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ABSTRACT

The tumour suppressor p53 gene was found either mutated or

functionally inactivated in around 50% of all human tumours. The MDM2

proto-oncogene has been unequivocally identified, through gene targeting in

mice, as a critical negative regulator of p53 function. Moreover, variousstudies

have reported MDM2 over expression in various tumours regardless of p53

status. MTBP was identified by our research group as an MDM2 binding

protein, and it was found to modulate MDM2-p53 loop by stabilising MDM2,

and down regulating p53 protein levels and activity. We have identified six

regions within MTBP that are highly conserved through evolution, which

suggest that they correspond to functional domains. Given the possible

oncogenic nature of MTBP, targeting such functional domains may have

intriguing opportunities for cancer gene therapy. Thus, we aimed to define a

minimal region of MTBP that might be amenable to functional and structural

analysis. Also, we set out to determine whether the pattern of MTBP

expression reveals any role in carcinogenesis, utilising a TMA of 200 HNSCC

cancer samples analysed by IHC andpreviously assessed for p53, and MDM2.

Ourresults indicate that the amino terminal 344 amino acids of MTBP defines

at present the minimal identifiable functional region of MTBP and harbours a

new MDM2interacting region. Statistical analysis of our cohort of HNSCC

samples showed that patients with possible p53 mutations (i.e. p53 over

expression and low MDM2)displayed a significantly lower survival rate than

other HNSCC patients (Piog-rank) = 0.035). Interestingly, losing MTBP

expression in those patients associated as well with reduced survival rates

(Prog-rank). = 0.004). In conclusion, the studies presented here expand our

understanding ofthe structure-function relationship of MTBP to MDM2 and

p53 and also reveal new andpotentially important connections between MTBP

and carcinogenesis in HNSCC.
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1. INTRODUCTION

The purpose of this thesis is to investigate the MDM2 binding protein

(MTBP)andits potential role in cancer. MTBP wasoriginally identified by our

research group as an MDM2-binding protein (Boydet al., 2000a). The MDM2

proto-oncogene has been unequivocally identified, as a critical negative

regulator of the tumour suppressor p53 (Momandetal., 1992, Jones etal.,

1995). Abouthalf of all human cancerseither have direct mutation of the TP53

gene or disruption of p53 function by other factors, such as MDM2

overexpression (Olineret al., 1992, Momandet al., 1992). In this introduction

I'll review basic information about cancer and carcinogenesis, the p53-MDM2

pathway and MTBPdiscovery andits effect on the p53-MDM2regulatory loop

with special attention to their role in head and neck cancers.

1.1. Cancer

One of many profoundly important tasks for each living organism is to

ensure faithful genetic transmission to successor generations. A cell reproduces

by performing a constitutive sequence of events referred to as the cell cycle,

during which the DNAis replicated only once during S phase followed by

distribution of identical chromosomal copies into two daughter cells during M

phase. Eukaryotic organisms have acquired a gap called Gl phase between

nuclear division (M phase) and DNA synthesis (S phase); and another gap

called G2 phase between S and M (Massague, 2004).
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Cellular DNA might encounter various DNA-damaging agents such as

viral infections, hypoxia, heat shock, reactive oxygen species, ionizing

radiation, or UV radiation, which may introduce mutations capable of

activating or up-regulating (through amplification for example) growth-

enhancing genes (proto-oncogenes) and/or inactivating growth-inhibitory genes

(tumour suppressor genes) which could provide the affected cell with a

selective growth advantageoverits normalcellular counterparts (Rajagopalan

and Lengauer, 2004, Corn and El-Deiry, 2002).

In attempt to avoid the potentially disastrous consequences of DNA

damage, cells have acquired the ability to halt cellular proliferation at three

major phases ofthe cell cycle to allow time for the repair of DNA damage

caused by different genotoxic stimuli and/or replication errors (Kastan and

Bartek, 2004). Hartwell and Weinert (1989) described these points as cell cycle

check points that either permit or restrain cell cycle progression in response to

homeostatic regulators or DNA damagestimulus. Thefirst check point occurs

at the progression from G1 into S phase, the second oneat the junction of G2

and mitosis, and the third checkpoint occurs within S phase (Kastan and Bartek,

2004).

Cell cycle progression through the check points is controlled mainly by

the activity of cyclins, cyclin dependent kinase (CDKs) complexes, which are

further modulated by CDKinhibitors which are interwoven with the actions of

the tumour suppressors p53 and RB. Most human cancers show uncontrolled

proliferation due to deregulated progression through the G1 phase, which is a

key point where cells decide whether to continue proliferation, to become

2
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quiescent, or to commit suicide through an active cell death process known as

apoptosis (Gali-Muhtasib and Bakkar, 2002).

The full cellular transformation from a normal cell into a malignant

invasive cancercell has been proposed to be driven by an accumulation of six

to ten consecutive genetic lesions with continuous clonal expansion selecting

for cancerous cells with increasingly aggressive invasive and metastatic

behaviour (Fearon, 1997, Bertram, 2000, Rajagopalan and Lengauer, 2004).

Large numberofstudies revealed that cellular homeostasis is governed

by anintricate array of proto-oncogenes and tumour suppressor genes which

govern cellular proliferation and differentiation. Many of these represent

exciting targets for the developmentof effective therapies with less devastating

side effects (Bertram, 2000).
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1.2. p53 The Tumour Suppressor Gene

The p53 gene spans approximately 15 kb on chromosome 17p13.1, it

encodes a 393 amino acid nuclear phosphoprotein, with a molecular mass of

approximately 53kDa (McBrideet al., 1986). p53 was identified in extracts of

simian virus 40 (SV40) transformed cells as a protein that been immune-

precipitated with SV40 large T antigen (Lane and Crawford, 1979, Linzer and

Levine, 1979). p53 was originally classified as an oncogene, particularly

because p53 over expression had been detected in a variety of virally and

chemically transformed cells. Also, in early studies it was found that p53

expression caused transformation of primary rat embryo fibroblasts (REFs)

(Parada et al., 1984). However, these transforming properties of p53 were

found to be associated with mutant p53 (Hindset al., 1989), and it has been

observed that expression of wild type p53 blocked the transforming effect of

other oncogenese.g. ras in cultured cells (Finlay et al., 1989). Moreover it was

observed that the p53 gene suffered frequent mutations and/or deletions in

numerous types of human carcinomas,collectively these observations led to

the realisation that p53 should be more correctly classified as a tumour

suppressor gene (Bakeretal., 1989).

1.2.1. Loss of p53 Function Increases the Likelihood of Developing

Cancer

Abrogation of the function of the p53 tumour suppressor has been

shown to be associated with cancer development in a number of different

studies using a range of systems. For example, mice deficient in p53 and
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humans with inherited p53 mutations such as Li-Fraumeni syndromepatients,

develop normally but frequently acquire a diverse set of tumoursearly in life

(Donehower, 1996, Malkin et al., 1990). In addition, approximately 50% ofall

human tumours have mutations which inactivate the p53 gene (7P53), which

suggests that there is a growth advantage for cells that lose the normal p53

tumour suppressive function during tumourigenesis (Hollstein et al., 1991,

Levine et al., 1991). p53 mutations - mostly missense point mutations - have

been found to affect certain hot spots in the gene, mainly between amino acids

residues 130-290 of the p53 coding sequence. Depending upon the affected

tissue, these mutations generate p53 mutants with dominant-negative (loss of

function) and/or dominant gain-of-function activity (acting as an oncogene)

(Bykovet al., 2003, Smith et al., 2003, Olive et al., 2004). The 7P53 gene has

more recently been found to be a member of a multi-gene family that includes

p63 and p73, with p53 being likely to be the latest homologous memberofthis

gene family to have evolved (Schmale and Bamberger, 1997, Kaghad etal.,

1997). Recently, it has been discovered that each of p53, p73 and p63 genes

express multiple splice variants from an alternative promoter and some of

which have been found to be expressed in human tumours and mayact in a

dominant-negative manner inhibiting for example p53-mediated apoptosis

(Bourdonetal., 2005).

