten novel 

mutations indicates PTEN functions to inhibit the PI3-kinase Akt pathway, presumably 

through dephosphorylation of the PI3-kinase substrate PtdIns(3,4,5)P3.

Therapeutic strategies that target the PI3K-Akt pathway may be particularly effective in 

cancers lacking PTEN function because some of these mutant tumours show higher 

levels of pathway activation.

In chapter 4 the effect of PTEN mutation on Akt phosphorylation was analysed. In next 

chapter 5 this research is extended to determine the effect of PTEN mutation on cell 

cycle arrest and distribution.
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Chapter 5

5.1 Determination of the effect of PTEN mutation on cell cycle phase distribution

5.1.1 Cell cycle analysis of U87MG, HCT116 and MCF-7 cell lines transfected with 

PTEN
Expression of PTEN in PTEN null cell lines is known to bring about cell cycle arrest in 

a number of different cell lines, as observed in U87MG glioblastoma and MCF-7 breast 

cancer cells [Cheney et al., 1998; Davies et al., 1998; Fumari et al., 1997; Fumaret al., 

1998; Fi et al.,, 1998; Myers et al., 1998; Ramaswamy et al., 1999; Robertson et al.,

1998]. The Wild-type PTEN brings about cell cycle inhibition and is well established in 

the U87MG cell line [Persad et al., 2000; Sun et al., 1999], Transient ectopic expression 

of WT PTEN in glioma cell lines resulted in Gi cell cycle arrest [Fumari et al., 1997], 

whereas transient expression in breast cancer lines resulted in apoptosis [Fi et al.,

1998] ). Stable transfection of PTEN into the MCF-7 breast cancer line has been shown 

to result in early Gi arrest followed by both cell cycle arrest and apoptosis [Weng et al.,

1999] , This raised the possibility that the tumour-suppressive effect of PTEN is 

dependent on other signalling pathways that are regulated in a tissue-specific manner. 

However, studies have revealed PTEN induction of cell cycle arrest and apoptosis are 

not necessarily mutually exclusive in a single cell type: overexpression of PTEN can 

lead to both cell death and cell cycle arrest in the same cell line derived from MCF-7 

breast cancer cell line[Fu et al., 1999; Weng et al., 1999], glioma [Davies et al., 1998] 

and prostate cancer [Davies et al., 1999], The functional assay used in the above reports 

is well characterised in U87MG and MCF-7 cell lines. This same functional assay for 

cell cycle inhibition was tested to characterise the WT and mutant PTEN and the results 

of this are reported in this chapter. The ability of U87MG PTEN null cells to proliferate 

and their higher growth rate raised the possibility that deletion of the PTEN gene may 

affect cell cycle progression. Previous reports have indicated transient expression of the 

PTEN gene in a human glioblastoma cell line caused GI cell cycle arrest, suggesting 

PTEN may play a role in the GI to S transition [Fi and Sun, 1998]. These observations 

prompted the examination of whether U87MG cells expressing WT and mutant PTEN 

have an accelerated cell cycle progression from GI into the S phase.

The WT and mutant PTEN were tested for their ability to induce cell cycle arrest in 

PTEN null U87MG cells and in the colon cancer cell line HCT116, which expresses
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endogenous PTEN. The HCT116 colon cancer cell line was used because the mutations 

were first detected in primary sporadic colorectal cancer. MCF-7 is a breast cancer cell 

line and expresses endogenous PTEN; the cell line was used because the effects of WT 

PTEN on cell cycle events are well characterised in this cell line.

Initially, pilot experiments were conducted to optimise the assay using U87MG, MCF-7 

and HCT116 cell lines. These three cell lines were transiently expressed with wild-type 

vector or C124S phosphatase deficient control mutant PTEN constructs. Cell cycle 

phase distribution was measured at 24, 48 and 72 hours after transfection. A protocol 

was developed for the double detection of Propidium Iodide (PI) and Lumio by flow 

cytometry, based on the in-cell staining protocol that had been optimised for reduction 

of background staining (section 2.11).

The cell cycle inhibition effect after transient PTEN-expression in U87MG 

glioblastoma cells, HCT116 colon cancer cells, and MCF-7 breast cancer cells was 

examined initially for the molecular mechanisms by which PTEN mediates cell cycle 

arrest.
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5.2 Pilot experiment on cell cycle phase distribution

5.2.1 Detecting cell cycle arrest in U87MG, HCT116 and MCF-7 cells

To investigate whether deletion of the PTEN gene confers any growth advantage, the 

wild-type PTEN and mutant PTEN constructs were expressed in the U87MG cells. 

Their respective effects on cell cycle phase distribution were analysed.

The effect of PTEN expression on cell cycle progression was determined in U87MG, 

HCT116 and MCF-7 cells. These three cell types were transiently transfected with WT 

PTEN, the catalytically-inactive PTEN C124S mutant, and vector alone. The precise 

time point at which PTEN exerted its effect on cell cycle distribution was determined, 

based on a time course of cell cycle phase distribution measured 24, 48 and 72 hours 

after transfection. The WT PTEN expression in U87MG cells resulted in an increase in 

S phase distribution at 24-72 hours (Figure 5.1). Similarly, HCT116 and MCF-7 cells 

were then transiently transfected with the same constructs and cell cycle phase 

distribution was measured at 24, 48 and 72 hours after transfection (Figure 5.1). The 

data presented in (Figure 5.1) is calculated using Modfit software after removing the 

empty vector effect. The U87MG, MCF-7 and HCT116 cells transfected with WT 

PTEN resulted in similar levels of PTEN expression as shown at 48h. Expression of WT 

PTEN resulted in cell cycle arrest in all three cell lines between 24-72 hours (Figure 

5.1). The cell cycle inhibition was observed at 24h and had reached its full (or maximal) 

effect by 48h, as the 72h data were identical to the 48 hour time point. The optimal post

transfection analysis was found to be 40 hours and this was subsequently used for all 

post-transfection functional analyses. The data for all three lines were analysed using 

MODFIT software (Figure 5.2). Even though the histogram peak for MCF-7 and 

HCT116 (Figure 5.2) cell lines were looking similar for vector and WT PTEN, this 

difference was more pronounced after removing the vector effect for both these cell 

lines. The three cell lines, U87MG, MCF-7 and HCT116, had the same gating and 

compensation parameters (Figure 5.3), indicating similar expression in all three cell 

lines. This was a preliminary optimisation experiment with the Fumio gateway vector 

system and was done once in two replicates for all three cell lines.
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Figure 5.1 Post-transfection cell cycle analysis by flow cytometry. These dot plots are representative 
of U87MG, MCF-7and HCT116 cells transfected with WT PTEN and harvested for analysis post
transfection. Cells were stained with Lumio (green) and Propidium Iodide (PI) (red). The Pi-stained cell 
population can be seen in the upper left quadrant. Cells stained with PI and Lumio are in the upper right 
quadrant. Unstained cell populations indicate a viable cell population (lower left quadrant), the cells 
stained with Lumio positive and Pi-negative (lower right quadrant).
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U87MG cells transfected with vector U87MG cells transfected with WT PTEN

MCF-7 cells transfected with vector MCF-7 cells transfected with WT PTEN

HCT116 cells transfected with vector HCT116 cells transfected with WT PTEN

Figure 5.2 Cell cycle analysis of the three cell lines U87MG, HCT116 and MCF-7 transfected with 
vector(a, c, e) and WT-PEN (b, d, f) respectively. Representative peak profiles for the three different 
cell lines U87MG, HCT 116 and MCF-7 are shown. The distribution of cells in distinct phases of the cell 
cycle was determined using ModFIT software.
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Figure 5.3 Optimisation of flow cytometry gating and compensation parameters. Representative 
flow histograms: (A) U87MG cells transfected with wild-type PTEN. (B) HCT1 16 cells transfected with 
wild-type PTEN. (C) MCF-7cells transfected with wild-type PTEN. The X - axis represents filter FL1-H 
at green fluorescence. The Y- axis represents the cell count.

121



The effect on cell cycle distribution was noticeable at 24h then became more 

pronounced at 48h and remained the same at 72h (Figure 5.4, Table A5.1 in appendix 

page 196). The maximum cell cycle phase distribution for PTEN was observed between 

24-48 hours after transfection and the cell cycle phase distribution indicated an S phase 

inhibition. The best time for post-transfection analysis was between 24-48 hours 

(Figure 5.4, Table A5.1 in appendix page 196). The post-transfection 40 hour time point 

was chosen for further experiments for both the wild-type and mutant PTEN. Though 

the S phase inhibition observed in data is higher but is similar to what is reported in the 

literature. Expression of wild-type PTEN increased the proportion of cells in S-phase 

with a concomitant decrease in the number of cells in G0-G1, consistent with its role in 

cell cycle progression[Li and Sun, 1998}.

Prior to this work Lumio staining was only available for in-cell detection of Lumio- 

tagged proteins. As a part of the project, this system was adapted for flow cytometry 

and cell cycle analysis. Examination of the Lumio constructs showed a cell cycle 

inhibition by the wild-type PTEN that was not seen with the C124S phosphatase 

deficient mutant. To confirm this finding, the experiment was repeated using different 

constructs and a vector system that required dual transfection. In this case the PTEN 

constructs were cloned into the FLAG vector in which PTEN was expressed with a 

FLAG tag. Cells were transiently co-transfected with the PTEN construct (wild-type or 

C124S mutant with FLAG tag) and EGFP spectrin plasmid. The EGFP-transfected cells 

provided the green fluorescence for flow cytometry analysis. These experiments 

confirmed the cell cycle arrest produced by WT PTEN, which was at a similar level to 

Lumio-tagged proteins. Flow data from the Lumio system matched the FLAG EGFP 

vector system perfectly. This experiment also confirmed a similar inhibition level over 

the same time scale as observed with the Lumio gateway vector system. This optimised 

protocol was used for the further experiments (section 2.10.1).
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Figure 5.4 S-phase distribution of (A) U87MG (B) MCF-7 (C) HCT116 cells 24 and 48 hours post
transfection. The three different cell lines were transiently transfected with WT PTEN and mutant 
C124S. The bar represents the S phase distribution of WT and the C124S transfected cells carried out in 
duplicate. Cells were analysed 24 and 48h after transfection 24h lll48h H
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5.3 Effect of PTEN on cell cycle phase distribution of U87MG cells

Having verified the time point for post-transfection analysis of cell cycle phase 

distribution, U87MG cells were transiently transfected with wild-type or mutant Lumio- 

tagged PTEN constructs (K62R, Y65C, K125X, K125E, D153N, D153Y, E150Q, 

V217A, 319X, N323K, C124S and G129E). The controls were untransfected cells, 

mock transfected cells (water replacing DNA), and antisense PTEN and the vector only 

transfected cells (section 2.9.3). Forty hours after transfection, cells were collected, 

fixed, treated with the Lumio reagent and stained with Propidium Iodide (section 2.11). 

The cells were then analysed by flow cytometery gating on red and green fluorescence. 

The cell cycle phase distribution was captured using the Cell Quest software. The cell 

cycle distribution was analysed by flow cytometry to determine whether the WT PTEN- 

or mutant TT£7V-mediated growth suppression in U87MG cells was attributable to cell 

cycle arrest (Figure 5.5). The percentage of cell cycle distribution in GI, G2 and S 

phase in U87MG cells is was calculated from raw data using Modfit software. (Figure 

5.5).Transient expression of PTEN resulted in an increase in the numbers and proportion 

of cells in the S phases distribution (section 2.11) (Figure 5.5).

No significant changes in cell cycle distribution were observed in the C124S and 

G129E mutants. Similarly, cell cycle distribution trends observed with phosphatase 

deficient mutants suggest phosphatase activity was required for P77TV-mediated arrest. 

The results for cell cycle distribution also indicate that in U87MG cell lines expressing 

WT PTEN or mutant PTEN there was an increase in S phase distribution (section 2.11) 

(Figure 5.5); there was a modest change in the proportion of cells in the GI phase and 

no effect on the G2 phase. This suggests U87MG cells expressing WT PTEN and 

mutant PTEN have an altered rate of cell cycle distribution in the S phase, indicating S 

phase inhibition. To confirm the results of cell cycle phase distribution in U87MG cells, 

S phase inhibition was calculated.
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Figure 5.5 Cell cycle phase distribution with WT PTE1\ and mutant PTEI\ in U87MG cells. All cells 
were analysed for cell cycle distribution by flow cytometry 40h post-transfection. Cell cycle phase 
distribution was determined using MODF1T software. These data are representative of two biological 
replicates in each experiment and the average of duplicate experiments after removing the vector 
effect(section 2.1 I). The error bar indicates the standard error. G1 phase^B S phasejH G2 phase I 1

125



5.3.1 U87MG cells S phase inhibition

The results for cell cycle phase distribution in U87MG cells indicated an S phase 

inhibition with WT and mutant PTEN. The S phase inhibition was calculated by 

formula (section 2.11) for WT and mutant PTEN (Table 5.2 in appendix page 197). 

Each of the PTEN mutants was then compared against WT for S phase inhibition. The 

expression of WT PTEN in U87MG cells led to cell cycle inhibition. An S phase 

inhibition of 37% was observed for U87MG cells transiently transfected with WT 

PTEN. Both the C124S and G129E phosphatase deficient mutants did not bring about 

this level of inhibition. These control mutants only brought about a quarter of the 

inhibition observed with WT PTEN at 12% inhibition (Table A5.2 in appendix page 

197; Figure 5.6). The control PTEN mutants like C124S, G129E or AS suppressed the S 

phase compartment as well as WT PTEN. The U87MG cells transiently transfected with 

the point mutants (K62R, E150Q, D153Y, V217A and N323K) behaved like wild-type 

PTEN with comparable S phase inhibitory capacity ranging from 29-35%. With an 

inhibitory capacity of 21%, the Y65C mutant did not behave like WT PTEN, nor like 

the phosphatase deficient control mutants. The Y65C mutant cell cycle inhibitory 

capacity was half to a quarter of the WT PTEN. The partial loss of cell cycle inhibition 

of Y65C mutants also indicates a loss of function mutant The PTEN mutants D153N, 

K125E, K125X and 319X did behave like the phosphatase deficient control mutants 

with a 6-12% S phase inhibition. This is less than a quarter of the cell cycle inhibitory 

capacity of the WT PTEN (Figure 5.6). The two truncated mutants K125X and 319X 

had the least cell cycle inhibitory capacity at 6%, which is approximately one-eighth the 

capacity of WT PTEN.

Expression of wild-type PTEN increased the proportion of cells in S-phase with a 

concomitant decrease in the number of cells in G0-G1, consistent with its role in cell 

cycle progression [Li and Sun, 1998].

Each mutant did bring about a level of cell cycle arrest that was much less than that 

observed with the wild-type PTEN, indicating deficiency in function brought about by 

the presence of the respective mutation.
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The statistical analysis done by general linear model ANOVA model for U87MG cells 

expressing with different mutant PTEN indicated that control mutants had significantly 

different %S phase inhibition results compared to WT PTEN (Table A5.4, A5.5 in 

appendix page number 199,200).
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Figure 5.6 Cell cycle inhibitory effects of the WT PTEN and each of the different PTEN mutants in 
U87MG cells. The cell cycle inhibitory activity of wild-type or PTEN mutants was determined by flow 
cytometry analysis of Lumio-treated and Propidium Iodide stained cells. The S phase inhibition has been 
calculated using the formula in section 2.11. The error bar indicates standard error.
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5.4 Effect of PTEN on cell cycle phase distribution of HCT116 cells

The effects of the wild-type PTEN and the PTEN mutants on cell cycle phase 

distribution of U87MG cells were determined in the previous section (section 5.3.1). 

The HCT116 cells were used to determine the effects exerted by wild-type PTEN in this 

PTEN-expressing colon cancer cell line, as the ten novel mutations had been detected in 

primary sporadic colorectal cancer[Nassif et ah, 2004], It was important to determine 

whether the mutants would exert similar effects in colon cancer cells, as this would have 

an implication for colonic tumourigenesis.

The lack of growth in PTEN transfected cells may result from cell cycle effects, cell 

death, or a combination of the two processes. The cell cycle distribution of cells 

transfected with wild-type or mutant PTEN, or a vector control, was determined by 

FACS analysis of Lumio and Propidium Iodide stained cells, a measure ol DNA 

content. To observe the effect of the WT and mutant PTEN on HCT116 cells, the cells 

were transiently transfected with WT PTEN or mutant PTEN constructs (K62R, Y65C, 

K125X, K125E, D153N, D153Y, E150Q, V217A, 319X, N323K, C124S, G129E) 

(section 2.9.1). Forty hours after transfection, cells were collected, fixed, treated with 

Lumio reagent and analysed by flow cytometry (section 2.11). A comparison of G1 G2, 

and S cell cycle phases with WT PTEN and mutant PTEN expressing cells under these 

conditions did show an appreciable cell cycle block.

The transient expression of PTEN resulted in an increase in the numbers of HCT116 

cells in the S phase, which was similar to the U87MG cells (section 2.11) (Figure 5.7). 

Similarly, in the PTEN mutants, the cell cycle distribution resulted in an increase in the 

cell numbers in the S phase. The data is representative of two replicates in each 

experiment and the average of two duplicate experiments after removing the vector 

effect (Figure 5.7).No significant changes in cell cycle distribution were observed in 

C124S and G129E phosphatase deficient mutants. Similarly, cell cycle distribution 

trends observed with phosphatase deficient mutants suggest phosphatase activity was 

required for PTEN-mediated arrest. The results for cell cycle distribution also suggest 

that in HCT116 cell lines, expressing WT PTEN or mutant PTEN would result in an S 

phase inhibition.
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The data suggest that HCT116 cells expressing WT PTEN and mutant PTEN had an 

increase in the distribution of cells in the S phase. The results for cell cycle phase 

distribution in HCT116 cells indicate S phase inhibition. There was a modest change in 

the number of cells in the G1 phase and G2 phase (Figure 5.7).
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Figure 5.7 Cell cycle phase distribution of WT and mutant PTEI\ expressing HCT116 cells. All cells 
were analysed for cell cycle distribution by flow cytometry 40h post-transfection. Cell cycle phase 
distribution was determined using MODFIT software. These data are representative of two replicates in 
each experiment and the average of two duplicate experiments after removing the vector effect(section 
2.1 1). The error bar indicates the standard error in G1 phase S phase f§§| G2 phase \^\
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5.5 S phase inhibition in HCT116 cells

The results for cell cycle phase distribution in HCT116 cells confirmed the increase in S 

phase distribution of cells expressing WT and mutant PTEN. The S phase inhibition was 

calculated for HCT116 cells by formula (section 2.11) for WT and mutant PTEN as per 

the U87MG cells (Table A5.3 in appendix page 198) The S phase inhibition observed 

with cell cycle phase distribution was confirmed with calculations of WT and mutant 

PTEN (section 2.11). The values for S phase inhibition for mutant PTEN was compared 

with WT PTEN. A significant increase in the proportion of cells in S phase inhibition 

was observed in two experiments.

The expression of WT PTEN in HCT116 cells led to cell cycle inhibition. The cells 

expressing WT PTEN had a 30% inhibition in the S phase compared to the phosphatase 

deficient mutants that is the C124S and G129E had 13% cell cycle inhibition The 

C124S, G129E and AS PTEN control mutants did not bring about the cell cycle 

inhibition in the S phase as efficiently as the WT PTEN in the HCT116 cells (Figure 

5.8).

The HCT116 cells transiently transfected with point mutants K62R and N323K behaved 

like wild-type PTEN with a comparable S phase inhibitory capacity from 25-30% 

(Table 5.3). With an inhibitory' capacity of 15-19%, the Y65C, D153Y and V217A 

mutants did not behave like WT PTEN nor phosphatase deficient control mutants. Their 

cell cycle inhibitory capacity was two-thirds of WT PTEN (Table 5.3 in appendix page 

198). These mutants behaved like a loss of function mutant for cell cycle inhibition 

when the HCT116 cell line was used. The remaining mutants (K125X, K125E, E150Q, 

D153N, and 319X) behaved in a similar manner to the phosphatase deficient control 

mutants with an inhibitory capacity of 13-15%. These mutants had marginal cell cycle 

inhibitory capacity compared with WT PTEN.

Each mutant did bring about a level of cell cycle arrest that was much less than that 

observed with the wild-type PTEN, which indicates alteration in cell cycle inhibition 

function was brought about by the presence of the respective mutation.

The general linear model ANOVA model for HCT116 cells transfected with different 

mutant PTEN indicated significant differences in % S phase between control mutants
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and PTEN mutant. The mutants which were significant were control mutant C124S, 

G129E, and AS PTEN. The mutant PTEN which had significant compared to WT was 

Y65C, K125E, K125X, D153Y, 319X and N323K (Table A5.6, A5.7 in appendix page 

201,202).
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Figure 5.8 Cell cycle inhibitory effects of the WT PTEN and each of the different PTEN mutants in 
HCT116 cells. The cell cycle inhibitory activity of wild-type or PTEN mutants was determined by flow 
cytometry analysis of lumio treated and propidium iodide stained cells. The % S phase inhibition has 
been calculated using the formula in section 2.1 1. The error bar indicates standard error.
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5.6 Comparison of cell cycle inhibitory effects of WT and mutant PTEN in U87MG 

and HCT116 cells

The cell cycle inhibitory capacity of the WT and mutant PTEN in both U87MG and 

HCT116 cell lines is summarised below. The assay result obtained showed 50% of the 

PTEN mutants (Y65C, K125X, K125E, D153N and 319X) were unable to bring about 

cell cycle inhibition in the S phase in the U87MG cells. In contrast, 80% of the PTEN 

mutants (Y65C, K125X, K125E, E150Q, D153N, D153Y, V217A and 319X) were 

unable to bring about cell cycle inhibition in the S phase of the HCT116 cells (Figure 

5.9).

The mutants E150Q, D153Y and V217A had comparable cell cycle inhibitory capacity 

to WT PTEN in the U87MG cells. The mutants K62R and N323K had similar cell cycle 

inhibitory capacity as WT PTEN in both U87MG and HCT116 cell lines. However, in 

HCT116 cells, the Y65C, D153Y and V217A mutants did not display equivalent 

capacity to WT PTEN (Figure 5.9). The mutant Y65C behaved like a loss of function 

mutant in its cell cycle inhibitory capacity for both U87MG cells and HCT116 cell 

lines.

The mutants K125E, K125X, D153N and 319X behaved like the phosphatase deficient 

control mutants in both the U87MG and HCT116 cell lines. Interestingly, the K125X 

and 319X mutants had only half the efficiency in inhibiting the cell cycle as the 

phosphatase deficient mutants in the U87MG cells. This indicates the severe 

impairment in the capacity of these cells to inhibit the cell cycle in U87MG cells.

The mutant E150Q inhibited the cell cycle to a similar level as the phosphatase deficient 

mutant and had a quarter of the cell cycle inhibitory capacity of WT PTEN in HCT116 

cells. This is in contrast to U87MG cells where this mutant behaved like WT PTEN 

(Figure 5.9). The MCF-7 cell line was only used as a reference cell lines for cell cycle 

analysis. The differences between the mutants in two cell lines regarding cell cycle 

distribution are thoroughly explained in the discussion (section 5.7).
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Figure 5.9 Summary of the PTEN mutants and their protein location. Cell cycle inhibitory effects of 
the mutant PTEN in (A) U87MG and (B) HCT116 cells. The bar represents the PTEN protein N- and C- 
terminal domains. Mutants above the bar (green) behaved like WT PTEN. Mutants (orange) were 
intermediate in cell cycle inhibitory capacity compared to WT PTEN. Mutants below the bar (red) 
represent mutants that behaved like the phosphatase deficient mutants and did not bring about cell cycle 
inhibition. Each mutant PTEN capacity was measured against WT

136



5.7 Discussion

Several groups have shown PTEN coordinates G1 arrest through up-regulation of p27 

and concomitant down-regulation of cyclin D1 [Bruni et ah, 2000; Cheney et al., 1999; 

Medema et al., 2000; Persad et al., 2001; Weng et al., 2001b]. The D cyclins are key 

regulators of progression through G1 of the cell cycle, whereas p27 is an inhibitor of 

cyclin-dependent kinases and acts as a negative regulator of the cell cycle. Another 

factor that influences G1 arrest may be the inhibition of retinoblastoma protein 

phosphorylation via the effects that PTEN has on the PI3K pathway {Paramio, 1999 

#477],

The mechanism for the proliferation defect induced by lack of PTEN in most 

glioblastoma cell lines is cell cycle arrest in the G1 phase [Li and Sun, 1998]. PTEN is a 

well established inhibitor of cell proliferation. It causes arrest of cells in the G1 phase 

of the cell cycle by opposing and inhibiting the actions of P13K and inhibiting 

activation of Akt [Carethers et al., 1998 1164 ; Li et al., 1998; Weng et al., 1999], In 

contrast, when PTEN is ablated, Akt activation is augmented, and the G1 to S phase 

transition of cells is enhanced [Sun et al., 1999], The mechanism by which PTEN 

suppresses cell growth and induces apoptosis appears to be dependent upon its 

phosphatase activity. Requirement of the PTEN phosphatase activity to downregulate 

Akt, FAK, and p44/42MAPK pathways and activate the caspase-9 cascade this has been 

demonstrated previously in tumour cells that are mutant or null for PTEN [Gu et al., 

1999; Gu et al., 1998; Tamura et al., 1998]}[Lu et al., 1999; Nakamura et al., 2000] 

[Dijkers et al., 2000; Tamura et al., 1999b],

Cell cycle distribution was examined further using flow cytometry analysis in both 

U87MG and HCT116 cells tested with WT and mutant PTEN. Cell cycle distribution 

pointing to S phase inhibition of WT and mutant PTEN in the U87MG cell line was 

demonstrated. These results are in agreement with the cell cycle arrest reported in 

glioblastoma cells [Fumari et al., 1997 1165] [Carethers et al., 1998 2392] [Li and Sun, 

1998], which saw cell growth arrest due to inhibition of cell cycle progression from the 

G1 to S phase transition rather than apoptosis induction. The inhibition of S phase entry 

indicates that PTEN expression can affect the machinery controlling cell cycle
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progression. The main mechanisms controlling cell cycle progression during G1 are 

mediated by p53 and/or the retinoblastoma family of proteins (pRb, pi07 and pi30) 

[Picksley and Lane, 1994; Weinberg, 1995]. However, this does not preclude the 

possibility that the presence or absence of PTEN protein could in fact modulate 

apoptosis, in particular when this process is induced by exogenous treatments, as 

reported in the case of PTEN gene-deficient cells [Di Cristofano et al., 1998; Stambolic 

et al., 1998].

In this study on the HCT116 cell line, S phase inhibition was observed with WT PTEN 

expression. However, one major difference in these results from reported literature is 

that HCT116 colorectal tumour cells were observed to be arrested in the S phase after 

transient ectopic expression with WT PTEN. In contrast, previous studies reported that 

ectopic expression of PTEN in cancer cells resulted in G1 arrest that was associated 

with an increase in p27 expression [Fumari et al., 1997 ; Fumari et al., 1998; Aaltonen 

et al., 1998 79; Robertson et al., 1998; Cheney et al., 1999;Weng et al., 2001a ]. The 

discrepancy between these results is not clear. However, one possibility is that the 

induction of cell cycle arrest by PTEN may be cell type dependent. Alternatively, 

differences in the mutational changes in different cancers may contribute in determining 

the cell cycle phases. There is a precedence of cell type dependency in the literature 

[Saito et al., 2003]. These results indicate the endogenous status of PTEN may play a 

role in cell cycle arrest and warrant further investigation. Whatever the underlying 

mechanism, it is evident from the present study that the ability of PTEN to inhibit 

tumour growth is independent of the mutational status of PTEN in cancer cells and is in 

agreement with the findings previously reported by [Aaltonen et al., 1998 79; 

Minaguchi et al., 1999],

The phosphatase deficient control mutants C124S and G129E had a quarter of the 

inhibitory activity compared to WT in both cell lines. The difference observed in the 

PTEN mutants in the two different cell lines could be due to cell type specificity of 

these mutations since they were found in primary sporadic colorectal tumours. There is 

a precedence of cell type dependency in the literature [Saito et al., 2003],
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The mutants E150Q, D153Y and V217A displayed a diminished capacity to inhibit cell 

cycle arrest in the HCT116 cell line; this is like partial loss of function mutants. The 

mutant Y65C also behaved like a partial loss of function mutant in both U87MG and 

HCT116 cell lines. It is proposed that Y65C, E150Q D153Y and D153N mutants may 

have altered function because these mutations are found near the N-terminus or 

phosphatase domain, which leads to a severe decrease in PTEN activity. Several 

mechanisms have come to light by which different classes of mutation of the PTEN 

gene promote tumour development [Campbell et al., 2003; Leslie and Downes, 2004], 

Most mutations occur within the coding sequence of the gene, and most of these 

inactivate the phosphatase activity of the encoded enzyme [Leslie and Downes, 2004], 

Also, an extensive analysis of the effects of tumour-derived point mutations on the 

phosphatase activity of PTEN has revealed that the great majority of such mutations 

abolish (81%) or greatly decrease (10%) phosphatase activity [Han et al., 2000], The 

great majority of PTEN mutations in sporadic tumours, and possibly all mutations in 

PTEN-associated inherited conditions, fall into these classes that interfere directly with 

enzymatic activity. However, the work of Han et al. (2000) [Han et al., 2000] and other 

studies have shown that a small fraction of tumour-derived mutants retain strong 

phosphatase activity in vitro, indicating these mutations interfere with other aspects of 

PTEN's function that are required for the enzyme to act efficiently as a tumour 

suppressor in cells. In the literature, 30% of all germ-line and somatic mutations have 

been determined in this catalytic core. In vitro studies have showed PTEN mutations 

that occurred in the catalytic core motif caused loss of lipid phosphatase activity [Eng, 

2003], This could be the mechanism that causes these mutants to behave like a partial 

loss of function mutant for cell cycle inhibition.

The point mutation V217A occurs in the C-terminal domain. It has been proposed that 

the dephosphorylation of these C-terminal residues causes a conformational opening up 

of the protein that mediates many of these effects of phosphorylation [Das et al., 2003; 

Vazquez et al., 2001]. Although direct evidence for this is lacking, this seems a 

plausible hypothesis, since dephosphorylated protein is more sensitive to protease 

digestion in vitro [Vazquez et al., 2001] and interacts much more efficiently with some 

protein binding partners [Vazquez et al., 2001], It also associates more effectively with 

cellular membranes [Das et al., 2003]. This region is also essential for the tumour- 

suppressor function, and partial or total absence of phosphatase activity has been
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demonstrated to result from amino acid changes outside the phosphatase domain 

[Georgescu et al., 1999; Han et al., 2000], In those experiments, PTEN was noted to 

affect growth in vitro through the induction of a Gi.S cell cycle arrest. Indeed, 

mutations in the C2 domain have been demonstrated to block productive association of 

PTEN with membrane Ptdlns without blocking the ability to dephosphorylate Ptdlns in 

solution [Georgescu et al., 1999], This could be the reason the V217A mutant had a 

partial alteration in cell cycle inhibition function.

The mutants K125E, D153N, K125X and 319X behaved like the phosphatase deficient 

control mutants in the U87MG cells. The truncated mutants K125X and 319X could 

only inhibit the cell cycle half as efficiently as phosphatase deficient mutants in U87MG 

cells. The mutants K125X, K125E, D153N, and 319X behaved like phosphatase 

deficient mutants in both cell lines. The 125 position in the P1EN gene is in the 

phosphatase active site. The behaviour of the K125X and K15E mutants could be 

because these mutations were found in the phosphatase active site of the PTEN gene. 