In addition to direct mutation of the 7P53 gene, p53 activities have

been shown to be disrupted by other factors, such as the E6 viral oncoprotein

of the human papilloma virus (HPV) (Braakhuis et al., 2004), or by MDM2

over expression (Oliner et al., 1992, Momandet al., 1992), both of which
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suppress p53 activity and target it for destruction in proteasomes. Both

mechanisms have been shownto be involved in the tumourigenesis of a variety

of human cancers(see sections 1.3.4 and 1.5.5 for more detail).

1.2.2 Functional Domainsof p53

The amino terminus of p53 comprises a transcriptional activation

domain spanning residues 1 to 43 (Unger et al., 1992)(figure 1.2.1). This

region is relatively acidic and has been shownto interact with components of

the transcriptional machinery such as TATA-binding protein (TBP)(Seto et al.,

1992, Truant et al., 1993) and TBP-associated factors (TAFS) (Thut et al.,

1995). On the other hand, proteins such as MDM2 (Momandetal., 1992) and

MDMxX(Shvarts et al., 1996) can bind to the amino terminal transactivation

domain of p53 and concealits transcriptionalactivity.

The p53 amino terminus also contains a proline-rich domain between

61-75 residues (figure 1.2.1), important for p53 stability and incorporating a

Src homology 3-like (SH3) domain required for interaction of p53 with the

transcription co-repressor SIN3, which protects p53 from proteasomal

degradation and cooperates with p53 to down-regulate target genes (Walker

and Levine, 1996, Zilfou et al., 2001).

The majority of p53 mutations are located in the central region of the

protein (figure 1.2.1), which has suggested that this region is of paramount

importancein controlling/mediating p53 tumour suppressionactivity (Levineet

al., 1991). This p53 core domain harbours the sequence specific DNA binding
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domain (102 to 292 amino acids) (Choet al., 1994), which mediates p53-DNA

interaction and is required to activate the transcription of target genes(el-Deiry,

1998). It is also required for specific p53-protein interactions, such as with

members of the ASPP family (apoptosis-stimulating protein of p53) which

regulate the apoptotic function of p53 by direct interaction with p53 protein

(Bergamaschi et al., 2003). The core domain mediates p53 30 to 50

exonuclease activity as well, which may be involved in the prevention and

repair of DNA damage (Januset al., 1999b).

The carboxy-terminus of p53 contains three lysine-rich nuclear

localization signals (NLS) (Shaulsky et al., 1990) and a leucine-rich nuclear

export signal (NES) (Stommelet al., 1999) (figure 1.2.1) that regulate p53

subcellular localization (Freedman and Levine, 1998). There is also a

tetramerization domain spanning residues 324 to 355 (figure 1.2.1), which

mediates p53 oligomerisation necessary for p53 function and which also

masks the NES within the p53 tetramer leading to its retention in the nucleus

(Jeffrey et al., 1995, Stommelet al., 1999).

The carboxyl terminus of p53 also includes a lysine-rich region which

acts as a regulatory domain for p53-DNA binding activity (figure 1.2.1).

Regulation of this region is accomplished by various post-translation

modifications that can promote p53 stability and activity, such as acetylation

(Liu et al., 1999), SUMOylation (Gostissa et al., 1999) and methylation

(Chuikov et al., 2004) or mediate its degradation by ubiquitylation (Rodriguez

et al., 2000)see section 1.2.3.
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Figure 1.2.1 Schematic diagram showing the functional domains and

commonpost-translational modifications regulating p53. The bar represents

the 393 amino-acid p53 polypeptide. The N-terminal region consists of the

transactivation domain (TAD), and a proline-rich domain. The central core

contains sequence-specific DNA binding domain (DBD), and the C-terminal

end contains nuclear localization and export signals (NLS and NES,

respectively), a tetramerization domain (TET), and finally a regulatory domain

(REG).Illustrated are the commonpositions of phosphorylation ®), acetylation

2 , methylation ® , SUMOylation &”, and ubiquitylation W/ [modified from

(Appella and Anderson, 2001) and (Smith etal., 2003)].

1.2.3 Regulating p53 Levels

Normally the cellular concentration of the p53 protein is low due to a

short half-life of approximately 5-30 minutes, which is attributable mainly to

degradation in proteasomes promoted by MDM2-mediated ubiquitylation

(Levine, 1997). p53 protein levels have been shown to dramatically rise in
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response to diverse stresses such as ionizing radiation, UV radiation, growth

factor deprivation, hypoxia, oncogene activation, heat shock, or virus infection

(Smith et al., 2003, Levine et al., 2006).

Regulation of p53 levels appear to be primarily controlled through

protein stability, and this is regulated by post translation modification such as

phosphorylation, acetylation, ubiquitylation (Rodriguez et al. 2000),

SUMOylation (Gostissa et al., 1999), and methylation see figure 1.2.1(Smith et

al., 2003, Levineet al., 2006) (figure 1.2.1).

1.2.3.1 Phosphorylation of p53

Many studies have highlighted the impact of p53 phosphorylation at

several serine and threonine residues in activating and stabilizing p53. The

ataxia telangiectasia mutated kinase (ATM) phosphorylates p53 on serine 15

leading to enhanced p53-dependenttranscription of downstream target genes

involved mainly in apoptosis (Canmanet al., 1998, Dumaz and Meek, 1999).

Phosphorylation of p53 serine 15 was also found to be essential to promote

acetylation and a phosphorylation cascade leading to the modification of other

residues, such as threonine 18 by casein kinase (CK1). These modifications

have been shownto becritical for the abrogation of the p53-MDM2interaction

by phosphorylation (Sakaguchi et al., 2000). Moreover, the promyelocytic

leukaemia (PML) and ATM can activate check point kinases (Chk-2), which in

turn phosphorylate p53 on serine 20 which can also abrogate p53-MDM2

interaction (Chehabet al., 2000, Louria-Hayonet al., 2003).
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However, opposing effects of phosphorylation on p53 stability have

been reported. For example, phosphorylation of p53 Serine 315 (Katayamaet

al., 2004) or threonine 55 (Li et al., 2004a) were found to promote p53

degradation.

1.2.3.2 Acetylation and Methylation of p53

Several studies have suggested that acetylation increases p53 stability

and promotes its sequence-specific DNA-binding activity leading to increased

transcriptional activity (Barlev et al., 2001, Gu and Roeder, 1997). p300/CBP

and PCAFacetyl transferases have been shown to mediate acetylation of a

variety of transcription factors, including p53 (Ito et al., 2001). The prior

phosphorylation of p53 serine 15 in response to DNA damage wasfoundto be

essential to enhance the association between p53 and CBP/p300. p300 in co-

operation with CBP and/or PCAF promotes p53 cellular activity by acetylating

certain lysine residues in the carboxy- terminus of p53 (Liu et al., 1999) and/or

through inactivating of MDM2 by p300/CBP driven acetylation (Wanget al.,

2004). Onthe other hand, deacetylation of p53 by histone deacetylase (HDAC)

wasfoundto increase the rate of p53 degradation (Insingaet al., 2004).

Recently, it has been proposed that different p53 acetylation patterns

may differentially direct the pattern of expression of p53 target genes and

hence may dictate cell fate. Acetylation of lysine 320 promoted p53

transactivation of cell cycle arrest genes, such as p21" , while acetylation of

lysine 373 residue directes p53 to enhance pro-apoptotic genes, such as BAX

(Knights et al., 2006).
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Methylation of p53 is another post translation modification reported by

Chuikove and associates (2004), who observed that methylation of the lysine

residue at position 372 within the p53 carboxy terminal regulatory domain by

the histone methyl transferase (Set9), led to p53 stabilization and retention in

the nucleus, where it could orchestrate the transcription of downstream target

genes.

1.2.3.3 p53 Regulation by Ubiquitylation

Ubiquitin is a small polypeptide of 76 amino acids. It is conjugated to

lysine residues in target proteins by a cascade of enzymatic reactions. Firstly,

the ubiquitin molecule is activated by ubiquitin activating enzymes (E1), then

transferred to ubiquitin conjugation enzymes (E2), which in co-operation with

ubiquitin protein ligase (E3), and sometimes an (E4) mediate the final transfer

of the ubiquitin molecule to its substrate, rendering it recognizable and

degradable by proteasomes (Baek, 2003, Hoppe, 2005).

MDM2 has been identified as a critical negative regulator of p53

function (Momand et al., 1992). MDM2 possesses an E3 ubiquitin ligase

activity within its carboxy-terminal RING finger domain, which mediates p53

ubiquitylation (Hondaet al., 1997). A complex of p300 (the E4) with MDM2

can then catalyze the generation of the degradable poly-ubiquitylated p53

(Grossman et al., 1998). Mono-ubiquitylation of p53 by MDM2 canalso

facilitate nuclear export of p53, and this may contribute to cytosolic

degradation of p53 (Freedman and Levine, 1998). Other RING finger domain

containing proteins with intrinsic ubiquitin ligase activity, such as Pirh2 (Leng

1]
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et al., 2003) and COP1 (Dornanet al., 2004) have been reported to participate

in the negative regulatory network that targets p53 for ubiquitylation

independently of MDM2 but unlike MDM2 they have not be proven to be

essential negative regulators of p53 (Joneset al., 1995, Montes de Oca Lunaet

al.; 1995).

Recently, it was revealed that p53 ubiquitylation could be reversed by

the ubiquitin hydrolase HAUSP (herpes virus associated ubiquitin-specific

protease), which deubiquitylated and thus stabilized p53 (Lim et al., 2004).

Interestingly, ablation of HAUSP was found to stabilise and activate p53 as

well. To try to explain this apparent paradox, the authors proposed that

HAUSPis also required for MDM2stability under normal conditions and

therefore HAUSP ablation augmented MDM? self-ubiquitylation and

degradation, whichled to indirect p53 activation (Li et al., 2004b).

Various proteins have been foundto affect p53 stability and activity by

interaction with and/or modulation of MDM2activity. For example, proteins

such as ARF (Honda and Yasuda, 1999), and ribosomal protein L11 (Lohrum

et al., 2003), can bind to the MDM2acidic domain whichis also necessary for

MDM2 mediated ubiquitylation, and in so doing attenuate the negative

regulatory effect of MDM2 on p53. Moreover, other proteins exist which can

block MDM2activity via binding to p53. One example ofthis is 14-3-3 o,

which increases p53 stability by binding to its carboxyl terminus and blocking

MDM?mediated ubiquitylation and nuclear export (Yanget al., 2003).

12
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The promyelocytic leukaemia (PML) tumour suppressor gene has also

been found to activate p53 through direct interaction with p53 and/or MDM2

(Zhu et al., 2003). The effects of each of MDM2 or PML on p53 function were

determined bythe level of expression of each of them, such that high levels of

PMLcould overcome MDM2 mediated inhibition of p53 (Zhuet al., 2003).

Furthermore, PML could also interact with MDM2 and sequester it in the

nucleolus after DNA damage (Bernardi et al., 2004). PML-p53 positive

feedback loop has been proposed where p53 transactivates PML gene

expression in response to DNA damaging stimuli, and PMLin turn enhances

p53 activities by recruiting it to PML-nuclear bodies were it becomes activated

by CBP-dependent acetylation and Chk2-dependent phosphorylation (de

Stanchinaet al., 2004, Louria-Hayonet al., 2003).

1.2.4 The p53 Network

Variousintrinsic and extrinsic stress signals may perturb the cell cycle

and in so doing promote cellular tumourigenesis. p53 is a pivotal coordinator

for a network of genes and their products that recognize and communicate the

nature of such cellular stress. Activating p53 initiates changes in the

transcription of a number of target genes and the identity of these depends

upon the type and extent of the stress. p53 mayinitiate a transient cell cycle

arrest to restore cellular homeostasis, or at the other end of the spectrum of

responses p53 activation may cause cellular senescence or trigger an apoptotic

cascade to suppress or eliminate potentially tumourigenic cells (Vogelstein et

al., 2000, Harris and Levine, 2005).
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1.2.4.1 Cell Cycle Arrest and Cellular Senescence

p53 activation can induce Gl and G2 cell cycle arrest (reviewed in

(Dasika et al., 1999)). With respect to G1 arrest, this is achieved via

CIPI INK4A
1 6transactivation of the cyclin-dependent kinase inhibitors p2 , and pl

which prevent association between G1 specific cyclins (D and E) and cyclin

dependent kinases 4, 6 and 2 (CDK)and hence inhibits retinoblastoma protein

phosphorylation (Serrano et al., 1993, Dulic et al., 1994, Reed et al., 1994,

Sherr, 1996). This has the ultimate effect of preventing the release and

activation of the transcriptional regulator E2F, thus halting the cell from

entering the S phase (figure 1.2.2) (Namazie et al., 2002, Yanamotoet al.,

2002),

p53 can also induce G2 arrest through up-regulation of the transcription

of the target genes /4-3-3 o (Chan et al., 1999) and GADD45 (Wangetal.,

1999), which in turn inhibit the G2 to M phase transition through repressing

cyclin B1 and cyclin dependent kinase Cdc2 (figure 1.2.2) (Passalaris et al.,

1999, Taylor and Stark, 2001).
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Figure 1.2.2 p53 activation can induce G1 and G2 cell cycle arrest. p53

activation up-regulates CDK-inhibitor p21 which inhibits the release of E2F,

leading to cell cycle halt at G1. p21, GAAD45,and 14-3-3 o can inhibit cyclin

B1 and cyclin dependent kinase Cdce2 leading to G2 arrest modified from

(Shangary and Wang, 2008).

An alternative way that cells may arrest their proliferation is through

the process of senescence. This takes several forms. For example, cells may

reach replicative senescence through gradual telomere shorteningas a result of

cell doublings, or senescence may be a response to exposure to oncogenic

ls)
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stresses such as up-regulation of oncogenic Ras (Serranoet al., 1997) or Myc

(Grandoriet al., 2003). A number of senescence pathways have been described,

such as those defined by the p/6’*““/RB pathway, PTEN/p27*”"pathway, and

the ARF/p53/p21©! yathway (Bringold and Serrano, 2000).

p53 triggered senescence has been found to be associated with

increased PMLlevels (Ferbeyreet al., 2000, Pearson et al., 2000), which can

promote p53 activation (as described above under section 1.2.3.3) as a

consequence of Chk2-dependent phosphorylation at serine 20, and CBP-

dependent acetylation of lysine 382. p53 thus activated can promote an

increase in the expression of the CDK inhibitors ARF and/or pl6*** the

products of INK4a gene, which in turn would prevent RB phosphorylation,

thereby leading to growtharrest (Sherr, 1996, Bond et al., 1996, Pomerantz et

al., 1998).