Detailed structural analyses of the human PTEN protein have revealed that the invariant 

basic residues, Lysl25, Lys 128 are likely to interact with the phosphate groups al 

positions D1 and D5 of the inositol ring, respectively [Lee et al., 1999], The disruption 

of the interaction between Lys 125 and the D1 phosphate would be expected to reduce 

the affinity of PTEN for all phosphoinositides that contain a phosphoryl group at the D1 

position, as reported by Maehma et <7/[Maehama et al., 2001]. The molecular modelling 

of the PTEN structure with the PIP-3 soluble head group analog inositol 1,3,4,5- 

tetrakisphosphate indicates that Lys 125 and Lysl28/His93 are positioned to coordinate 

the D1 and D5 phosphate groups of the inositol ring, respectively, via charge-charge 

interactions [Lee et al., 1999]. PTEN mutants in which Lysl25 and Lysl28 have been 

substituted with Met display a substantial decrease in lipid phosphatase activity, which 

further supports the concept that charge interactions are critical determinants for PTEN 

specificity toward PIP-3 [Lee et al., 1999], This in turn probably explains the behaviour 

of both K125E and K125X mutants being like that of phosphatase deficient mutants.

The 319X truncated mutant behaved like a phosphatase deficient control mutant in both 

U87MG and HCT116 cell lines. This is a truncated mutant in the C-terminal C2 

domain. A large number of PTEN nonsense or frameshift mutations found in tumours 

are targeted to the C-terminal domain of the protein, suggesting an important role for
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this domain in the regulation ot the PI EN tumour-suppressor activity, in this legard, the 

C-tenninal region of PTEN has been shown to be important in the regulation of the 

stability and half-life of the molecule [Georgescu et al., 1999; Tolkacheva and Chan,

2000]. Frameshift mutations at the end of the PTEN coding region have been found in 

tumours, indicating that such mutations could produce C-terminal truncated P1EN 

molecules with altered tumour-suppressor function [Ali et al., 1999], This mutation is at 

the C-terminal domain and is the most frequent site mutation found in a variety of 

primary tumours of different origins [Chiariello et al., 1998, Duerr et al., 1998, Kurose 

et al., 1998; Levine et al., 1998; Maxwell et al., 1998a; Obata et al., 1998]. Given the 

critical role of the C-terminal tail in controlling PTEN degradation, deletion of this 

fragment results in the rapid degradation of the truncated PTEN protein. This in turn 

leads to the loss of the tumour-suppressive function, even though the C-terminal 

truncated PTEN is enzymatically intact as the full-length PTEN [Wang and Jiang, 

2008], Interestingly, many cancer-associated PTEN mutations result in a truncation oi 

frameshift near the end of the C2 domain. Although most of the mutants possess a 

defective C2 domain rendering them inactive, some mutants do have an intact C2 

domain and are thus active enzymatically [Ali et al., 1999; Georgescu et al., 1999], This 

could be the possible reason the 319X mutant behaves like a phosphatase deficient 

control mutant.

The other hypothesis for alteration of function of the Y65C mutant in both cell lines 

could be because the phosphatase domain where this mutation was lound is 

hydrophobic and frequently mutated. The difference between Y65C and Y68H is at 

three positions on the phosphatase domain in the PTEN gene. It could be hypothesised 

that it follows the pattern of Y68H. Georgescu et al. (2000) [Georgescu et al., 2000] 

reported mutations within the C2 domain decrease protein stability, they also 

investigated whether a similar effect is induced by mutations predicted to disrupt the 

core of the phosphatase domain The Y68 residue belongs to a (3 strand that is part of the 

phosphatase domain hydrophobic core and is frequently mutated in cancer to histidine 

[Chiariello et al., 1998] or cysteine [Rhei et al., 1997], Most importantly, of all of the 

investigated mutations, Y68 is also replaced with histidine in the PTEN pseudogene 

[Dahia et al., 1998; Kim et al., 1998], The Y68EL mutation reduced PTEN stability 

similarly to the C2 domain core mutations and decreased the tumour-suppressor activity 

of PTEN, indicating misfolding of both domains has a destabilizing effect on the entire
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protein [Georgescu et al., 2000].

Thus, the main targets of PTEN in cells carrying WT PTEN may be different from those 

in cells carrying mutant- or deletion-type PTEN. Cells could be arrested at either the Gi 

or G2 phase on the basis of the status of endogenous PTEN. Similarly, the downstream 

pathways may be different. However, the exact mechanism by which PTEN causes 

these differences in cell cycle arrest is unclear and remains to be investigated. Further 

new functional assays would give an insight for the role of these mutations in colorectal 

tumourigenesis.

In chapter 5 the effect of PTEN mutation on cell cycle phase distribution and inhibition 

was analysed. In next chapter 6 this research is extended to determine the effect of 

PTEN mutation on cell proliferation.
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Chapter 6

6.1 Determination of the effect of PTEN mutation on cell proliferation

6.1.1 Introduction

The expression of wild-type PTEN in U87MG cells antagonises PI3K/Akt signalling [Li 

and Sun, 1998; Ramaswamy et al., 1999; Sun et al., 1999], This effect is dependent 

upon the lipid phosphatase activity of PTEN [Myers et al., 1998; Ramaswamy et al., 

1999], Loss of this function leads to upregulation of PI3K/Akt signalling and hence 

promotes enhanced proliferation, survival and increased protein synthesis. It has been 

shown that cells lacking wild-type PTEN in gliomas are characterised by elevated levels 

of PIP-3[Myers and Tonks, 1997], As a consequence, the activity of protein kinase B 

(PKB/Akt) was found to be elevated, resulting in prevention of apoptosis and promoting 

proliferation [Stambolic et al., 1998]. Introduction of wild-type PTEN reduced the 

levels of PIP-3 and protein kinase B [Li and Sun, 1998], In addition, wild-type PTEN 

was found to suppress the proliferation and the tumour growth of PTEN deficient 

glioblastoma cells, whereas mutant phosphatase inactive PTEN failed to suppress cell 

growth [Cheney et al., 1998; Fumari et al., 1998], Thus two biological processes, 

namely cell proliferation and apoptosis, are partly regulated by PTEN activity. It has 

been shown previously that the introduction of WT PTEN into certain tumour cells 

lacking expression of the protein results in a decrease of cell proliferation; this is 

through induction of either apoptosis or cell cycle arrest, while introduction into cells 

expressing WT PTEN does not decrease cell proliferation [Davies et al., 1998; Fumari 

et al., 1998; Furnan et al., 1997; Myers et al., 1998; Ramaswamy et al., 1999 Li et al, 

1998 ].

A number of studies have shown that a modulation ol the PI3K/PIP3 signal primarily 

affects cell proliferation. Stable expression of wild-type PTEN in U87MG cells leads to 

a dramatic reduction in the proliferation of these cells, whereas expression of 

catalytically inactive PTEN (C124S mutant) does not affect their proliferation rates 

[Fumari et al., 1997] [Li and Sun, 1998]. PTEN, in vitro and in vivo, specifically 

cleaves the D3 phosphate of PIP2 and PIP3, two major phospholipid products of PI3K 

pathway [Maehama and Dixon, 1998; Stambolic et al., 1998], The role ol the PTEN- 

P13K pathway in cell proliferation and survival is well documented. Studies have 

confirmed the key role of some of the Akt targets in mediating the effect of PTEN
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[Nakamura et al., 2000; Persad et al., 2001]. Therefore, by keeping the level of D3 

phospholipids low, PTEN negatively regulates an important set of cellular processes, 

such as proliferation and survival. The cell proliferation assay on the U87MG 

glioblastoma cell line has been previously well characterised in the literature [Fumari et 

al., 1997] [Li and Sun, 1998]..

After completing the cell cycle analysis for the U87MG and HCT116 cell lines, further 

work on cell proliferation was started, as it was found that WT PTEN reduces cell 

proliferation in glioblastoma U87MG PTEN null cell lines. As a tumour suppressor 

might be expected to suppress cell proliferation, several research groups have tested 

whether restoration of PTEN expression to cells with mutated PTEN alleles suppresses 

proliferation. Transient expression using plasmid or adenoviral PTEN vectors 

suppresses cell proliferation, as described previously [Furnari et al., 1997] [Li and Sun, 

1998]. In order to functionally characterise the effect of the WT and the mutant PTEN 

identified in primary sporadic colorectal cancer, we performed a cell proliferation assay.

Initially, the pilot experiments were set up to optimise the seeding density and time 

course for cell proliferation. For the time course experiments using U87MG cell lines 

transiently expressing wild-type PTEN, the controls were the C124S mutant, the vector 

only and untransfected U87MG cells. These cells were transiently transfected and 

seeded into three replicates in 96-well plates. Cell proliferation was determined using 

the XTT assays over 0, 12, 24, 36 and 48 hours (section 2.12). This establishes the time 

point for experiments expressing WT and mutant PTEN in both U87MG and HCT116 

cell lines.
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6.2 Pilot experiments

6.2.1 Determination of optimal cell density for cell proliferation analysis

Before starting the analysis, the native growth rate of U87MG cells was determined 

using different seeding densities and XTT reagent. The XTT assay is a standard 

colorimetric assay used for measuring cellular proliferation. The principle of XTT 

assays is based on the cleavage of yellow tetrazolium salt to form orange formazon dye. 

This cleavage takes place only when mitochondrial reductase enzymes are active, and 

therefore conversion is directly related to the number of viable cells. A standard curve 

showing different cell proliferation rates over time with differing cell density was 

established (Figure 6.1).

These experiments established that a density of 2500 cells/well was optimal and at low 

cell density (cells -50% confluent on the plate) there was a proportional increase in 

optical density (OD) 450 with increasing cell number. At high cell density, the increase 

in OD 450 was not proportional to the increase in cell number. This increase was 

independent of the length of incubation with the reagent between 20min and 90 min 

(Figure 6.1). However, at shorter incubation times, the OD 450 was proportional to cell 

number up to 50-70% confluence. The standard curve of cell proliferation with time 

shows a linear relationship between absorbance values and cell numbers of U87MG 

cells using 96 cell plates (Figure 6.1).
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Figure 6.1 Absorbance of U87MG cells at different seeding densities.
Parental U87MG cells were seeded into 96-well plates at varying cell densities. At different time points 
after seeding, cells were treated with the XTT reagent and absorbance readings were measured at 450 nm. 
2500 cells'*, 5000 cells", 10 000 cells^, 20 000 cells *, 40 000 cells*.
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6.3 Preliminary optimisation for cell proliferation with time course

After finding the optimal seeding density of 2500 cells/per well lor the U87MG cells, 

the cells were then subjected to transient transfection with the wild-type PTEN. The 

C124S mutant, vector only, untransfected U87MG cells and mock transfected cells were 

used as controls. The proliferation was monitored by the colorimetric 2, 3-bis (2- 

methoxy-4-nitro-5-sulfophenyl)-2//-tetrazolium-5-carboxanilide proliferation assay 

(section 2.12). Initially, only a small subset of constructs was tested to optimise the 

experiments in the U87MG cells. The U87MG cells were initially transfected with wild- 

type PTEN, the C124S mutant, and the vector only untransfected U87MG cells and 

mock transfected cells were used as controls. In the cell lines, cell proliferation was also 

evaluated by an XTT assay, by plating an equal number of cells in 96-well plates. These 

cells were transiently transfected and seeded into the 96-well plates in three replicates 

and cell proliferation was determined using the XTT assays (section 2.12).

Initially, the effects of WT PTEN and mutant PTEN on cell proliferation were also 

evaluated at different time points. Cell proliferation was measured initially at 0, 2, 4, 6, 

8, 24, 29, 31, 33 and 48 hours after transfection (data not shown). These initial time 

points were used only for optimisation purposes. These experiments were repeated later 

at 0, 12, 24, 36 and 48 hour time points (Figure 6.2). After the addition of the XTT 

reagent, plates were incubated at 37°C and readings were taken at 2, 4 and 8 hours alter 

addition of the XTT solution. Based on these data, the cells with XTT reagent were 

incubated for four hours for further experiments. This 4-hour time produces high 

enough absorbances for a reliable assay with sufficient measurement dynamics, but is 

short enough for a convenient and efficient assay protocol.

The results are expressed as the average of three replicates absorbance values for 

samples in the same experiment. The untransfected U87MG cells, the empty vector 

transfected cells, and the mock transfected cells appeared to have similar proliferation 

rates (Figure 6.2). The WT PTEN brought about a decrease in cell proliferation rate 

after 24-48 hours post-transfection when compared to the untransfected cells or C124S 

phosphatase deficient control mutants (Figure 6.2). This experiment was repeated on 

three separate occasions and the results obtained were very close at each time point. The 

decrease in cell proliferation occurred between 24 and 48 hours and reached a plateau at
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48 hours. The maximal effect on cell proliferation was observed in the 24-48 hour time 

interval; this was used to calculate proliferation rate changes for further experiments 

(Figure 6.2).

The pilot experiment determined the time course for the analysis of cell proliferation 

rate changes. The proliferation rate was determined as the change in absorbance over 

time (AA450/24h). This time interval was used to calculate cell proliferation rates of 

cells expressing the WT and different PTEN mutants. After preliminary optimisation 

with U87MG cells, the actual experiments with the WT and mutant PTEN were 

undertaken.

148



Figure 6.2 Determination of time course for analysis of cell proliferation in U87IMG cells. Cells were 
seeded at a density of 2500 cells per well after transient transfection with wild-type PTEN. The C124S, 
vector only, and untransfected U87MG cells serve as controls. The rate of cell proliferation was 
determined at 0, 12, 24, 36 and 48h time points post-transfection indicated. Each point represents the 
average of the three sample analyses. UT^, Vector*, WT and C124S*.
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6.4 Determination of the effect of PTEN on the rate of cell proliferation in U87MG 

cells

After optimising the experimental parameters in the preliminary pilot experiments, cell 

proliferation analysis was earned out with the PTEN mutants at various optimised time 

points. The U87MG cells were transiently expressed with WT and PTEN mutant 

(K62R, Y65C, K125X, K125E, D153N, D153Y, E150Q, V217A, 319X, N323K, 

C124S, and G129E) constructs in triplicate. Control transfections included an AS 

mutant, a vector only, mock transfected U87MG cells and parental U87MG cells. Cell 

proliferation was measured using the XTT assay at 0, 12, 24, 48, and 72 hours alter 

transfection. All the mutants were analysed in triplicate on two separate occasions 

(section 2.12).

Cell proliferation rates were calculated by the change in absorbance (AA) at 450 nm 

over the 24-48 hour time period (Table 6.1; Figure 6.3). These values were then scaled 

accordingly, relative to the rate of the untransfected U87MG cells AA values. The rates 

are shown relative to the rate of proliferation of the untransfected U87MG cells, which 

was taken as having a 100% proliferation rate. The AA value for the untransfected 

U87MG cells was arbitrarily assigned as 100% and the vector transfected cells and each 

of the mutant AA values were scaled accordingly, relative to the untranslected cells. The 

cell proliferation rate was significantly increased in the untransfected U87MG cells, 

mock transfected cells, AS control mutant and vector only controls. All of these controls 

had a similar 100% cell proliferation rate relative to the untransfected U87MG cells 

(Table 6.1). In this cell proliferation assay, expression of wild-type PTEN reduced 

cellular proliferation, but the phosphatase-dead control mutant did not.

The cell proliferation rates for the untransfected, vector transfected and AS transfected 

cells were all identical. The remaining mutants were then tested and cell proliferation 

rates were scaled relative to the untransfected or vector transfected cells. The transient 

expression of wild-type PTEN led to an 80% reduction in the cell proliferation rate 

compared to the untransfected cells. The transfection without any DNA targeting the 

PTEN gene did not impair the proliferation of U87MG cells. Interestingly phosphatase 

deficient control mutants, C124S and G129E, had a 40% reduction in cell proliferation 

rate compared to untransfected U87MG cells. The mutants C124S and G129E reduced 

rate of cell proliferation by 40%. These mutants had half the proliferative inhibitory
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capacity of WT PTEN (Figures 6.3, 6.4).

The WT PTEN decreased cell proliferation rate up to 80% relative to the untransfected 

cell rate. Similarly the mutants E150Q, D153Y, V217A and N323K were comparable to 

the wild-type, with a reduction in cell proliferation rates in the range of 70-80% 

compared to untransfected U87MG cells (Figure 6.4). This is in contrast to the 

phosphatase deficient mutants, C124S and G129E, which only had a 40% reduction in 

cell proliferation rates. The mutants K62R and Y6C had a reduction in cell proliferation 

rates up to 60% compared to the untransfected U87MG cells (Figure 6.4). These 

mutants had two-thirds of the proliferation capacity of WT and behaved like partial loss 

of function mutants.