1.2.4.2 Apoptosis

Apoptosis or programmedcell death may be the last resort to prevent

the proliferation of genetically unstable cells. Various genotoxic and cytotoxic

stimuli that activate p53 can induce apoptosis through both transcription

dependent andtranscription independent pathways (Schuler and Green, 2001,

Erster et al., 2004). It has been proposed that extensive and sustained DNA

damagingstress triggers a rapid first wave of apoptosis which is transcription

independent, this is then followed by a second slower wave which is

transcription dependent (Erster et al., 2004).
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The p53  transcription-independent apoptotic pathway was. first

suggested by Haupt and colleagues, (1995), who found that p53 deletion

mutants missing parts of the DNA binding domain and/or transactivation

domain retained the ability to induce apoptosis without binding to and

activating p53 response elements of downstream target genes (Hauptet al.,

1995a). Bennett and co-workers, (1998), suggested that a p53-enhanced

translocation of Fas receptor from the cytoplasmic golgi apparatus to the cell

surface was responsible for this transcription-independent apoptosis (Bennett et

al., 1998).

Notwithstanding the above, p53 has been well documentedto trigger

apoptosis through transcriptional-modulation of several Bcl-2 gene (B-cell

leukemia 2) family members (Miyashita et al., 1994, Chang et al., 1998,

Miyashita and Reed, 1995). In response to extensive cellular insult, p53

inhibits the anti-apoptotic activity of Bcl-2 by down regulating Bcl-2

expression. Moreover, p53 up-regulates the expression of Cdc42 GTPase

which consequently activates Jun N-terminal kinases (JNK) to phosphorylate

Bcl-2 and in so doing eliminates its inhibitory effect upon other pro-apoptotic

membersof the Bcl-2 family of proteins such as Bax and Noxa (Miyashita et

al., 1994, Zhaoet al., 2007).

In addition to releasing Bax from the inhibitory effect of Bcl-2, p53

directly activatesthe intrinsic apoptotic pathway by promoting the transcription

of Bax (Miyashita and Reed, 1995) and several other BH3 only membersofthe

Bcl family. For example, p53 can induce the expression of Noxa (Odaet al.,

2000), PUMA (p53 up-regulated modulator of apoptosis) (Yuet al., 2001), and
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the insulin like growth factor-binding protein-3 (IGF-BP3) (Buckbinderetal.,

1995). The latter antagonises the potentially carcinogenic effects of the insulin-

like growth factor-I (IGF-I) survival pathway (Buckbinder et al., 1995) and

promotes apoptosis. The Bax, Noxa, and PUMA proteins all promote

mitochondrial membrane permeability to facilitate the release of cytochrome c

and a group of soluble internal membrane proteins including the apoptosis-

inducing factor (AIF) (Joza et al., 2001). ATP dependent assembly of AIF with

cytochrome c and procaspase 9 creates the so called apoptosome and

autocatalytic cleavage of procaspase 9 to caspase 9 is the trigger which induces

a caspase cascadeleading to cell proteolysis (Zou et al., 1999).

p53 can also promote apoptosis via the extrinsic pathway through

enhancing the expression of a numberofcell surface receptor proteins which

belong to the tumour necrosis factor (TNF) receptor family, such as the Fas

(APO-1) and KILLER/DRS death receptors (Oehm et al., 1992, Wu etal.,

1997). Upon exposure to Fas ligand, the Fas receptor trimerizes and recruits

FADD(Fas-associated Death Domain), which in turn recruits and activates

caspase 8 forming a death-inducing signalling complex (DISC), whichtriggers

a sequential activation of procaspasesinto active caspases leading to apoptosis

(Wuet al., 1997, Sheikh et al., 1998, Bennett et al., 1998).
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1.3. Murine Double Minute 2 (MDM2) Proto-oncogene

Because of its powerful anti-proliferative activities, p53 is only

activated in response to stresses such as DNA damage, hence in unstressed

cells the p53 protein is maintained in an inactive unstable state with a half-life

ranging from 5 to 30 minutes due to continuous turnover of the protein mainly

through MDM2-mediated ubiquitylation and proteasomal degradation (Oren

and Levine, 1981, Reich et al., 1983, Momandetal., 1992, Levine, 1997).

Murine mdm2hasfirst identified in the 3T3-DM mousecell line as one

of three amplified genes associated with double minutes (DMs); small,

acentromeric extra-chromosomal nuclear bodies. In situ hybridization analyses

revealed that mdm] and mdm2 represented two distinct genes from mouse

chromosome 10, region C1-C3 (Cahilly-Snyderet al., 1987). Non-transformed

mouse NIH3T3cells and Rat2 cells were transfected by mdml, mdm2 or mdm3,

and only mdm2 over-expressing NIH3T3 and/or Rat2 cell transfectants showed

tumourigenic properties. mdm2 showed evolutionary conservation through

several eukaryotic species including homo sapiens, Chinese hamster, rabbit and

chicken (Fakharzadehet al., 1991). The human homologue MDM2 waslater

mapped to chromosome 12q13—14 (Olineret al., 1992).

Transgenic mice with homozygous deletion of mdm2 display early

embryonic lethality at around days 5-6 of embryogenesis (Joneset al., 1995).

This phenotype was completely rescued by concomitant homozygous deletion

of p53, thus proving that the embryo lethality was due to uncontrolled p53

activity (Jones et al., 1995). More recently, Mendrysa et al. (2003) have
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generated mice expressing a hypomorphic mdm2 allele, which express reduced

levels of endogenous mdm2 mRNA and Mdm2 protein. These mice showed

decreased body weight and an increased frequency of p53-dependent apoptosis

in both lymphocytes and in the epithelial cells lining the small intestine

(Mendrysaet al., 2003). These studies demonstrate the critical role of MDM2

in regulating p53. Nevertheless, such regulation of p53 by MDM2 had been

identified only in vertebrates, so far no one has beenable to identify an MDM2

homologue in either Caenorhabditisor elegans or Drosophila even though

these do possess a p53 homologue[reviewedin (Slee et al., 2004)].

1.3.1 MDM2 Transcription

MDM2,consists of 12 exons and its transcription is controlled by two

promoters, P1 and P2 (Haineset al., 1994). Transcription initiated from the P1

promoter is independent of p53 and is responsible for producing low levels of

constitutively expressed MDM?neededto restrain p53 activity in unstressed

cells. On the other hand, p53 transcriptionally activates its own negative

regulator, MDM2 via binding and activating the P2 promoter (Barak etal.,

1994, Juvenet al., 1993, Wu et al., 1993).