The mutants D153N and 319X had a reduction in cell proliferation rates up to 20-40% 

compared to untransfected U87MG cells (Figure 6.4). In this respect they behaved like 

the phosphatase deficient mutants C124S and G129E. These mutants also had hall to a 

quarter of the proliferative capacity of WT PTEN (Figures 6.3, 6.4).

The two mutants K125X and K125E behaved entirely like untransfected U87MG cells 

in their relative rates of proliferation (Figures 6.3, 6.4; Table 6.1 in appendix page 203). 

They were unable to bring about a reduction in cell proliferation rates as efficiently as 

WT PTEN. This probably shows that the inhibition of cell proliferation function is 

totally deficient in these mutants in the U87MG cell line.

This comparative data of each mutant K62R, Y65C, K125X, K125E, E150Q, D153N, 

D153Y, V217A, 319X, and N323K), along with the two known PTEN phosphatase 

deficient mutants (C124S and G129E) as , untransfected U87MG cells , vector only and 

AS PTEN control mutants also suggests that rate of cell proliferation of untransfected 

U87MG cells was highest. It also reveals that when rate of proliferation of untransfected 

U87MG cells were compared to WT and PTEN mutant and control mutant there were 

significant difference in rate of cell proliferation with Tukey's test ((Table A 6.5 

appendix page number 207).

Similarly, rate of cell proliferation for vector only and control mutant (C124S, G129E 

and AS PTEN) was compared to WT, mutant PTEN and control mutant. For 

comparison of vector only control with the entire mutant K62R, Y65C, K125X, K125E,
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E150Q, D153N, D153Y, V217A, 319X, and N323K), along with the two known PTEN 

phosphatase deficient mutants (C124S and G129E) rate of cell proliferation of the entire 

mutant was significant (Table A 6.5 appendix page number 207). For C124S control 

mutant it was observed that except for vector only and Y65C mutant rate of cell 

proliferation of the entire PTEN mutant and control mutant was significant with 

Tukey's test (Table A 6.5 appendix page number 207). Similarly, for G129E control 

mutant it was observed that except for WT, AS PTEN and K62R rate of cell 

proliferation of the entire PTEN mutant and control mutant was significant with 

Tukey's test ((Table A 6.5 appendix page number 207 ). For AS PTEN control mutant 

it was observed that untransfected U87MG cells, vector only cells, C124S, Y65C, 

K125XE,D153Y and 319X mutant were significant with Tukey's test ((Table A 6.5 

appendix page number 207).

The rate of cell proliferation of WT was compared to the mutant PTEN and control 

mutant then it was observed that untransfected U87MG cells, vector only, C124S, 

Y65C, K125E, D153Y and 319X mutant's proliferation rate were significant with 

Tukey's test ( p value <0.05)(Table A 6.5 appendix page number 207).

The rate of cell proliferation of mutant K62R, Y65C ,K125X , K125E and D153N 

were compared to mutant PTEN and control mutant then it was observed that K62R 

K125X and D153N mutant that untransfected U87MG cells , vector only, C124S , 

Y65C, K125E, D153Y and 319X proliferation rate were significant with Tukey's test ( 

p value <0.05) ((Table A 6.5 appendix page number 207).

With comparison K125E mutant except for D153Y and 319X mutant's rate of cell 

proliferation of the entire mutant was significant with Tukey's test ( p value <0.05). As 

for Y65C mutant, rate of cell proliferation of the entire mutant was significant with 

Tukey's test ( p value <0.05) except for vector only and C124S (Table A6.5 appendix 

page number 207).

The rate of cell proliferation of mutant E150Q and D153Y were compared to mutant 

PTEN and control mutant then it was observed with E150Q that untransfected U87MG 

cells, vector only, C124S, Y65C, K125E, D153Y, V217A and 319X proliferation rates 

were significant Tukey's test ( p value <0.05). For D153Y mutant except for mutant 

K125E and 319X, the rate of cell proliferation of entire mutant was significant Tukey's

152



test ( p value <0.05) (Table A6.5 appendix page number 207).

The rate of cell proliferation of mutant V217A, 319X and N323K were compared to 

mutant PTEN and control mutant then it was observed with 319X that except lor 

K125E, D153Y the rate of cell proliferation of entire mutant was significant Tukey's 

test ( p value <0.05). For V217A and N323K mutant untransfected U87MG cells , 

vector only, C124S , Y65C,K 125E, D153Y and 319X proliferation rates were 

significant Tukey's test ( p value <0.05) (Table A 6.5 appendix page number 207 ).
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Figure 6.3. Analysis of the effect of mutant PTEIS on cell proliferation rate in U87MG cells. Each 
time point on the curves represents the average of triplicate/three readings. Cell proliferation was 
measured at 0, 12, 24, 48 and 72 h after transfection. Two independent experiments were conducted and 
samples were analysed in triplicate in each experiment. The error bar represents the standard error. 
Untransfected^, Vector", WT*, C124S*. Y65C*, K125E*,+ D153Y, — 3 19X, — N323K and
V217A ♦.
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Figure 6.4 The effect of WT and mutant PTE1\ on rate of proliferation. The relative rate of cell 
proliferation in U87MG cells was calculated for all the PTEN constructs. These were relative to the 
untransfected cell proliferation rates that had been arbitrarily assigned 100%. The graphed data set 
represents the result of relative value for two independent experiments. The average of six replicates for 
each mutant and the wild type was obtained and then relative value was calculated. The error bar 
indicates the standard error.
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6.5 Determination of the effect of PTEN on the rate of cell proliferation in HCT116 

cells
The cell proliferation experiments with U87MG cells were completed and then 

preliminary optimisation experiments were done with HCT116 cells. After finding the 

optimal seeding density of 2500 cells for the HCT116 cells, these were then subjected to 

transient transfection and proliferation was monitored by the colorimetric 2, 3-bis (2- 

methoxy-4-nitro-5-sulfophenyl)-2//-tetrazolium-5-carboxanilide proliferation assay 

(section 2.12).

After carrying out the preliminary optimisation experiments, the PTEN mutants were 

tested with the cell proliferation assay. The cell proliferation rate was investigated using 

the HCT116 cells. This was achieved by transiently expressing wild-type PTEN and 

mutant PTEN in the HCT116 cells. Cell proliferation was measured using the XTT 

assay at 0, 12, 24, 48, and 72 hours after transfection. All the mutants were analysed in 

three replictes on two separate occasions (section 2.12). This optimisation experiment 

was similar to the earlier U87MG cell line experiment (section 6.4).

The HCT116 cells were transiently expressed with wild-type or mutant (K62R, Y65C, 

K125X, K125E, D153N, D153Y, E150Q, V217A, 319X, N323K, (C124S, G129E) 

PTEN constructs in triplicate. Control transfections included untransfected HCT116 

cells, vector only, mock transfected cells without any DNA, and AS PTEN. Cell 

proliferation was measured using the XTT assay at 0, 12, 24, 48, and 72 hours alter 

transfection. The standard curve of XTT cell proliferation shows that there was a 

proportional increase in optical density (OD) 450 with increasing cell numbers ol 

HCT116 cells (data not shown).

The cell proliferation rates were calculated by the change in absorbance (AA) at 450 nm 

over the 24-48 hour time period (Table 6.2; Figure 6.5). The values were scaled in a 

similar manner to the U87MG cells (section 6.4).

The cell proliferation rate was unchanged in the untransfected HCT116 cells, mock 

transfected cells, AS control mutant and vector only controls. All of these controls had a 

similar 100% cell proliferation rate relative to the untransfected HCT116 cells (Table 

6.2). In this cell proliferation assay with HCT116 cells, expression of wild-type PTEN
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reduced cellular proliferation, but phosphatase-dead control mutant PTEN did not.

The cell proliferation rates for the untransfected HCT116 cells, vector transfected and 

AS transfected cells were all identical. The remaining mutants were then measured and 

cell proliferation rates were scaled relative to the untransfected HCT116 cells or vector 

transfected cells. The transient expression of wild-type PTEN led to an 80% reduction 

in cell proliferation rate compared to the untransfected HCT116 cells. The transfection 

without any DNA targeting the PTEN gene did not impair the proliferation of HCT116. 

Interestingly the phosphatase deficient control mutants C124S and G129E cell 

proliferation rates were similar to untransfected HCT116 cells. The mutants C124S and 

G129E behaved like untransfected HCT116 cells. These two mutants did not have the 

proliferative inhibitory capacity of WT PTEN (Figures 6.5, 6.6).

The WT PTEN decreased cell proliferation rates up to 80% relative to the untransfected 

HCT116 cell rate. Similarly the mutants K62R and N323K were comparable to the 

wild-type, with a reduction in cell proliferation rates in the range of 70-80% compared 

to untransfected HCT116 cells (Figure 6.6). This is in contrast to the phosphatase 

deficient mutants, C124S and G129E, which did not bring about any changes in cell 

proliferation rates. The mutant Y65C had a reduction in cell proliferation rates up to 

60% compared to untransfected HCT116 cells (Figure 6.6). This mutant had two-thirds 

of the reduction in proliferation capacity of WT relative to untransfected HCT116 cells 

and behaved like a loss of function mutant.

The mutants K125E, K125X, E150Q, D153N, D153Y, V217A and 319X behaved like 

phosphatase deficient mutants for cell proliferation rates in the E1CT116 cells (Figure 

6.5, 6.6) The mutants E150Q, D153Y and V217A behaved like partial loss of function 

mutants. These mutants also had a quarter of the proliferative inhibitory capacity of WT 

PTEN relative to untransfected HCT116 cells (Figures 6.5, 6.6). The mutants K125X, 

K125E, D153N and 319X behaved like untransfected HCT116 cells in their relative 

rates of proliferation (Figures 6.5, 6.6; Table 6.2). They were unable to bring about a 

reduction in cell proliferation rates as efficiently as WT PTEN. This probably shows 

that there is an alteration of the cell proliferation function in these mutants in HCT116 

cell line.
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This comparative data of each mutant K62R, Y65C, K125X, K125E, E150Q, DI53N, 

D153Y, V217A, 319X, and N323K), along with the two known PTEN phosphatase 

deficient mutants (C124S and G129E) as , untranfected U87MG cells , vector only and 

AS PTEN control mutants analysed by Tukey's test also suggests that rate of cell 

proliferation of untransfected HCT 116 cells was highest. It also reveals that when rate 

of proliferation of untransfected HCT116 cells was compared to WT and PTEN mutant 

and control mutant there rate of cell proliferation were found to be significant with 

Tukey's test ( p <0.05) (Table A6.6, 208).

Similarly, rate of cell proliferation for vector only and control mutant (C124S, G129E 

and AS PTEN) was compared to WT, mutant PTEN and control mutant. For vector 

only control rate of cell proliferation of the entire mutant was significant Tukey's test ( 

p <0.05) except for K125X mutant (Table A6.6, 208).

When rate of cell proliferation of C124S control mutant was compared to the entire 

mutant PTEN then it was observed that untransfected HCT116 cells, vector only cells, 

WT, K62R and V217A were significant Tukey's test ( p <0.05). When rate of cell 

proliferation of G129E control mutant was compared to the entire mutant PTEN then it 

was observed untransfected HCT116 cells, vector only cells and K125X mutant were 

significant with Tukey's test ( p <0.05). When rate of cell proliferation of AS PTEN 

control mutant was compared to the entire range of mutant PTEN and control mutants 

then it was observed that untransfected HCT116 cells, vector only cells, C124S, K125X 

and K125E were significant with Tukey's test ( p <0.05) (Table A6.6 in appendix page 

number 208).

The rate of cell proliferation of WT and Y65C was compared to the mutant PTEN and 

control mutant then it was observed that untransfected HCT 116, and vector only 

mutants proliferation rate were significant Tukey's test ( p <0.05) (Table A6.6 208).

The rate of cell proliferation of mutant K62R, K125X and K125E were compared to 

mutant PTEN and control mutant then it was observed that K62R mutant that 

untransfected HCT116 , vector only, C124S , K125X and K125E proliferation rate were 

significantly different with Tukey's test ( p <0.05)different. With K125X mutant it was 

observed that untransfected HCT 116, WT, G129E, AS PTEN, K62R, Y65C, E150Q, 

D153N, D153Y, V217A and N323K proliferation rate were significant Tukey's test ( p 

<0.05). With K125E mutant untransfected HCT116 cells, and vector only, WT, AS 

PTEN, K62R, D153N and V217A proliferation rate were significant Tukey's test ( p 

<0.05) (Table A6.6, 208).
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The rate of cell proliferation of mutant E150Q, D153N D153Y and N323K were 

compared to mutant PTEN and control mutant then it was observed with E150Q D153Y 

and N323K that untransfected HCT116 cells, and vector only and K125X proliferation 

rate were significant. With D153N mutant untransfected HCT116 cells, and vector only, 

K125X and K125E proliferation rate were significant Tukey's test ( p <0.05). (Table 

A6.6, 208) .

The rate of cell proliferation of mutant V217A and 319X were compared to mutant 

PTEN and control mutant then it was observed with V217A untransfected EICT116 

cells, vector only, C124S K125X and K125E proliferation rate were significant Tukey's 

test ( p <0.05). With 319X mutant untransfected HCT116 cells and vector only 

proliferation rate were significant Tukey's test (p <0.05) (Table A6.6,208).
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Figure 6.5 Analysis of the effect of WT and mutant PTEI\ on cell proliferation rate in HCT1I6 
cells. These data sets represent the average of two independent experiments performed in 3 replictaes. 
HCTl 16 cells were transfected with wild-type PTEN, C124S, empty vector, Y65C, K125E, D153Y, 319 
X N323K, V217A and untreated HCTl 16 cells. Cell proliferation was measured at 0, 12, 24, 48 and 72 h 
after transfection. The error bar represents the standard error. Untransfected*, Vector*, WT , C124S , 
K125E*, D153Y*, 319X +, N323K—, V217A—, Dl53N^ and Y65C .
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Figure 6.6 The effect of WT and mutant PTEN on rate of proliferation. The relative rate of cell 
proliferation in HCTl 16 cells was calculated for all the PTEN constructs. These were relative to the 
untransfected cell proliferation rates that had been arbitrarily assigned 100%. The graphed data set 
represents the result of two independent experiments in which all samples were analysed in three 
replicates. The untransfected HCTl 16 cells and vector transfected cells have the highest proliferation 
rates compared to WT PTEN. The graphed data set represents the result of relative value for two 
independent experiments. The average of six replicates for each mutant and the wild type was obtained 
and then relative value was calculated. The error bar indicates the standard error
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6.6 Comparison of U87MG and HCTl 16 proliferation rates with WT and mutant 

PTEN

In the U87MG cell line, the PTEN mutants K62R, Y65C, K125E, K125X, D153N and 

319X were unable to inhibit the cell proliferation rates compared to WT. In the HCTl 16 

cell line the PTEN mutants Y65C, K125E, K125X, E150Q, D153N, D153Y, V217A 

and 319X were unable to inhibit cell proliferation rates compared to WT.

The PTEN mutants E150Q, D153Y, V217A and N323K behaved like WT PTEN in the 

U87MG cells with a comparable 70-80% reduction in proliferation rates. In the 

HCTl 16 cells the PTEN mutants K62R and N323K behaved like WT PTEN with a 

comparable 70-80% reduction in the proliferation rates. The mutants K62R and Y6C 

behaved like partial loss of function mutants in the U87MG cell line. In the HCTl 16 

cell line, the Y65C, D153Y, V217A mutants behaved like partial loss of function 

mutants with a partial alteration in the cell proliferation rates (Figures 6.4, 6.6, 6.7). The 

differences observed in rate of cell proliferation of mutant V217A mutant in both 

U87MG and HCTl 16 cell line would make an interesting future direction study.