The mRNAsproduced by both promoters are the same except that the

5'-untranslated region of Pl-derived transcripts contains two upstream open

reading frames (uORFs)that reduce the rate of translation (Baraket al., 1994,

Brown et al., 1999). Meanwhile, the transcription from the p53-sensitive P2

was found to be approximately six fold greater than that from P1, and its

derived transcript was translated more efficiently (Landers et al., 1997, Brown
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et al., 1999). The P2 promoter contains two p53 response elements normally

concealed within a super coiled stretch of DNA that become accessible upon

conformational changes, such arrangement was suggested to prevent premature

activation of the P2 promoter by p53 and to provide sufficient time for p53 to

transactivate its downstream target genes in response to cellular stress before

triggering its own negative regulator (Kim et al., 1999, Juvenet al., 1993).

The MDM2 gene produces several differentially spliced MDM2

transcripts, the largest of which encodes a 90 kDa protein (p90 MDM2)that

binds to and inactivates the p53 tumour suppressor protein (Momandetal.,

1992). More than 40 different alternative and aberrant splice variants of

MDM2transcripts have been identified in both normal tissues and tumours

such as breast carcinoma (Pinkas et al., 1999, Bueso-Ramoset al., 1996),

ovarian and bladder cancer (Sigalas et al., 1996), and glioblastoma (Matsumoto

et al., 1998). The majority of these variants lack sequences encoding the p53

binding site, suggesting possible p53-independent functions of MDM2(Bartel

et al., 2002).

1.3.2 MDM2Protein Domains

The full length MDM2protein consists of 491 amino acids and has a

number of conserved domains. The first conserved region is the p53 binding

domain, which lies at the MDM2 amino terminus between amino acids 19-108.

This regionis essential for p53 inhibition (Kussie et al., 1996)(figure 1.3.1). Its

tertiary folding results in a deep cleft lined with hydrophobic and aromatic

residues, into which the a-helical amino terminal of p53, that harbours the p53
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transactivation domain, binds andis thus concealed from interacting with and

recruiting other transcriptional co-factors (Chen et al., 1993, Kussie etal.,

1996).

Other proteins controlling cell cycle progression such as_ the

transcriptional factor E2F1, have been reported to interact with MDM2in a

region that overlaps MDM2’s p53 binding domain (residues 1-220) (Martin et

al., 1995). Thus MDM?could directly abrogate the cell cycle arrest induced by

the tumour suppressor p53, andfacilitate cellular progression through S-phase

by stimulating the transcription factor complex E2F1/DP1 (Martin et al., 1995).

MDM2localizes predominantly to the nucleus, where it exerts its

inhibitory effect over p53 transcriptional activity (Chenet al., 1993, Chenetal.,

1995). MDM2 can also mediate p53 export to the cytoplasm where it is

degraded (Freedman and Levine, 1998). A conserved nuclear localization

sequence (NLS) and a conserved nuclear export signal sequence (NES)(figure

1.3.1) have been identified within MDM2and they have been proposed to

mediate MDM2shuttling between the nucleus and cytoplasm (Rothet al., 1998,

Migliorini et al., 2002).

The central acidic region of the MDM2 (figure1.3.1) comprises amino

acids 235-295, and mediates MDM2interaction with p300 (Grossmanet al.,

1998), ARF (Bothner et al., 2001, Weber et al., 2000), MTBP (Boydetal.,

2000a), and the ribosomal protein LS andits associated 5S ribosomal RNA

(Elenbaaset al., 1996). Kawaiet al., (2003), found the central region of MDM2

to be essential in mediating p53 ubiquitylation. Utilising the MDM2
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homologue MDMXwhichlacks E3 ligase activity, they generated a numberof

MDM2/MDMxXchimaeric proteins to assess the contribution of each domain

of MDM2to the ubiquitylation process. A mutant containing MDMXbut with

the RING finger domain of MDM2 wasfoundto gain self-ubiquitylation but

could not ubiquitylate p53. However, introducing the central acidic domain of

MDM2to the chimaeric protein renderedit fully capable of ubiquitylating p53

and subsequently promoting its proteasomal degradation. The interaction

between the MDM2 acidic domain and p300/CBP was also found to be

essential for p53 degradation, as p300 is required for MDM2 to promote poly-

ubiquitylation of p53, and hence render p53 degradable by the proteasomes

(Grossmanet al., 1998). Thus p300 appears 6 function in this system as an E4

ubiquitin ligase.

The acidic domain is immediately followed by another conserved

region between amino acids 301-329 that encodes a zinc finger domain (figure

1.3.1), which partially overlaps a region required for binding the RB tumour

suppressor protein (Hsieh et al., 1999). Finally, MDM2 has two additional

conserved zinc fingers in a RING finger conformation (figure 1.3.1) located

between residues 444 and 483. Mutational analysis of cysteine 464 within the

RING domain has demonstrated that an intact RING domainis essential for the

intrinsic E3 ligase activity of MDM2 (Boddyet al., 1994, Hondaet al., 1997).

It has been proposed that the RING finger domain contributes to MDM2

stability through interaction with MDMX (Tanimuraet al., 1999). Furthermore,

it was recently reported that the MDM2 RING finger mediates NEDD8&
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modification (NEDDylation) of the p53 protein and that this contributes to the

inhibition ofits transcriptional activity (Xirodimaset al., 2004).

100 200 300 400 491

p53 binding domain NLS NES Acidic domain Zn-finger RING-finger

Figure 1.3.1. Schematic representation of the domains of the MDM2

protein. The MDM2protein consists of 491 amino acids. The coloured areas

represent the location of the various domains of MDM2(p53 binding domain,

NLS, NES,acidic domain, Zinc finger, and RING finger). The MTBP binding

site is also indicated (Modified from (Evanset al., 2001)).

1.3.3 The p53-MDM2 Regulatory Feedback Loop

The observations that p53 stimulates MDM2 expression while MDM2

inhibits p53 led to the concept of the p53/MDM2 auto-regulatory feedback

loop (Momandetal., 1992, Wuet al., 1993). MDM2negatively regulates p53

through diverse mechanismsresulting in downregulation of p53 transcriptional

activity and promoting p53 degradation (Chenet al., 1993, Oliner et al., 1993,

Hondaet al., 1997, Grossmanetal., 1998, Roth et al., 1998).

Asstated above in section 1.3.2 MDM2 binds to p53 transactivation

domain and inhibits its transcriptional activity, by concealing it from

interacting and recruiting other transcriptional co-factors (Momandetal., 1992,
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Chen et al., 1993, Olineret al., 1993, Kussie et al., 1996). MDM2 also down-

regulates p53 acetylation, via interacting with p300/CBP and blocking the

ability of these histone acetyltransferases (HATs) to catalyse the acetylation of

p53 (Gu and Roeder, 1997, Ito et al., 2001). Moreover, MDM2recruits the

histone deacetylase HDAC] to deacetylate key lysine residues in the carboxyl

terminal of p53 (Ito et al., 2002), rendering them available as substrates for

MDM2 mediated ubiquitylation.

MDM2 targets p53 for proteasomal degradation by promoting

ubiquitylation of lysine residues in the carboxyl terminus of p53 via the E3

ubiquitin ligase activity residing in its RING finger domain (Haupt etal., 1997,

Hondaet al., 1997, Kubbutatet al., 1997). In cooperation with the E4 ubiquitin

ligase/polymerase promoting activity of p300/CBP, MDM2 facilitates the

formation of poly-ubiquitin chains on both p53 and MDM2. Once poly-

ubiquitylated, p53 and MDM2becomedegradable by proteasomal proteolysis

(Grossmanet al., 1998); which may occur in both subcellular compartments:

the nucleus (Shirangi et al., 2002) and/or in the cytoplasm (Freedman and

Levine, 1998).

To minimise nuclear p53 transcriptional activities, MDM2 mediates

p53 nuclear export either by escorting p53 through the nuclear pore utilizing its

own nuclear export signal (Roth et al., 1998), or via ubiquitylation dependent

unmasking of the nuclear export signal of p53 (Stommelet al., 1999, Geyer et

al., 2000).
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Figure 1.3.2 The p53-MDM2 Regulatory Feedback Loop. p53 stimulates

MDM2 expression, and MDM2 negatively regulates p53 through diverse

mechanisms: binding to p53 transactivation domain and inhibiting its

transcriptional activity, mediating p53 proteasomal degradation by promoting

p53 ubiquitylation, and mediating p53 nuclear export. MDMX binds to p53

transactivation domain and downregulatesits transcriptional activity, but does

not promote its degradation. ARF enhances p53 tumour suppressoractivity by

direct interaction with the p53 antagonists, MDM2 and MDMxX, and

sequestering them into the nucleolus [modified from (Shangary and Wang,

2008)].
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1.3.4 MDM2 as an Oncogene.

The ability of MDM2to suppress p53 predicts that it might display

oncogenic activity. It has been observed that MDM2 over expression led to

immortalization of rat embryo fibroblasts (REFs) (Finlay, 1993). In addition,

several studies proposed that MDM2 may play a role in tumourigenesis

regardless ofp53 status. MDM2overexpression blocked the growth-inhibitory

effects of transforming growth factor-B (TGF-B) in mink lung epithelial cells

and in human mammary epithelial cells in a p53-independent manner (Sun et

al., 1998). Results from transgenic animal experiments indicated that Mdm2

over expression may contribute to tumourigenesis, as transgenic mice over

expressing Mdm2 with wild type p53 or p53 null background showed similar

neoplastic changes i.e. cellular hypertrophy, nuclear abnormalities and

mammaryepithelial tumours were developed in both phenotypes (Lundgrenet

al., 1997). Jones and co-workers, (1998); also observed that mice over

expressing Mdm2 with wild type p53 or p53 null background had equivalent

susceptibility for tumour formation with significant predisposition for sarcomas

in Mdm2 transgenic with p53 null background, which suggest a p53-

independent Mdm2 mediated oncogenecity (Joneset al., 1998).

MDM2over expression has been detected in soft tissue sarcomas,

osteosarcomas (Olineret al., 1992), B cell chronic lymphocytic leukaemias,

non-Hodgkin's lymphoma (Watanabeet al., 1994), breast carcinoma (Gudas et

al., 1995), choriocarcinoma (Landersetal., 1997), renal cell carcinomas (Haitel

et al., 2000), glioblastomas (Houillier et al., 2006), and malignant melanomas
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(Muthusamy et al., 2006). It was proposed that MDM2 over expression could

be due to gene amplification (Oliner et al., 1992), increased transcription

(Watanabe et al., 1994); possibly associated with the single nucleotide

polymorphism (SNP) knownto exist in the MDM2 promoter (Bondetal., 2004)

or enhancedtranslation (Landerset al., 1997).

The pattern of MDM2 expression in different human tumours has

provided additional evidence of the oncogenic nature of MDM2.Typically the

majority of p53 mutations affect the DNA binding domain, attenuating its

ability to activate target genes expression (Kern et al., 1992) and so mutant p53

may escape downregulation due to its failure to induce MDM2 expression

(Midgley and Lane, 1997, Pruneri et al., 1997). However, co-existence of p53

mutation and over expression of MDM2 and/orits splice variants lacking p53

binding domain sequences have been observed in a variety of tumours and was

associated with tumours of higher grade and shorter survival (Haitel et al.,

2000, Lu et al., 2002). This suggests that MDM2 over expression may exert

oncogenic effects independent of mutant p53 transcriptional activity (Sigalas et

al., 1996, Matsumotoet al., 1998).

MDM2 has been proposed to exert its p53-independent proliferative

activities by regulating a variety of pathways controlling cellular proliferation.

MDM2hasbeen shownto inhibit the retinoblastoma tumour suppressor protein

by promoting its proteasomal degradation (Sdek et al., 2005); to abrogate the

G1 arrest induced by MTBP (Boyd et al., 2000a), as well as transcriptional

regulation by the interaction of MDM2 with, and stimulation of, the

transcription factors E2F/DPI which enhancescell-cycle progression through S$
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phase (Martin et al., 1995). In addition, a ribosomal complex between MDM2

and L5 ribosomal protein and its associated 5S ribosomal ribonucleoprotein,

has been observed suggesting a possible role for MDM2in translational

regulation (Elenbaaset al., 1996).

1.3.5 Post-translation Regulation of MDM2

A number of posttranslational modifications have been reported to be

involved in regulating MDM2 activity and stability and to regulate MDM2

dependent cell survival under normal conditions and in response to cellular

stresses and these are outline below.

1.3.5.1 Phosphorylation of MDM2

Two clusters of serine and/or threonine residues are located at the

amino terminal and the central acidic domain of MDM2 (Hay and Meek, 2000)

and the phosphorylation status of these residues may bedictated by the nature

of the cell stress/stimulus which determines the identity/ies of the activated

pathway/s.

A number of. stress-activated kinase pathways, including ATM

(Khosravi et al., 1999), c-Abl (Goldberget al., 2002), and the DNA-dependent

protein kinase (DNA-PK) (Mayo et al., 1997) have been reported to mediate

phosphorylation of MDM2prior to the initiation of damage-induced p53

accumulation. MDM2 phosphorylation attenuates its ability to interact with

p53 (Mayo et al., 1997, Zhang and Xiong, 2001, McCoy et al., 2003), and

therefore to ubiquitylate p53 (Sionov et al., 2001). MDM2 phosphorylation
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may also promote its interaction with ARF, further inhibiting MDM2activity

(Zhang and Prives, 2001).

Phosphorylation of serine residues 166 and 186 within the acidic

domain of MDM2 by Phosphatidyl Inositol 3 (PI3)-kinase/Akt (PKB) serine-

threonine kinase signalling initiated by growth stimulatory signals on serine

residues 166 and 186 within the acidic domain of MDM2 has been suggested

to promote the nuclear translocation of MDM2 (Mayo and Donner, 2001) with

subsequent p53 ubiquitylation and degradation, thereby promoting the p53

protein to return to the pre-stress levels (Mayo and Donner, 2001, Blattner et

  

al., 2002).
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Figure 1.3.3 Schematic diagram showing the functional domains and

common phosphorylation events affecting MDM2. Illustrated are the

common positions of phosphorylation represented by ®. The effects of

phosphorylation are indicated: a vertical arrow indicates stimulation, whereas

an inverted ‘‘T’’ indicates inhibition [modified from (Meek and Knippschild,

2003)].
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1.3.5.2 Ubiquitylation of MDM2

MDM2 possesses an E3 ubiquitin ligase activity, which has been

suggested to mediate ubiquitylation of various substrates in addition to p53

(Hondaet al., 1997), including the glucocorticoid receptor (GR) (Sengupta and

Wasylyk, 2001), insulin-like growth factor 1 receptor (IGF-1R) (Girnita et al.,

2003), Bo-adrenergic receptors (B2ARs) and the receptor regulatory protein, B-

arrestin (Shenoyet al., 2001), RB protein (Uchida et al., 2005), MDMX (Pan

and Chen, 2003), as well as mediating MDM2 auto-ubiquitylation as well

(Honda and Yasuda, 2000).