The PTEN mutants K125E, K125X, D153N and 319X behaved like the phosphatase 

deficient mutants C124S and G129E in the HCTl 16 cell lines (Figures 6.6, 6.7). The 

mutants D153N and 319X behaved like the phosphatase deficient mutants C124S and 

G129E in the U87MG cell line (Figures 6.4, 6.7). The mutants K125E and K125X 

behaved like untransfected cells in both the U87MG and HCTl 16 cell lines (Figures 

6.4, 6.6). They were unable to bring about the reduction in cell proliferation rates as 

efficiently as WT PTEN. This probably shows that the cell proliferation function is 

altered for these mutants in both U87MG and HCTl 16 cell lines. The PTEN mutants 

D153N and 319X behaved like untransfected HCTl 16 cells. This probably suggests that 

these mutations prevented the cell proliferation capacity in the HCTl 16 cell line (Figure 

6.7).
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Figure 6.7 Diagrammatic representation of the PTEN mutants and their protein location and effect.
The cell proliferation alteration effects of the mutant PTEN in (A) U87MG and (B) HCTl 16 cells. The 
bar represents the PTEN protein N- and C-terminal domains. Mutants (green) above the bar are those that 
behaved like WT PTEN relative to untransfected cells. Mutants shown in orange were those which were 
intermediate (like loss of function mutants) in cell proliferation alteration capacity compared to WT 
PTEN. Mutants (red) below the bar represent mutants that behaved like phosphatase deficient mutants 
and did not bring about much alteration in cell proliferation. Above the bar, the cell cycle proliferation 
capacity is similar to the WT level. Below the bar, the cell proliferation capacity is compromised and 
closer to that of phosphatase deficient mutants. Each mutant PTEN capacity was measured against the 
WT relative to untransfected cells whether it was similar or different from the wild-type level relative to 
untransfected ceils.
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6.7 Discussion

A PTEN gene deletion is the most common event observed in cancer cells [Dupont et 

al., 2002; Reiss et al., 1992; Stambolic, 2002]. The loss of PTEN is thought to play an 

important role in tumour cell proliferation and metastasis, due to a lack of control of the 

signalling pathways that mediate cellular processes such as apoptosis and migration 

[Huang and Kontos, 2002; Kandel et al., 2002; Pene et al., 2002], PTEN was transiently 

expressed into U87MG cells, which lack PTEN, and HCTl 16, which expresses 

endogenous PTEN. Expression of WT PTEN in both these cells suppressed cell 

proliferation.

PTEN was transiently expressed in a glioblastoma U87MG PTEN null cell line and a 

colon cancer cell line HCTl 16, which expresses endogenous PTEN. The cell 

proliferation rates were inhibited by 80% by WT PTEN in both the U87MG and 

HCTl 16 cell lines. The WT PTEN was found to suppress the proliferation of the PTEN 

deficient glioblastoma cells, whereas mutant phosphatase inactive PTEN failed to 

suppress cell proliferation [Cheney et al., 1998; Fumari et al., 1998]. This observation 

was consistent with the literature [Maehama et al., 2001; Myers et al., 1997; Stambolic 

et al., 1998],

The effect of cell proliferation on the HCTd 16 cell line was similar to that observed in 

U87MG glioblastoma cell lines [Cheney et al., 1998; Fumari et al., 1998]. Although 

there is a reported inhibition of cell proliferation in this cell line, that was induced by 

exogenously administered ganglioside GM3. The precise mechanism for this has not 

been fully explored or reported by the authors [Choi et al., 2006]. The over-expression 

of different PTEN mutants had a varying effect on the U87MG and HCTl 16 cell lines.

The mutants K62R and Y6C behaved like partial loss of function mutants, indicating 

partial loss or alteration in function in the U87MG cells. The mutant Y65C had an 

intermediate activity in both U87MG and HCTl 16 cells. In contrast K62R behaved like 

WT in HCTl 16 cells. The reason for this could be that both these mutations, K62R and 

Y65C, were found on the same tumour. Both of these mutations had a single PTEN 

allele affected with reduced PTEN expression [Nassif et al., 2004]. However, the 

observation that monoallelic mutation of PTEN without loss or mutation of the second
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allele is prevalent in breast and prostate cancer lesions is consistent with the notion that 

monoallelic loss of PTEN is sufficient for tumour initiation and progression [Salmena et 

al., 2008]. Interestingly, hemizygous deletion has led to reduced PTEN expression, 

while monallelic mutation of PTEN has led to either reduced or absent expression. It is 

possible that the remaining allele harbours a mutation occurring in a region of the gene 

not analysed in this study or those epigenetic factors may be acting on the remaining 

allele. Hemizygous PTEN knockout mouse models have demonstrated that loss of a 

single PTEN allele is sufficient for tumourigenesis [Di Cristofano et al., 1999; Di 

Cristofano et al., 1998; Podsypanina et al., 1999; Stambolic et al., 1998], and 

hemizygous deletion of PTEN appears to be common in some tumour types, such as 

breast and prostate cancers [Feilotter et al., 1998; Singh et al., 1998]. It could be 

hypothesised that they behaved like partial loss of function mutants.

The mutants K125E and K125X both behaved like untransfected cells in both the 

U87MG and HCTl 16 cell lines. This indicates cell proliferation suppression capacity is 

totally altered. Also, both of these mutations are found on the phosphatase active site. 

The behaviour of the mutants K125X and K125E could be due to these mutations being 

found on the phosphatase active site of the PTEN gene. The mutation in the phosphatase 

active site leads to altered function. Detailed structural analyses of the human PTEN 

protein have revealed that the invariant basic residue, Lysl25 is likely to interact with 

the phosphate groups at positions DI and D5 of the inositol ring, respectively [Lee et 

al., 1999], The predictions based on the PTEN structure were fully consistent with the 

results of a mutagenesis study by Maehma et al. (2001 )[Maehama et al., 2001]. 

Disruption of the interaction between Lysl25 and the DI phosphate would be expected 

to reduce the affinity of PTEN for all phosphoinositides that contain a phosphoryl group 

at the DI position, as reported by Maehma et al (2001) [Maehama et al., 2001]. The 

molecular modelling of the PTEN structure with the PIP3 soluble head group analogue 

inositol 1,3,4,5-tetrakisphosphate indicates that Lys 125 and Lysl28/His93 are 

positioned to coordinate the DI and D5 phosphate groups ol the inositol ring, 

respectively, via charge—charge interactions [Lee et al., 1999], The PIEN mutants in 

which Lys 125 and Lys 128 have been substituted with Met display a substantial 

decrease in lipid phosphatase activity, which further supports the concept that charge 

interactions are critical determinants for PTEN specificity toward PIP3 activity [Lee et 

al., 1999], This could be the possible mechanism for alteration of cell proliferation
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suppression in the K125E and K125X mutations.

The mutants E150Q, D153N and D153Y behaved like phosphatase deficient mutants in 

HCTl 16 cells. Only D153N behaved like a phosphatase deficient mutant in U87MG 

cells and E150Q and D153Y behaved like wild-type mutants in U87MG cells. These 

mutant codons are localised in the N-terminal phosphatase domain, which has an 

important biological role in lipid and protein phosphatase activity of PTEN protein. This 

domain is defined by the first 185 amino acids of the PTEN gene [Eng, 2003]. In the 

literature, approximately 30% of all germ-line and somatic mutations have been 

determined in this catalytic core. In vitro studies have shown that PTEN mutations that 

occurred in the catalytic core motif caused loss of lipid phosphatase activity [Eng, 

2003], This in turn probably leads to increased cell survival and proliferation in these 

mutations occurring in the phosphatase domain.

The mutants V217A and 319X behaved like phosphatase deficient mutants in HCTl 16 

cells in a cell proliferation assay. The V217A mutation behaved like WT in U87MG 

cells. The mutation V217A is a missense mutation and 319X a truncated mutation; both 

are located on the C-terminal domain. These regions are known particularly as hot spots 

for mutations that result in C-terminal truncation ol PTEN. Although the exact 

mechanism by which these mutations contribute to human disease is unclear, C-terminal 

truncation of PTEN is likely to result in its rapid degradation [Maehama et al., 2001], 

These inactivation mechanisms tor nonsense and frameshift mutations occur near the 

C2 domain-C-tail junction (from Thr-319 to Arg-335); this is another hot spot for 

tumour-associated mutations, and employs a relatively complicated mechanism for the 

PTEN inactivation. These mutants retain the intact phosphatase domain and most of the 

C2 domain, implying these truncated forms of PTEN would be biochemically active. 

However, when expressed in cells, these truncated PTEN proteins completely lose their 

function. In fact, C-tail deletion and phosphorylation-resistant mutants are known to 

become quite unstable and undergo rapid degradation in cells [Miller et al., 2002]. The 

involvement of the proteosome in the degradation and regulation of the functions of 

short-lived proteins, including oncoproteins, tumour suppressors, and cell cycle proteins 

has been described extensively [Ciechanover, 1994; Coux et al., 1996; Lee and 

Goldberg, 1998], Thus, regulated degradation of PTEN via the proteasome could be 

envisaged as a major physiological mechanism that controls the amount of PTEN in
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specific cell types and tissues. In this context, it has been reported that C-terminal 

truncation mutants of PTEN have shorter half-lives than the wild-type molecule and 

may promote cell proliferation [Georgescu et al., 1999; Tolkacheva and Chan, 2000], 

The missense mutation V217A is located within the C-terminal domain of the protein. 

This region is also essential for tumour suppressor function, and partial or total absence 

of phosphatase activity has been demonstrated to result from amino acid changes 

outside the phosphatase domain [Georgescu et al., 1999] [Han et al., 2000], This was 

demonstrated by the V217A mutation behaving like a partial loss of function mutant in 

this assay.

These results demonstrate these mutations have functional consequences because the 

mutant molecules allow cells to proliferate at much higher levels and do not induce 

apoptosis. Given that mice with a targeted PTEN mutation on one allele and a wild-type 

PTEN molecule on the other allele show abnormalities [Di Cristofano et al., 1999; Di 

Cristofano et al., 1998], the heterozygous nature of these mutations in patients does not 

diminish the importance of the functional findings in colorectal tumourigenesis. The 

functional consequences of these mutations found in this study may help explain why 

the tumour arose. However, it seems likely that these mutations also have functional 

consequences in the tumour. Competition for limited substrates or associated molecules 

may interrupt normal PTEN function sufficiently to lead to increased proliferation and 

diminished apoptosis [Staal et al., 2002],
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Chapter 7

7.1 FINAL DISCUSSION

The tumour-suppressor function of PTEN has been associated with its ability to 

dephosphorylate phosphoinositides at position D3 of the inositol ring and to antagonise 

the PI 3-kinase/Akt antiapoptotic pathway [Maehama and Dixon, 1998; Stambolic et al., 

1998]. In a report by Nassif et al. [Nassif et al., 2004], (2004), in 19.5% of sporadic 

colorectal tumours where PTEN gene mutations were detected all but one were 

microsatellite stable (MSS). The work by Nassif et al. (2004)[Nassif et al., 2004] forms 

the basis of this current work. The mutations detected in the primary tumours cluster 

mainly in exons 3, 4, 5, 7 and 8. The mutants K62R, Y65C, K125E, K125X, E150Q 

D153N and D153Y occur in the N-terminal phosphatase domain and the V217A, 319X 

and N323K mutants lie in the C-terminal domain of PTEN [Nassif et al., 2004], These 

novel mutations were characterised in this current study.

To determine if these 10 novel mutations showed any functional alteration, the mutants 

were expressed in U87MG and HCTl 16 cells. The functional alteration of some of the 

PTEN mutants is different in U87MG cells compared to HCTl 16 cells (Table 7.1).
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Table 7.1 Cellular effect(s) of exogenously expressed wild-type and mutant PTEN in U87MG and 
HCTl 16 cells.

PTEN Cell Line Cell Cycle 
Inhibition

Cell proliferation Akt/pAkt #Subcellular
localisation

WT
WT

U87MG 
HCTl 16

Inhibition
Inhibition

Decrease
Decrease

Suppression
Suppression

C = N

C124S
C124S

U87MG 
HCTl 16

No inhibition
No inhibition

Increase
Increase

No suppression
No suppression

C>N

G129E
G129E

U87MG 
HCTl 16

No inhibition
No inhibition

Increase
Increase

No change
No change

C>N

K62R
K62R

U87MG 
HCTl 16

Inhibition
Inhibition

Decrease
Decrease

Suppressed
Suppressed

C = N

Y65C
Y65C

U87MG 
HCTl 16

Intermediate
Intermediate

Increase
Decrease

Intermediate
Intermediate

C = N

K125E
K125E

U87MG 
HCTl 16

Intermediate
No inhibition

Increase
Increase

No suppression
No suppression

C>N

K125X
K125X

U87MG 
HCTl 16

No inhibition
No inhibition

Increase
Increase

No suppression
No suppression

C>N

E150Q
E150Q

U87MG 
HCTl 16

Inhibition
No inhibition

Decrease
Intermediate

Suppressed
Suppressed

C = N

D153N
D153N

U87MG 
HCTl 16

No inhibition
No inhibition

Increase
Increase

No suppression
No suppression

C>N

D153Y
D153Y

U87MG 
HCTl 16

Inhibition
Intermediate

Decrease
Intermediate

Suppressed
Intermediate

C = N

319X
319X

U87MG 
HCTl 16

No inhibition
No inhibition

Increase
Increase

No Suppression
No suppression

C = N

N323K
N323K

U87MG 
HCTl 16

Inhibition
Inhibition

Decrease
Decrease

Suppression
Suppression

C = N

V217A
V217A

U87MG 
HCTl 16

Inhibition
Intermediate

Decrease
Intermediate

Suppressed
Intermediate

C = N

# Subcellular localisation work was undertaken by Lobo (2005) [Lobo, 2005], Key: C - cytoplasmic 
localisation, N - nuclear localisation. C=N indicates equal localisation on both cytoplasm and nucleus. 
An intermediate mutant is a mutant that did not behave like a WT or phosphatase deficient mutant.
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The mutant Y65C behaved like a partial loss of function mutant in both U87MG and 

HCTl 16 cell lines. It had an intermediate activity for suppression of endogenous pAkt 

in both U87MG and HCTl 16 cells (Figures 7.1, 7.2). The Y65C mutant did not bring 

about a similar level of cell cycle inhibition as WT in both cell types (Table 7.1). It 

displayed an increased cell proliferation in U87MG cells, like the C124S and G129E 

phosphatase deficient control mutants. In contrast, in HCTl 16 colon cancer cells the 

cell proliferation function of the Y65C mutant was similar to WT PTEN. The reason for 

this could be that both the Y65C and K62R mutations were found together in the 

original tumour. Both of these mutations have single PTEN alleles affected with 

reduced PTEN expression [Nassif et al., 2004],

It could be hypothesised that the alteration of function of mutant Y65C in both U87MG 

and HCTl 16 cell lines follows the same pattern as the Y68H mutant. Georgescu et al. 

(2000) [Georgescu et al., 2000] reported that mutations within the C2 domain decrease 

protein stability. They also investigated whether a similar effect is induced by mutations 

predicted to disrupt the core of the phosphatase domain. The Y68 residue belongs to a 

[Tstrand that is pail of the phosphatase domain hydrophobic core and is frequently 

mutated in cancer to histidine [Chiariello et al., 1998] or cysteine [Rhei et al., 1997], 

Most importantly, from all of the investigated mutations, Y68H is also replaced with 

histidine in the PTEN pseudogene [Dahia et al, 1998, Kim et al., 1998], The Y68H 

mutation reduced PTEN stability, which was similar to the C2 domain core mutations, 

and decreased the tumour-suppressor activity of PTEN, indicating that misfolding of 

both domains has a destabilizing effect on the entire protein [Georgescu et al., 2000]. 

Recent work by Lobo et al. (2009) [Lobo et al., 2009] has indicated the regions K62R 

and Y65C contain specific charged residues that may be involved in ATP-binding. 

Mutation of the lysine residue at amino acid 62 to arginine (K62R) leads to the 

introduction of an additional positive charge, which may require more energy for ATP 

to dissociate. Similarly, the change at residues 65 and 68 from tyrosine to cysteine may 

provide for the opportunity of an additional disulphide (-SH) bond, which could require 

more energy for cellular traffic.