MDM2ubiquitin ligase activity has been proposedto selectively switch

between p53 ubiquitylation to auto-ubiquitylation to allow for p53 activation in

response to stresses (Stommel and Wahl, 2004). The MDM2structural

homologue MDMXwasfound to play an important role in modulating p53-

MDM2 homeostasis, since under unstressed conditions MDMX binds to

MDM2 forming a more stable heterodimer than MDM2 homo-dimers and

promoting MDM2-mediated p53 ubiquitylation. Upon exposure to DNA

damaging agents, MDM2 mediates MDMX degradation (Kawaiet al., 2003a),

depleting the pool of available MDMX which leads to an increase in the

numbers of less stable MDM2 homodimers which thus contributes to p53

accumulation (Stommel and Wahl, 2005).
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1.3.5.3 SUMOylation of MDM2

Mammals have three types of small ubiquitin-like modifiers SUMO

[SUMO-1, -2, and -3]. Miyauchi et al., (2002), suggested that MDM2 is

SUMOylated during nuclear translocation by a nuclear pore protein (RanBP2)

and then SUMOylated again within the nucleus by PIAS proteins. Xirodimaset

al., (2002), found that ARF promoted the accumulation of SUMOylated

MDM2 with SUMO being attached to the N-terminus of MDM2 which

harbours the p53 binding site, and hence interrupting the MDM2-p53

interaction.

1.3.6 ARF,MDMX modulation of the MDM2-p53 regulatory loop

The ARF gene is situated on human chromosome 9p21 at the same

locus as the plgi gene, indeed, they share a common exon 2 thoughitis

translated in two different reading frames. ARF enhances p53 tumour

suppressor activity by direct interaction with the p53 antagonists, MDM2 and

MDMxX,and ARF binding to MDM2 downregulates its E3 ubiquitin ligase

activity (Honda and Yasuda, 1999, Pomerantz et al., 1998) and possibly

promotes MDM2-mediated ubiquitylation of MDMX (Pan and Chen, 2003). In

addition, ARF antagonises MDM2 effects by sequestering MDM2 into the

nucleolus (Weber et al., 2000). ARF, also antagonises MDMX effects by

sequestering MDMxXinto the nucleolus (Jackson et al., 2001). The interaction

between ARF and MDM2is mediated through two short motifs present in the

amino terminus of ARF. The ARF interacting region of MDM2is also

composed of two short sequenceslocated in the central acidic domain (Bothner
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et al., 2001). Upon interaction the ARF/MDM2 complexis often localized into

the nucleolus of the cell under the influence of the nucleolar localization

signals present within ARF amino terminus (Lohrumetal., 2000) although this

appearsto be cell type dependent (Llanoset al., 2001).

MDMxXwasoriginally identified as a p53 binding protein, interacting

with the amino terminal of p53 and downregulating its transcriptional activity

(Shvarts et al., 1996) but unlike MDM2,notits stability (Stad et al., 2000, Gu

et al., 2002). Moreover, MDMX was found to bind and stabilize MDM2

through a RING/RING interaction forming a more stable heterodimeric

complex than the MDM2 homodimer (Tanimuraet al., 1999). Like MDM2,

homozygous deletion of MDMX led to embryonic lethality in mice in a p53

dependent manner; the lethality was rescued by concomitant loss ofp53. This

indicated that neither of the essential negative regulators MDM2 nor MDMX

was able to compensate for the loss of the other in restraining p53 activity

during early embryonic development (Joneset al., 1995, Parant et al., 2001).

These observations led to the suggestion that MDM2 and MDMX may

regulate non-overlapping functions of p53, where MDM2 restrains p53

mediated apoptosis, while MDMX regulates the p53 induced cell cycle arrest

(Parant et al., 2001). Toledo and associates (2006), proposed a model where

MDM<xXacts as a major inhibitor of p53 transcriptional activity, while MDM2

modulates p53 stability in response to stress signals, initially through mediating

an accelerated degradation of itself and MDMX in responseto stress signals

thereby releasing p53 from their combined inhibitory effect. Afterwards, when

the cytotoxic effect of p53 is no longer needed, the MDM2 mRNAreservoir
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would be translated to restore the p53 protein to pre-stress levels. Kawai and co

workers (2003a), supported these suggestions by reporting a reduction in

MDMxXlevels in an MDM2 dependent mannerin response to DNA damaging

stresses (Kawaiet al., 2003a).
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1.4. MTBP a Novel MDM TwoBinding Protein

1.4.1 Identification of a Novel MDM2Binding Protein

Boyd and associates, (2000a), explored potential co-factors mediating

MDM2effects upon cellular homeostasis and proliferation. Utilising a yeast

two-hybrid screen protocol developed originally by Fields and Song, (1989)

with the full-length cDNA for murine MDM2serving as a bait to screen a

murine T-cell lymphoma cDNAlibrary; Boydetal.,(2000a), identified a novel

MDM2-binding protein of approximately 104 kDa molecular mass. They

named it MTBP for MDM (two) bindingprotein.

1.4.2, MTBP Maps to Human Chromosome 8

Fluorescence in situ hybridization (FISH) analyses mapped the M7TBP

gene to human chromosome 8q24 (Boydet al., 2000b). Moreover, northern

blot analysis was utilized to investigate MTBP expression in humantissues,

and it was detected in various tissues with highest levels of expression

observed in tissues undergoing high rates of cell proliferation and

differentiation such as, the thymus, testis, and ovaries, curiously these tissues

also exhibited the highest levels of MDM2 expression (Boydet al., 2000a).

1.4.3. Mtbpis Essential for Embryonic Development

The importance of MTBPin regulating cellular growth has been

demonstrated by gene knock out experiments, as transgenic mice with

homozygous deletion of Mtbp encountered early embryonic lethality between
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E3.5 and E7.5. This phenotype was not rescued by concomitant homozygous

deletion ofp53 (Iwakumaetal., 2008). However, these studies used a targeting

vector that also introduced a neomycin expression cassette into the 5’

untranslated region of a gene facing in the opposite direction to the Mtbp gene;

the mitochondrial ribosomal protein mrpL/3 gene. This inadvertent targeting

event may affect translation of the mRNA of mrpL13 and since no tools to

investigate this matter currently exist, there remains uncertainty about the

interpretation of the phenotype of these animals. However, work in the Boyd

lab using a mousestrain in which only the murine Mrbp gene was targeted has

provided evidence that MTBPis indeed essential and that Mrbp -/- embryosdie

at around day 6 of embryogenesis(Vlatkovic et al, in preparation).

1.4.4 MTBP and MDM2Binding Regions

Further investigations utilising the yeast two-hybrid screen and in vitro

binding assays were conducted to determine the interacting region/s between

MDM2 and MTBP.The interaction was found to occur between the carboxy

terminal 380 amino acids of MTBPand the region lying between amino acids

167 and 304 of MDM2.

This region of MDM2includes several binding sites and regulatory

domains which influence MDM2cellular localization and activities, such as

the NLS and NESs. Furthermore, this region harbours the bindingsite for p300

which was proposed to act as an essential co-factor for MDM2-mediated p53

poly-ubiquitylation (Grossman et al., 1998) and the binding site for ARF,

which enhances p53 tumour suppressor activity by direct interaction with
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MDM2inhibiting its E3 ubiquitin ligase activity and sequestering it into the

nucleolus (Pomerantz et al., 1998, Honda and Yasuda, 1999, Weber et al.,

2000). Therefore, it was suggested that MTBP,through binding to this region,

might influence cell cycle regulatory pathways through its interaction with

MDM2.