The mutants K125E and K125X behaved like the known phosphatase deficient mutants 

C124S and G129E in both U87MG and HCTl 16 cells, in all three assays - endogenous 

pAkt phosphorylation, cell cycle inhibition and cell proliferation (Figures 7.5, 7.6).
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The 125 position on the PTEN gene lies in the phosphatase active site. The mutants 

K125X and K15E could have been altered because these mutations lie on the 

phosphatase active site of the PTEN gene; thus mutation in the phosphatase active site 

leads to altered function. Detailed structural analyses of the human PTEN protein have 

revealed that the invariant basic residues, Lys 125 and Lys 128, are likely to interact 

with the phosphate groups at positions DI and D5 of the inositol ring, respectively [Lee 

et al., 1999]. The disruption of the interaction between Lysl25 and the DI phosphate 

would be expected to reduce the affinity ol PTEN for all phosphoinositides that contain 

a phosphoryl group at the DI position, as reported by Maehma et al. (2001) [Maehama 

et al., 2001]. The molecular modelling of the PTEN structure with the PIP3 soluble head 

group analog inositol 1,3,4,5-tetrakisphosphate indicates that Lys 125 and 

Lysl28/His93 are positioned to coordinate the DI and D5 phosphate groups of the 

inositol ring, respectively, via charge—charge interactions [Lee et al., 1999]. PTEN 

mutants in which Lys 125 and Lys 128 have been substituted with Met display a 

substantial decrease in lipid phosphatase activity, which further supports the concept 

that charge interactions are critical determinants for PTEN specificity toward PIP3 [Lee 

et al., 1999], This could be the reason for functional alteration.

The modification of lysine residues within the catalytic pocket may be due to a possible 

mechanism that interferes with substrate binding [Lee et al., 1999], However, Lys 125 

and Lys 128 are located in the flexible catalytic domain P-loop structure [Lee et al., 

1999], which suggests the addition of small acetyl groups would not physically impede 

interaction with substrate. Alternatively, acetylation of these lysine residues might cause 

the loss of a positive charge in the catalytic cleft known to be required for selectivity of 

the negatively charged PI(3,4,5)P3 substrate, as well as its orientation within the cleft 

[Lee et al., 1999], This could be one of the reasons for functional alteration. No 

acetylation study was completed on these mutants but this could be one ol the reasons 

for functional alteration.

The K125X is a truncated mutant in the phosphatase domain. The phosphatase domain 

also frequently receives a number of tumour-associated nonsense and Irameshilt 

mutations [Ali et al., 1999; Maehama, 2007; Maehama et al., 2001], These mutations 

induce early termination ol translation, resulting in the production of unstable messages 

and/or immature gene products, which are no longer able to form a functional
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phosphatase domain and absolutely lose phosphatase activity [Maehama, 2007]. 1 his 

could explain the functional alteration in this mutant.

The mutant E150Q behaved like WT in U87MG cells for the endogenous pAkt 

phosphorylation, cell cycle inhibition and cell proliferation (Figures 7.5, 7.6). It 

behaved like a partial loss of function mutant in the cell proliferation assay in the 

HCTl 16 cell line. The hypothesis for this alteration could be that in the onginal tumour 

E150Q, which has a mutation in both of the PTEN alleles, had reduced PTEN 

expression with biallelic inactivation [Nassil et al., 2004]. In a report by Ma et al. 

(2005) [Ma et al., 2005] on a prostate cancer model, as well as in the other models, 

biallelic PTEN inactivation caused an increased proliferation rate of prostate epithelial 

cells, indicating an important contribution to tumourigenesis [Backman et al., 2004; 

Wang et al., 2003], Surprisingly, even the inactivation of just one PTEN allele has a 

dramatic impact on the survival and proliferation of selected cell populations, such as 

lymphocytes, at least in a mouse model [Di Cristofano et al., 1999]. This mutant E150Q 

is in the N-terminal phosphatase domain, which has an important biological role in lipid 

and protein phosphatase activity of the P TEN protein. This domain is defined by the 

first 185 amino acids of the PTEN gene [Eng, 2003], In the literature, approximately 

30% of all germ-line and somatic mutations have been localised in this catalytic core 

motif [Eng, 2003]. In vitro studies showed that PTEN mutations occurring in the 

catalytic core motif caused loss of lipid phosphatase activity [Eng, 2003], This in turn 

probably leads to increased cell survival and proliferation for cells with E150Q mutant. 

The mutant D153N consistently behaved in a similar way to the phosphatase deficient 

mutants throughout all three cellular functional analyses in both U87MG and HCTl 16 

cell lines (Figures 7.1, 7.2). Many of the effects of PTEN on cell growth, proliferation 

and survival are believed to be mediated through its inhibition ol the PtdlnsPi- 

dependent protein kinase Akt [Manning and Cantley, 2007], The mutant D153N codons 

are localised in the N-terminal phosphatase domain, which has an important biological 

role in lipid and protein phosphatase activity of the PTEN protein [Eng, 2003], Also, an 

extensive analysis of the effects of tumour-derived point mutations on the phosphatase 

activity of PTEN has revealed that the great majority of such mutations stops (81%) or 

greatly decreases (10%) phosphatase activity [Han et al., 2000], The great majority of 

PTEN mutations in sporadic tumours, and possibly all mutations in PTTTV-associated 

inherited conditions, fall into the classes that interfere directly with enzymatic activity. 

However, the work of Han et al. (2000)[Han et al., 2000] and other studies have shown
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that a small fraction of tumour-derived mutants retain strong phosphatase activity in 

vitro, indicating these mutations interfere with other aspects of PTEN's function 

required for the enzyme to act efficiently as a tumour suppressor in cells. In the 

literature, 30% of all germ-line and somatic mutations have been detected in this 

catalytic core. In vitro studies showed that PTEN mutations that occurred in the 

catalytic core motif caused loss of lipid phosphatase activity [Eng, 2003], From the 

functional analysis and previous genetic and structural analyses, it is suggested PTEN 

phosphoinositide phosphatase activity is an important tumour-suppressive function of 

PTEN. This could be the possible explanation for alteration of function in this mutation.

The mutant D153Y behaved differently to the mutant D153N, with D153Y causing a 

single amino acid change, aspartic acid to tyrosine, whereas D153N changes aspartic 

acid to asparagine. The mutant D153Y behaved like WT in suppression of endogenous 

pAkt phosphorylation, cell cycle inhibition and cell proliferation in the U87MG cell line 

(Figure 7.1). In contrast, it behaved like a partial loss of function mutant for suppression 

of endogenous pAkt phosphorylation and cell cycle inhibition and behaved like a 

phosphatase deficient mutant in the cell proliferation assay in HCT116 cells (Figure 

7.2).

This could be because the D153Y mutation was also found in conjunction with another 

missense mutation, V217A, in the original tumour [Nassif et ah, 2004], Interestingly, 

the two mutations D153Y and V217A have behaved similarly in all three cellular 

analyses, which indicates the partial alteration of function (Figures 7.1, 7.2). The 

D153Y mutation and the V217A mutation showed reduced PTEN expression in the 

original tumour and a single allele of both the D153Y and V217A mutations has been 

reported to be inactivated [Nassif et ah, 2004], Inactivation of just one allele in a group 

of tumour-suppressor genes, including PTEN, is sufficient to permit the formation of a 

tumour [Payne and Kemp, 2005], In mice, PTEN haploinsufficiency accelerates 

tumourigenesis in various cancers [Saal et ah, 2008]. Decreased PTEN activity has also 

been identified in several human cancers [Baker, 2007], This could explain the 

alteration of function.

The point mutation V217A occurs in the C-terminal domain. There are reports 

suggesting that C-terminal point mutations have been shown to destabilize the predicted
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secondary structure, resulting in haploinsulficiency, and to at feet phosphatase function 

[Georgescu et al., 1999], It is reported that the C-terminus of PTEN can also regulate 

the stability of PTEN through potential phosphorylation sites identified in this region 

between the C2 domain and the PDZ-binding sequence [Georgescu et ah, 1999; Torres 

and Pulido, 2001; Vazquez et ah, 2000], The C-terminal region of PTEN is also 

essential for tumour-suppressor function, and the partial or total absence of phosphatase 

activity has been demonstrated to result from amino acid changes outside the 

phosphatase domain [Georgescu et ah, 1999; Han et ah, 2000], In the experiments of 

Georgescu et al (1999) and Han et al (2000), PTEN was noted to affect growth in vitro 

through the induction of a Gi_S cell cycle arrest. Indeed, mutations in the C2 domain 

have been demonstrated to block the productive association of PTEN with membrane 

Ptdlns without blocking the ability to dephosphorylate Ptdlns in solution [Georgescu et 

ah, 1999],

The study by Georgescu et al. (2000) [Georgescu et ah, 2000] also demonstrated that 

mutations at the level of the loops connecting the B-strands of the C2 domain are not 

expected to cause large-scale destabilization of the folded state of PTEN. Rather, it is 

likely that these mutations will create local structural defects involving small shifts in 

local elements or the local loss of structure. Georgescu et al. (2000) introduced these 

tumour-derived mutations in almost every loop of the C2 domain and found they 

invariably affected the tumour-suppressor function. Almost all of the changes also 

destabilized the protein to different extents, indicating an alteration of the folding 

[Georgescu et ah, 2000]. However, four of six examined loop mutations, LI86V, 

S227F, K289E, and D331G, did not significantly change the PTEN growth-suppression 

in the U87MG glioblastoma cell line. Only two of the loop mutations, G251C and 

P204S, impaired PTEN tumour-suppressor function. However, these findings would 

appear to be related, as the experiments with the V217A C-terminal missense mutant 

have shown it to behave like a partial loss of function mutant. It could be hypothesised 

that it follows the same pattern as two of the loop mutations, G251C and P204S.

The mutant 319X is a truncated mutant in the C-terminal domain. It also behaved like 

the known phosphatase deficient mutants C124S and G129E in both U87MG and 

HCT116 cells in all three assays - endogenous p-Akt phosphorylation, cell cycle 

inhibition and cell proliferation (Figures 7.1, 7.2).
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One mechanism reported by Maehama et al. (2007)[Maehama, 2007] was that these 

easy-to-imagine inactivation mechanisms, nonsense and frameshift mutations which 

occurred near the C2 domain—C-tail junction (from Thr-319 to Arg-335), another hot 

spot for tumour-associated mutations, employ a relatively complicated mechanism for 

PTEN inactivation. These mutants retain the intact phosphatase domain and most of the 

C2 domain, implying these truncated fonns of PTEN would be biochemically active. 

However, when expressed in cells, these truncated PTEN proteins completely lose their 

ability to suppress PI3K/PIP3 signals, presumably due to the lack of functional 

modules, the C-tail and the PDZ-binding motif, downstream of the C2 domain 

[Georgescu et al., 1999; Georgescu et al., 2000] [Koul et al., 2002] [Tolkacheva et al.,

2001] . Moreover, many C-terminal truncated forms of PTEN have been found in the 

Cowden syndrome due to the generation of a stop codon from a single base substitution 

[Agrawal et al., 2005; Iida et al., 1998a; Iida et al., 1998b; Kanaseki et al.,

2002] ;[McGarrity et al., 2003]. It was observed that, relative to the wild-type PTEN, all 

the C-terminal mutants had decreased protein expression levels because of a more rapid 

degradation; this may the mechanism (or at least a hypothesis) for the inactivation of the 

tumour-suppressor function. Rapid degradation is a regulatory mechanism for the 

inactivation of the tumour-suppressor function, also described by Kubbutat et al 

[Kubbutat and Vousden, 1998], The analysis of tumour specimens, tumour cell lines, 

and model organisms defective in PTEN protein expression has shown that the 3- 

phosphoinositide phosphatase activity of PTEN toward the phospholipid 

phosphatidylinositol 3,4,5-trisphosphate is crucial for the control of cell growth, cell 

cycle, cell motility and migration, and apoptosis [Caffrey et al., 2001],[Yamada and 

Araki, 2001],[Leslie and Downes, 2002] [Goberdhan and Wilson, 2003].This could be 

the possible reason for the 319X truncated mutant behaving like a phosphatase deficient 

mutant in the three functional assay analyses

In conclusion, I have identified PTEN mutant showing functional alteration in both 

U87MG and HCT116 cell lines. Some of the mutant PTEN exhibited alteration in the 

three functional cellular analyses. It would be interesting to interpret the molecular 

mechanisms of this alteration in more detail, and to determine precisely how the mutant 

PTEN, which were compared to wild-type PTEN, might be involved in the colorectal 

tumourigenesis pathway. PTEN is a multifunctional protein with many potential
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molecular roles in cancer progression. The research described in this thesis has strongly 

implied the role of PTEN in colon tumourigenesis and identified the functional 

alteration of ten PTEN mutations in three functional analyses. An exciting area of future 

research will be further defining these functional alterations, which have significance in 

cancer progression and development. The molecular and functional dissection of the 

interaction of PTEN with its regulators will help to explain how the control of PTEN 

functions may coordinate tumour development.
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Figure 7.1 Distribution of colon cancer-specific mutations found in PTEN and their level of 
functionality. These were observed in a) functional assays for p-Akt suppression and cell cycle inhibition 
when compared to the wild-type PTEN and b) a functional assay for cell proliferation compared to the 
parental cell line. Graphs A B and C represent the U87MG cell line, x-axis: mutant amino acid numbers 
with the corresponding PTEN exon structure (green boxes) below; y-axis: numbers of mutations (% 
functionality of PTEN in the specific assay). The entire bar is representative of ten mutations within the 
exon found. ATG: start codon, TGA: stop codon. The U87MG cells’ AS PTEN was used as the control in 
all three assays. Each of the PTEN mutants was measured against WT PTEN activity.
Key to cells and mutants
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Figure 7.2 Distribution of colon cancer-specific mutations found in PTEN and their level of 
functionality. These were observed in a) functional assays for p-Akt suppression and cell cycle inhibition 
when compared to the wild-type PTEN and b) a functional assay for cell proliferation compared to the 
parental cell line. Graphs A B and C represent the HCT116 cell line, x-axis: mutant amino acid numbers 
with the corresponding PTEN exon structure (green boxes) below; y-axis: numbers of mutations (% 
functionality of PTEN in the specific assay). The entire bar is representative of ten mutations found 
within the exon. ATG: start codon, TGA: stop codon. The HCT116 cells’ AS PTEN was used as the 
control in all three assays. Each of the PTEN mutants was measured against WT PTEN activity.
Key to cells and mutants
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Chapter 8

8.2 Future directions as indicated by Preliminary microarray analysis

8.2.1 Introduction

The three functional cellular assays for PTEN functions of the ten novel mutations 

K62R, Y65C, K125E, K125X, E150Q, D153N, D153Y, V217A, 319X and N323K 

isolated from primary sporadic colorectal tumours indicated specific alterations in 

PTEN function, i.e. the inability to suppress phosphorylation of Akt, decreased ability 

to bring about cell cycle arrest and cell proliferation. This led to the understanding that 

these mutants have functional alteration of PTEN. This indicates a wider ranging 

approach is plausible to help determine the mechanism for these alterations, along with 

further functional cell biology approaches.

Most previous microarray work has been with cells that have been stably transfected 

with PTEN and PTEN constructs [Hong et al., 2000; Matsushima-Nishiu et al., 2001] 

Dupont et al, 2002; Li et al., 2003; Musatov et al., 2004].'The global gene expression 

associated with WT PTEN and untransfected U87MG cells had been completed by 

other authors [Stolarov et al., 2001 #2083; Wang et al., 2003], The preliminary work 

reported in this thesis sought to verify transient transfection for gene expression 

analysis. The first experiment in this research sought to check whether transient 

transfection has a gene expression profile. Identifying the role ol PTEN-regulated genes 

would be important in cancer research for possible targeted therapy.
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8.2.2 Gene expression procedure

For microarray analysis, cells were grown in DMEM supplemented with 10% FBS. The 

U87MG cells were transiently transfected with WT PTEN (section 2.9.1). Cells were 

harvested 40h after transfection. Cells were stored at -80°C until further use. Total RNA 

was first extracted by TRizol and then by using RNeasy kit (Qiagen); RNA quality was 

assessed by electrophoresis and Nanodrop (section 2.5.2 and 2.2.3; Figure 8.1).

This was a pilot study and preliminary experiment was done to check whether transient 

transfection would have some effect or not in U87MG cell line. There is a large amount 

of literature available for stable transfection and microarray analysis. So, we were 

comparing whether transient transfection would have any effect on gene up or 

downregulation in tumourogenesis. For this purpose we compared wildtype PTEN 

transfected and untransfected U87MG cells as control. For future work empty vector 

transfected, antisense control C124S and G129E controls will also be used.

All duplicate samples were subjected to a gene array (Whole transcript) with gene 

array- Affymetrix ® WT kit (using one colour labelling). The RNA samples were then 

submitted to the Ramaciotti Centre for Gene Expression Analysis at the University Of 

New South Wales, Sydney, Australia. Briefly, the quality of RNA samples was 

examined with the Agilent 2100 Bioanalyzer. Gene spring software was used for the 

image analysis of the microarray chips; images and data files were exported for 

normalisation and statistical analysis.This was further confirmed by genesifter software 

(figure 8.2)
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M i 2 3 4 5 6

Figure 8.1 Isolation of RNA for gene expression analysis. U87MG cells were transiently transfected 
with WT PTEN. The isolated RNA from WT PTEN and untransfected U87MG cells was electrophoresed 
on 1% agarose gels. Key: M - RNA size standards; lanes 1-4 are untransfected U87MG cells and lanes 
5-6 are WT PTEN RNA isolated from transiently transfected U87MG cells.
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U87MG U87MG WT PTEN WT PTEN

Figure 8.2 GC-RMA boxplot analysed by GeneSifter for experimental comparison. WT PTEN was 
transiently transfected into U87MG cells and parental U87MG samples for microarray analysis. These 
data are a representation of raw data from CEL files in replicates.
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Figure 8.3 Scatter plot analysis for upregulated and down regulated genes. This scatter plot 
represents the upregulated genes (red) and downregulated genes (green). The grey area represents genes 
that are not differentially expressed. This graph displays how many genes with the specific ontology term 
are in the gene list.
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8.2.5 Microarrav gene expression analysis

The gene expression analysis by GeneSifter gave a total of 1130 genes, with 588 

upregulated genes and 542 downregulated genes. The (Figure 8.4) shows the number of 

genes recovered from a pairwise statistical analysis of differential expression between 

untransfected U87MG cells and WT transfected cells. Overall, change in the gene 

expression profile was observed in the functional category: biological process (Figure 

8.4).

The genes found to be common to all biological processes are shown in Figure 8.4. The 

gene expression profiling did produce some unexpected lindings. The genes of the 

cholesterol biosynthesis pathway, namely HMG-CoA synthase, squalene synthase and 

F1MG Co A reductase were downregulated by PTEN expression in U87MG cells. These 

findings agree with Stolarov et al. (2001) where they have used the stable retroviral 

ecdysone-inducible system [Stolarov et al., 2001], This was a preliminary experiment 

for microarray gene expression with transient transfection. Future work should include 

more replicates and real time PCR to accommodate variability in gene expression 

patterns and ensure reproducibility.
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Totals z-score
Ontology Genes GO List Gene Set ■v
cellular process © © 597 313 284 11257 2.36 0.59
metabolic process © © 440 250 190 7774 4.91 -0.39
biological regulation © © 315 146 169 6966 -4.07 -0.48
regulation of biological process © © 295 132 163 6586 -4.49 -0.10
multicellular organismal process © © 178 57 121 3644 -4.74 3.78
localization © © 167 74 93 2998 -0.66 2.45
developmental process © © 149 50 99 3025 -3.84 3.15
establishment of localization © © 136 64 72 2561 -0.49 1.17
cellular component organization © © 131 65 66 2217 0.95 1.62
response to stimulus © © 122 56 66 2896 -2.67 -0.82
positive regulation of biological process © © 89 41 48 1498 0.26 1.89
negative regulation of biological process © © 68 29 39 1420 -1.48 0.66
cellular component biogenesis © © 66 41 25 887 3.82 0.65
biological adhesion © © 62 9 53 694 -2.26 8.94
anatomical structure formation © © 55 26 29 976 0.05 1.01
death © © 50 24 26 972 -0.34 0.39
immune system process © © 40 19 21 920 -1.12 -0.41
locomotion © © 29 9 20 450 -0.86 2.71
multi-organism process © © 25 9 16 574 -1.63 0.47
growth © © 24 12 12 358 0.86 1.06
reproduction © © 19 6 13 591 -2.52 -0.46
reproductive process © © 19 6 13 586 -2.49 -0.43
rhythmic process © © 3 1 2 85 -0.84 -0.08
cell killing © © 2 2 0 27 1.55 -0.83
viral reproduction © © 2 1 1 71 -0.65 -0.59
pigmentation - © 0 0 0 45 -1.11 -1.07

Figure 8.4 Diagrammatic representation of summary table of positive and negative regulation to 
biological processes. The pie chart of ontology term distribution is a display of the frequency of GO 
terms in the summary table. Up regulated genes (red arrow); down regulated genes (green arrow).
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The present study opened a new avenue for understanding the possible role of mutant 

PTEN in colorectal tumourigenesis. Additional more comprehensive experiments with 

replicates are needed to understand the complete scope of the biological functions of 

these mutants.

Many laboratories have used microarray analysis to identify PTEN regulated genes 

{Hong et al, 2000; Dupont et al., 2002; Matsushima-Nishiu et al., 2001; Stolarov et al., 

2001; Li et al., 2003; Musatov et al., 2004; Wang et al., 2003], Previous work on the 

U87MG cell line has all involved stable transfection [Stolarov et al., 2001]. In this 

preliminary microarray analysis, the U87MG cells lines have been analysed using 

transient transfection with WT PTEN. This preliminary study sought to check whether 

transient transfection would show any changes in gene expression profiles. The analysis 

of PTEN expression in U87MG cells with transient transfection confirms changes in 

gene expression profiles (Figure 7.6). This, if accurate, would indicate an additional role 

of PTEN in other genetic diseases related to the tumour-suppressor function. To my 

knowledge this connection for these pathways in relation to PTEN has not been 

addressed in the literature. This is just a preliminary finding; these experiments need to 

be repeated and additional experiments performed to confirm the findings.
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Conclusions

The significance of PTEN in cancer biology has been accepted. Recent advances further 

indicate that deregulation of PTEN function is involved in early stages of 

tumourigenesis, although its genetic mutation and deletion are mostly only identified in 

advanced tumours [Wang and Jiang, 2008]. The PTEN tumour suppressor has far- 

reaching effects in cancer biology, such as halting proliferation and cell cycle 

progression, as well as inducing apoptosis. In the field of cancer research, for colorectal 

cancers the model of the PTEN network is continually evolving, with interconnections 

to many other tumour-suppressor and oncogenic pathways being constantly unravelled. 

The PTEN network is almost universally signifying an increasing number of diverse 

mechanisms in cancer research being indentified. The different modes of PTEN loss in 

cancer lead to distinctive changes in signalling that are not always equivalent [Keniry 

and Parsons, 2008], Rather, each mode of PTEN pathway modification leads to a 

specific signalling environment that needs to be considered when classifying and 

treating cancer. The full extent of the consequences induced by PTEN/PI3K signalling 

changes is not fully known, but remains an exciting area for future research. It is already 

established that the PTEN/ PI3K status correlates with the efficacy of certain targeted 

chemotherapies. Different models have been put forward to explain the need loi PI EN 

for the effectiveness of certain targeted therapies [Keniry and Parsons, 2008]. Future 

work on the precise mechanisms encompassing the action of the PTEN network and 

targeted chemotherapies should be highly informative.

In summary, the results presented in this thesis provide clear evidence that the ten novel 

mutations K62R, Y65C, K125E, K125X, E150Q, D153N, D153Y, V217A, 319X and 

N323K tested in this research have altered function in colorectal tumourigenesis. It also 

identifies an alteration of function for these mutations in two different cell lines. 

Because loss of PTEN function is a common molecular abnormality in human cancer, 

defining its mechanism of growth suppression is of critical importance. The functional 

evidence presented here from expression studies and from analysis ol human sporadic 

colorectal tumour mutations demonstrate that PTEN functions to inhibit the PI3- 

kinase/Akt pathway, presumably through dephosphorylation of the PI3-kinase substrate 

PtdIns(3,4,5)P3. Therapeutic strategies that target the PI3-kinase/Akt pathway may be 

particularly effective in cancers lacking PTEN function because these tumours show 

higher levels of pathway activation.
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Finally, the results presented in this thesis have the potential to further our 

understanding of the role of these mutations in the newer functions in colon cancer. 

Additionally, a broad outline for future experiments with microarray that can extend the 

current findings has been detailed earlier in this (section 7.2).

In view of this potential outcome, the continued investigation of more functions is 

essential and may lead to the development of novel therapies for the management ot 

sporadic colorectal tumours. Additional work is required to provide the insight to 

further implicate these PTEN mutations in different regulatory mechanisms. All of the 

observations and hypotheses put forward in this research suggest there are more 

functional analyses and newer functions yet to be isolated that would further illustrate 

the role of PTEN in other regulatory pathways. These data and newer analyses would 

further illustrate the role of PTEN in colon tumourigenesis.
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Appendix I

List of reagent and suppliers 

Reagents and Suppliers
Table A2.2 Lists the reagents used in the experiments presented in this thesis. All 
of the reagents used were molecular biology or research grade.

Number List of reagent Suppliers
1 Agar
2 Ampicillin Sigma

3 Bis -Tris acrylamide gel Invitrogen
4 Bromophenol blue Sigma
5 BSA Sigma

6 cell culture freezing medium (Invitrogen)
7 chloramphenicol, Sigma
8 complete protease inhibitor cocktail and 

phosphatase inhibitor cocktail I and II
Roche Molecular
Biochemicals /Astral
Scientific).

9 Coomassie Blue G250 Bio Rad
10 diethylpyrocarbonate (DEPC) Sigma
11 DM EM Invitrogen

12 DNase and nuclease free water Qiagen
13 dNTP mix (dATP, dCTP, dGTP, dTTP) Sigma Genosys or Invitrogen

14 EDTA Sigma
15 Ethidium bromide Bio-Rad

16 FBS Invitrogen
17 Glycerol BDH Inc

18 Lipofectamine Invitrogen
19 L-Glutamine Invitrogen
20 (MES) buffer (20X) Invitrogen
21 Oligonucleotides Sigma Genosys or Invitrogen.
22 Optimem Invitrogen
23 Phosphate buffered saline (PBS) tablets Astral Scientific
24 PI Sigma

25 Restriction endonucleases New England Biolabs/Roche
26 RNAse A Invitrogen/Roche
27 RNase ZAP Ambion
Table continued on next page
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28 RNase free DNase Roche
29 RPM1 1640 Invitrogen

30 SDS Sigma/Bio-Rad

31 sodium chloride (NaCl) Astral Scientific
32 Spectinomycin Sigma
33 Sucrose Astral Scientific
34 Taq DNA polymerase Astral Scientific /Invitrogen

35 tryptone Sigma
36 Tris-EDTA (TE buffer 100X concentrate), Sigma
37 Tris Borate EDTA (TBE) (10X concentrate) Astral Scientific
38 TRIzol Invitrogen
39 Tween 20 Bio-Rad

40 X-gal Progen Industries

41 XTT (sodium 3'-[ 1-phenylaminocarbonyl)- (Roche Molecular
3,4-tetrazolium]-bis [4-methoxy- 6-nitro] 
benzene sulfonic acid hydrate) assay

Biochemicals).

42 xylene cyanol FF Sigma
43 Yeast Extract Sigma

44 B-mercaptoethanol Bio-Rad

45 X Hind III and X Pst 1 size standards, 100 bp MBI Fennentas/ Gene Ruler/
ladder, the Hyperladders IV and V, the 1 kb 
DNA ladder

New England Biolabs (NEB

46 Hind III size standard was prepared by (Roche Molecular
digestion of X DNA) with the enzyme Hind
Ilf

Biochemicals

47 The X Pst I MBI Fennentas
48 RNA size standard Promega
49 protein size standards the See blue plus 2 

and the Novex sharp prestained markers
Invitrogen.
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Table A2.3 Lists the cloning vector used in this thesis

List of Clonins vectors and respective suppliers
PCR-8/GW/TOPO TA Invitrogen.
pcDNA™6.2/cLumio™- DEST mammalian 
expression vecto

Invitrogen.

List of Competent cells and respective suppliers
TOPIO, DB3.1 and DH5a cells Invitrogen
XL-1 blue cells Stratagene.

List of antibodies and respective suppliers

PTEN monoclonal antibody (6H2.1) Cascade Bioscience
total Akt, phospho-specific Akt (Ser473) Cell Signalling Technologies
(3 actin Cell Signalling Technologies
Horseradish peroxidase (HRP) conjugated
IgG____________________________________

Sigma
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Table A2.4 Commercially available kits used in this study. 
Commercial Kits Supplier Name
(ECL) substrate kit ( Pierce)
Fluorescent In- gel detection kit ( Invitrogen)
Gene Tailor kit (Invitrogen)
High Pure PCR purification system kit(Roche Molecular Biochemicals) 

High Pure plasmid isolation system kit(Roche Molecular Biochemicals) 
In-gel detection kit( Invitrogen)
Jet spin gel extraction system kit(Genomed)
Jet Quick plasmid isolation system kit(Genomed)
JetPure PCR clean up system kit (Genomed Quick change kit (Stratagene) 
LR Clonase II enzyme (5X) (Invitrogen)
PCR 8 /TOPO -TA system (Invitrogen)
Plasmid Mini Kit (Invitrogen)
PureLink Quick Gel Extraction system kit (Invitrogen 
PureLink plasmid isolation system kit (Invitrogen 
Qiaprep Spin Kit Qiagen
Quick Change in vitro site directed mutagenesis system (Stratagene) 
RNeasy tissue kit (Qiagen)
Superscript III First Strand cDNA Synthesis System (Invitrogen).

195





Table A5.1 S phase distribution of U87MG, MCF-7 and HCT116 cells transfected with PTEN

Cell line PTEN % S phase distribution*

sequence 24 h 48 h 72 h

WT 85 78 78

U87MG C124S 96 91 91

WT 75 70 70

MCF-7 C124S 98 86 86

WT 79 64 64

HCT116 C124S 98 90 90

*These values represent the average values obtained from duplicate samples analysed in single 
experiments. These values were analysed using the Modfit software.

196



Table A5.2 S phase inhibition of U87MG cells expressing WT and mutant PTEN.

PTEN sequence % S phase inhibition#
Unpaired 't'test

Wild-type PTEN 37±0.4

C124S 12±0.2 0.001363098*
G129E 12±0.7 7.05167E-05*

AS 12± 1 0.003751223*
K62R 29±1.2 0.858961771
Y65C 21±0.7 0.007668554*

K125E 14±0.3 0.000169673*
K125X 6±1.3 0.044018545*
E150Q 30±1 0.167298217
D153N 12±1.3 0.074366832
D153 Y 35±0.7 0.20191056
V217A 33±0.6 0.367938495

319X 6±0.8 0.003477951*
N323K 32±0.9 0.036988444

This data is representative of two independent experiments with duplicate samples. Calculated using the 
formula presented in section 2.11 and rounded oft to the nearest whole numbers with standard error and 
mean. Statistical significance was determined by unpaired Student s /-test.*P<0.05, significant difference 
from WTPTEN.

The unpaired Student's /-test done on U87MG cell line expressing wt or Mutant PTEN 

indicated that PTEN contro mutant C124S, G129E , and AS PTEN had a significant 

difference in S phase inhibition compared to WT PTEN. Similarly mutant PTEN Y65C, 

K125E, K125X and 319X had a significant difference in S phase inhibition compared to 

WT (Table 5.2 in appendix page).
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Table A5.3 S phase inhibition of HCT116 cells expressing WT and

PTEN sequences % S phase inhibition# Unpaired t test

Wild-type PTEN 30±0.8

C124S 13±1.2 0.00162487*

G129E 13± 1.5 0.002975317*

K62R 26±1 0.185748959

Y65C 19± 1.4 0.000542568*

K125E 14± 1.7 0.008999423*

K125X 13±2.2 0.032000691*

E150Q 15±1.7 0.002477775*

D153N 15±1.7 0.006950959*

D153Y 18± 1.7 0.006950959*

319X 13±1.4 0.00739578*

V217A 18±1.1 0.002407471*

N323K 25±1.9 0.075755136

I Iiesc U&ld dlC ICfJICNClllcUl Vt Ul iww ------------------------- r - ' ^

the formula presented in section 2.11 and rounded otf to the nearest whole numbers with standard eiioi 
and mean. Statistical significance was determined by unpaired Student s Mest.*P<0.05, significant 
difference from WTPTEN.

The unpaired Student's f-test done on HCT116 cell line expressing wt and Mutant 

PTEN indicated that except for PTEN mutant K62R and N323K all the other PTEN 

mutant had significant S phase inhibition compared to WT PTEN ( table 5.3 in 

appendix page).
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TableA5.4: General linear model ANOVA amongst arcsine square root transformed % S phase
data for 14 mutant strains and a WTPTEN control strain in U87MG cells.

Source
Degree of 
freedom Mean Square F Sig.

mutant strain 13 0.100 4.424 .000

Error 42 0.023

Total 56
The Dunnett's post hoc test was done because there was a significant difference amongst the wild type 
and mutant strain and appropriate post hoc test were performed to where it lies. Transformed values do 
satisfies the assumption for residulas in analysis of variance. 1 he results of the Dunnett s post hoc test 
indicated that several mutants displayed significantly different arcsine square root transformed % S-phase 
data to the WTPTEN control strain (Table 5.5).
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Table A5.5: Dunnett’s test results comparing arcsine square root transformed % S phase data tor 
WTPTEN and 14 mutant strains. * indicates a significant difference at alpha = 0.05.

WTPTEN vs Mutant
strain P

*C124S 0.041

*ASPTEN 0.003

K62R 0.317

Y65C 0.991

K125EA 0.338

K125X 1.000

E150QA 0.623

D153YA 0.946

D153N 1.000

319X 0.840

N323KA 0.409

V217A 1.000
The general linear model ANOVA model for U87MG cells transfected with different mutant PTEN 
indicated that WTPTEN control mutants had significantly different %S phase results to C124S and AS 
PTEN.
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Table A5.6: General linear model ANOVA amongst arcsine square root transformed % S phase
data for 14 mutant strains and a WTPTEN control strain in HCT116 cells.____________

Source
Degree of 
freedomf Mean Square F Significance

DUMMY 13 .207 6.923 .000

Error 40 .030

Total 54

The Dunnett's post hoc test was done because there was a significant difference amongst the wild type 
and mutant strain and appropriate post hoc test were performed to where it lies. Transformed values do 
satisfies the assumption for residulas in analysis of variance. The results of the Dunnett's post hoc test 
indicated that several mutants displayed significantly different arcsine square root transformed % S-phase 
data to the WTPTEN control strain (Table 5.6).
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Table A5.7: Dunnett’s test results comparing arcsine square root transformed % S phase data for
WTPTEN and 14 mutant strains.* indicates a significant difference at alpha = 0.05.

WTPTEN vs Mutant strain P
*C124S .000
*G129E .001
*ASPTEN .000
K62R .999
*Y65C .008
*K125E .000
*K125X .003
E150QA .064
D153NA .031
D153Y .006
*319X .002
*N323K .000
V217A 1.000

The general linear model ANOVA model for HCT116 cells transfected with different mutant PTEN 
indicated significant differences in % S phase between W 1 PI EN,control mutants and P1 EN mutant 
C124S, G129E, AS PTEN, Y65C, K125E, K125X, D153Y, 319X and N323K.
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Table A6.1 Effect of WT and mutant PTEI\ expression on cell proliferation in U87MG cells
PTEN sequence Proliferation rate 

(AA/24h) 450nm
Relative cell proliferation rate#

Untransfected U87MG cells 0.5 ***** (100%)

AS 0.5 ***** (100%)

Vector 0.5 ***** (100%)

Wild-type PTEN 0.1 * (20%)

C124S 0.3 ***(60%)

G129E 0.3 ** (60%)

K62R 0.2 ** (40%)

Y65C 0.2 ** (40%)

K125E 0.5 ***** (100%)

K125X 0.5 ***** (100%)

E150Q 0.1 * (20%)

D153N 0.3 *** (60%)

D153Y 0.1 * (20%)

V217A 0.1 * (20%)

319X 0.4 **** (80%)

N323K 0.1 * (20%)

#Untreated U87MG cells had the highest proliferation rate and were assigned an arbitary proliferation 
rate of 100% represented by 5 asterisks. **** represents 100% proliferation rate to the untransfected 
U87MG cells scale for AA/24h. Each asterisk represents a 20% rate of cell proliferation relative to 
untransfected U87MG cells.
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Table A6.2 Effect of WT and mutant PTEN expression on cell proliferation in HCT116 cells
PTEN Sequence Proliferation rate 

(AA/24h) 450nm
# Relative cell proliferation 

rate
HCT116 cells untreated 0.5 ***** (100%)

AS 0.5 ***** (100%)

Vector 0.5 ***** (100%)

Wild-type PTEN 0.1 * (20%)

C124S 0.5 ***** (100%)

G129E 0.5 ***** (100%)

K62R 0.1 * (20%)

Y65C 0.2 ** (40%)

K125E 0.5 ***** (100%)

K125X 0.5 ***** (100%)

E150Q 0.4 ****(80%)

D153N 0.5 ***** (100%)

D153Y 0.4 ****(80%)

V217A 0.4 ****(80%)

319X 0.5 ***** (100%)

N323K 0.1 *(20%)

#Untreated HCT116 cells had the highest proliferation rate and were assigned an arbitary proliferation 
rate of 100% represented by 5 asterisks. **** represents 80% proliferation rate, relative to the 
untransfected HCT116 cells scale for AA/24h. Each asterisk represents a 20% rate of cell proliferation 
relative to untransfected HCT116 cells.
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Table A6.3 Rate of cell proliferation of LI87MG cells expressing WT and
mutant PTE1\______________________ _
Mutant SEM t test

Untransfected 1.4T0.5 2.183E-05*

U87MG cells

Vector only 1.5±0.6 4.86036E-07*

Wild type PTEN 0.6±0.2

C124S 0.8T0.3 0.014677*

G129E 0.6T0.2 0.572766

ASPTEN 0.7±0.3 0.26308

K62R 0.7T0.2 0.332307

Y65C
1.2T0.2 0.006885*

K125E 1.1T0.08 2.97951E-05*

K125X 0.7±0.2 0.112021

E150Q 0.6T0.3 0.886015

D153Y 1.2T0.02 4.6022E-07*

D153N 0.6T0.3 0.993876

V217A 0.7±0.2
0.131597

319X 0.9T0.09 0.000775*

N323K 1.0±0.01 0.009545*

These data are representative of three independent experiments with duplicate samples. The data 
represents standard error and mean. Statistical significance was determined by unpaired Student's t- 
test.*P<0.05, significant difference from WTPTEN.
The statistical significance with student's t test indicated that untransfected U87MG 

cells, vector only, C124S, Y65C, K125E, D153Y, 319X and N323K mutant had 

significant difference in rate of cell proliferation compared to WT PTEN (Table 6.3).
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Table A6.4 Rate of cell proliferation of HCT116cells expressing WT and
mutant PTEN

Mutant SEM t test

Untransfected HCT116 1.8±0.76 1.46891E-05*

cells

Vector only 1.3±0.09 0.00965767*

Wild type PTEN 0.5±0.05

C124S 1.1±0.1 0.000123*

G129E 0.7T0.03 0.010417*

ASPTEN 0.6T0.03 0.497784

K62R 0.6T0.05 0.82876

Y65C 0.6±0.06 0.199661

K125E 1.1±0.1 0.000578*

K125X 1.3±0.2 0.035066*

E150Q 0.6±0.02 0.302397

D153Y 0.7±0.08 0.037374*

D153N 0.6±0.01 0.15262

V217A 0.5±0.08 0.019175*

319X 0.7±0.06 0.012402*

N323K 0.5±0.09 0.006853*

These data are representative of three independent experiments with duplicate samples. The data 
represents standard error and mean. Statistical significance was determined by unpaired Student's t- 
test.*P<0.05, significant difference from WTPTEN

The statistical significance with student's t test indicated that untransfected HCT116 

cells, vector only, C124S, G129E, K125E, K125X, D153Y, V217A, 319X and N323K 

mutant had significant difference in rate of cell proliferation compared to WT PTEN 

(Table 6.4)
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Table A6.5 This data represents comparison of cell proliferation rate of WT and each of the mutant 
PTEN and control mutant in U87MG cell line

Comparison of rate of cell proliferation in U87MG cells expressing different P 1 EN mutant,
Wild tvpe(WT) and control mutant

Mutants UT Vect WT C124S Gf 29E AS

PTEN

K62R Y65C

U87MG) - 0.000* 0.000* 0.000* 0.000* 0.000* 0.000* 0.000*

Vector 0.000* - 0.000* 0.000* 0.000* 0.000* 0.000* 0.000*

WT 0.000* 0.000* - 0.000* 1.000 1.000 1.000 0.000*

C124S 0.000* 0.999 0.000* - 0.000* 0.000* 0.000* 1.000

G129E 0.000* 0.000* 1.000 0.000* - 1.000 1.000 0.000*

AS PTEN 0.000* 0.000* 1.000 0.000* 1.000 1.000 0.000*

K62R 0.000* 0.000* 1.000 0.000* 1.000 1.000 - 0.000*

Y65C 0.000* 0.999 0.000* 1.000 0.000* 0.000* 0.000* -

K125X 0.000* 0.000* 0.976 0.000* 0.999 1.000 0.999 0.000*

K125E 0.000* 0.000* 0.000* 0.000* 0.000* 0.000* 0.000* 0.000*

E150Q 0.000* 0.000* 1.000 0.000* 1.000 1.000 1.000 0.000*

D153N 0.000* 0.000* 1.000 0.000* 1.000 1.000 1.000 0.000*

D153Y 0.000* 0.000* 0.000* 0.000* 0.000* 0.000* 0.000* 0.000*

V217A 0.000* 0.000* 1.000 0.000* 1.000 1.000 1.000 0.000*

319X 0.000* 0.000* 0.000* 0.000* 0.000* 0.000* 0.000* 0.000*

N323K 0.000* 0.000* 0.951 0.000* 0.997 0.999 0.996 0.000*

This data also indicates that there were significant differences among WT and mutant PTEN. Any value 
below < 0.05 was considered significant. Asteriks indicates p < 0.05, UT ( Untransfected HC T116 cells), 
WT ( wildtype PTEN). Table continued on next page
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Comparison of rate of cell proliferation in U87MG cells expressing different PTEN mutant,
Wild type (WT) and control mutant

Mutants K125X K125E E150Q D153N D153Y V217A 319X N323K

UT 0.000* 0.000* 0.000* 0.000* 0.000* 0.000* 0.000* 0.000*

Vector 0.000* 0.000* 0.000* 0.000* 0.000* 0.000* 0.000* 0.000*

WT 0.976 0.000* 1.000 1.000 0.000* 1.000 0.000* 0.951

C124S 0.000* 0.000* 0.000* 0.000* 0.000* 0.000* 0.000* 0.000*

G129E 0.999 0.000* 1.000 1.000 0.000* 1.000 0.000* 0.997

AS PTEN 1.000 0.000* 1.000 1.000 0.000* 1.000 0.000* 0.999

K62R 0.999 0.000* 1.000 1.000 0.000* 1.000 0.000* 0.996

Y65C 0.000* 0.000* 0.000* 0.000* 0.000* 0.000* 0.000* 0.000*

K125X - 0.000* 0.978 0.906 0.000* 1.000 0.000* 1.000

K125E 0.000* - 0.000* 0.000* 0.723 0.000* 0.747 0.000*

E150Q 0.978 0.000* - 1.000 0.000* 0.000* 0.000* 0.955

D153N 0.906 0.000* 1.000 - 0.000* 0.998 0.000* 0.849

D153Y 0.000* 0.723 0.000* 0.000* - 0.000* 1.000 0.000*

V217A 1.000 0.000* 1.000 0.998 0.000* - 0.000* 1.000

319X 0.000* 0.747 0.000* 0.000* 1.000 0.000* - 0.000*

N323K 1.000 0.000* 0.955 0.849 0.000* 1.000 0.000* -
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Table A6.6 This data represents comparison of cell proliferation rate of WT and each of the mutant 
Of the mutant in HCT116 cells

Comparison of rate of cell proliferation in HCT116 cells expressing different PTEN mutant,
Wild type(WT) and control mutant

Mutants UT Vect WT C124S G129E AS
PTEN

K62R Y65C

UT - 0.000* 0.000* 0.000* 0.000* 0.000* 0.000* 0.000*

Vector 0.000* - 0.000* 0.001* 0.000* 0.000* 0.000* 0.000*

WT 0.000* 0.000* - 0.000* 0.885 0.980 0.995 0.014

C124S 0.000* 0.001* 0.000* - 0.024 0.008 0.004* .945

G129E 0.000* 0.000* 0.885 0.024 - 1.000 1.000

AS PTEN 0.000* 0.000* 0.980 0.008* 1.000 1.000 .505

K62R 0.000* 0.000* 0.995 0.004* 1.000 1.000 - 0.372

Y65C 0.000* 0.000* 0.014 0.945 0.759 0.505 0.372 -

K125X 0.000* 0.094 0.000* 0.977 0.000* 0.000* 0.000* 0.000*

K125E 0.000* 0.004* 0.000* 1.000 0.005 0.001* 0.001* 0.696

E150Q 0.000* 0.000* 0.428 0.167 1.000 0.999 0.996 0.990

D153N 0.000* 0.000* 0.970 0.010 1.000 1.000 1.000 557

D153Y 0.000* 0.000* 0.276 0.281 1.000 0.993 0.976 0.999

V217A 0.000* 0.000* 1.000 0.001* 0.999 1.000 1.000 0.123

319X 0.000* 0.000* 0.011 0.960 0.718 0.460 0.332 1.000

N323K 0.000* 0.000* 0.713 0.060 1.000 1.000 1.000 0.913

This data also indicates that there were significant differences among WT and mutant PTEN. Any value 
below < 0.05 was considered significant. Asteriks indicates p < 0.05,UT ( Untransfected HCT116 cells), 
WT ( wildtype PTEN) Table continued on next page.
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Comparison of rate of cell proliferation in HCT116 cells expressing different PTEN mutant,

Wild type(VVT) and control mutant

Mutants K125X K125E E150Q D153N D153Y V217A 319X N323K

UT(HCT11

6)

0.000* 0.000* 0.000* 0.000* 0.000* 0.000* 0.000* 0.000*

Vector 0.094 0.004* 0.000* 0.000* 0.000* 0.000* 0.000* 0.000*

WT 0.000* 0.000* 0.428 0.970 0.276 1.000 0.011 0.713

C124S 0.977 1.000 0.167 0.010 0.281 0.001* 0.960 0.060

G129E 0.000* 0.005 1.000 1.000 1.000 0.999 0.718 1.000

AS PTEN 0.000* 0.001* 0.999 1.000 0.993 1.000 0.460 1.000

K62R 0.000* 0.001* 0.996 1.000 0.976 1.000 0.332 1.000

Y65C 0.122 0.696 0.990 0.557 0.999 0.123 1.000 0.913

K125X - 1.000 0.002* 0.000* 0.004* 0.000* 0.142 0.000*

K125E 1.000 - 0.044 0.002* 0.087 0.000* .739 0.013

E150Q 0.002* 0.044 - 1.000 1.000 0.904 0.985 1.000

D153N 0.000* 0.002* 1.000 - 0.996 1.000 0.510 1.000

D153Y 0.004* 0.087 1.000 .996 - 0.783 0.998 1.000

V217A 0.000* 0.000* 0.904 1.000 0.783 - 0.104 0.989

319X 0.142 0.739 0.985 0.510 0.998 0.104 - 0.888

N323K 0.000* 0.013 1.000 1.000 1.000 0.989 0.888 -
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