1.4.5 The Tumour Suppressor Potentials of MTBP

Initial attempts to generate an MTBP expressing cell line using cell

lines with wild type p53 (U2OS) and/or p53 null background (H1299) revealed

an inhibitory effect of MTBP expression on cellular growth regardless of p53

status, since colony formation wassignificantly reduced in both cell lines when

MTBP wasexpressed at a level similar to that caused by p53 expression (Boyd

et al., 2000a). Further FACS analyses demonstrated that MTBP inhibition of

colony formation was concomitant with induction of G1 arrest. It was

noteworthy that both cell lines showed an equivalentincrease in the percentage

of cells in G1 phase upon the expression of MTBPor p53, which supported the

suggestion that MTBPexerted an inhibitory effect over cellular proliferation in

a p53 independent manner (Boyd etal., 2000a).

The cellular growth inhibitory role of MTBP was supported by data

base analysis, which revealed a ~21% homology between MTBP and two

proteins coded by the yeast genes BOI// and BOJ2 (Boilp and Boi2p,

respectively). Upon expression Boiproteins inhibit yeast growth.Interestingly,

the homologies between the three proteins were contained within the carboxy

terminal regions of each, which is the region that mediates the growth



Literature Review

inhibitory function of Boi2p protein (Benderet al., 1996, Matsuiet al., 1996,

Boydet al., 2000a). One aspect of MDM2oncogenic potential is related to its

ability to abrogate the ability of tumour suppressor p53 to induce cell cycle

arrest (Chen et al., 1996). Similarly, MDM2 expression has been found to

suppress MTBP-mediated G1 arrest, even though no MDM2-mediated

ubiquitylation or proteasomal degradation of MTBP had been detected. It was

therefore porposed that MTBP might also function as a tumour suppressor

based in part on the growth inhibitory effect of MTBP, which was suppressed

by the high expression of the oncogenic MDM2 (Boydet al., 2000a).

1.4.6 Anti-Metastasis Potentials of MTBP

Recently, Iwakuma, et al., (2008), have described MTBP as a

metastasis suppressor as they detected increased metastases in Mtbp”p53

mice than with p53” mice (18.2 vs. 2.6%, p=0.033). This observation was

further supported by their results from in vitro cell migration and invasion

assays, as Mtbp*” MEFswere found to migrate significantly more than wild

type MEFs. Moreover, knocking down MTBPin p53*” osteosarcomacell lines

led to a significant increase in the cells invasion potential, on the other hand

high expression of MTBP inhibited the invasion potential of Mtbp*p53°~

osteosarcomacells.

1.4.7 Oncogenic Potentials of MTBP

Brady et al., (2005), had observed that MTBP expression leads to the

stabilization of MDM2 with concomitant decrease of p53 protein levels (figure
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1.4.1). Further co-transfection experiments using p53/Mdm2-double null mouse

embryo fibroblasts (double-null MEFs) demonstrated that MDM?is essential

for MTBP to down regulate p53. Moreover, for such an effect to occur an

interaction between MDM2 and p53 was found necessary, as co-transfecting

MTBP with a non p53 binding mutant of MDM2 that lacks the first 49 amino

acids, did not affect the level of p53 protein. Also, a similar absence of MTBP-

enhanced p53 down regulation was observed when blocking the p53-MDM2

interaction by y irradiation (Bradyet al., 2005).

When mammalian cells were co-transfected with p53, MDM2and/or

MTBP,and the activity of a p53 dependentluciferase reporter was measured,it

was found that MTBP promoted MDM2 mediated reduction of p53

transcriptional activity. These findings were supported by the observations

obtained from treating MCF-7 cells with small interfering RNA (siRNA) to

down modulate endogenous MTBP. The luciferase assays and western analyses

showed that MTBP expression was successfully reduced, and accordingly a

significant reduction of endogenous MDM2protein levels was observed with a

concomitant increase in endogenous p53 protein level and transcriptional

activity (Bradyet al., 2005).

Further immunoprecipitation analyses of ubiquitylated p53 and MDM2

protein in the presence or absence of MTBP showed that MTBP expression

induced a reduction of ubiquitylated MDM2,and an increase in the amount of

ubiquitylated p53 (Brady et al., 2005). The RING finger domain of MDM2is

knownto harbour the E3 ligase activity of MDM2 (Boddyet al., 1994, Honda

et al., 1997). Since MTBPexerted its effect through MDM2 ubiquitin ligase
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activity, it came as no surprise that co-transfecting a RING finger mutant of

MDM2 with MTBPfailed to alter the ubiquitylation level of either of MDM2

or p53. Therefore, it was concluded that MTBP possesses oncogenic potential

as it inhibited the auto-ubiquitylation of MDM2, hence stabilising MDM2.

Consequently this would result in the promotion of MDM2-mediated

ubiquitylation and subsequent proteasomal degradation of p53 (Brady et al.,

2005).

A considerable number of studies using DNA microarray analysis of

gene expression listed at the Oncomine Cancer database (www.oncomine.org)

(Rhodes et al., 2004) have described MTBP over expression in a number of

different human cancers including breast carcinoma (Richardson et al., 2006),

hepatocellular carcinoma (Wurmbach et al., 2007), cervical carcinoma and

head and neck cancers (Pyeonet al., 2007). This may support a role for MTBP

as a potential oncogeneas proposed by Bradyet al., (2005).

The growing evidence that MTBP may be involved in pathways known

to be important in human tumourigenesis, and particularly its role in regulating

MDM2-p53 pathway,clearly require further exploration. This is the subject of

muchofthe presentthesis.
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Figure 1.4.1 MTBP has the capability to act as a proto-oncogene and

tumour suppressor. MTBPinhibits cellular growth in G1 arrest (Boydetal.,

2000a), Iwakuma, et al., (2008), have described MTBP as a metastasis

suppressor. On the other hand, Brady et al., (2005), had observed potential

oncogenic properties of MTBP expression that led to the stabilization of

MDM2with concomitant decrease of p53 protein levels Adapted from (Brady

et al., 2005).
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1.5. Head and Neck Cancers

Cancers of the head and neck include malignancies that arise in the

upper aerodigestive tract including the oral cavity, larynx, and pharynx.

Despite the diversity of the anatomical origins of these cancers, they share

common features such as lifestyle risk factors, genetic alterations, and also

histopathology as the majority of these malignancies are squamous cell

carcinomas [reviewed in (Lin et al., 2007)]. Smoking and/or alcohol

consumption are established as the most important lifestyle or habitual risk

factors complicating HNSCC carcinogenesis (Choi and Kahyo, 1991,

Mashberg et al., 1993). Human papilloma virus (HPV) infection is another

significant contributor to the HNSCCespecially in oropharyngeal carcinomas

(Gissmannet al., 1982a, Snijderset al., 1992, Paz et al., 1997)(figure 1.5.1).

Collectively, Head and neck squamous cell carcinomas (HNSCC) are

considered the sixth most common cancer worldwide responsible for 643,869

new cases in 2002 (Parkin et al., 2005). In the United Kingdom (UK) 7,116

new cases of HNSCC were diagnosed in 2005 and accounted for ~ 2.5% ofall

new malignant neoplasms excluding non-melanoma skin cancer (NMSC)

(CRUK, 2008) (Table 1.5.1). Men over 50 years old are the main group

affected by HNSCC. However, over the last two decades a steady increase in

the disease incidence has been detected among younger non-smoking adults

and it has been suggested that this might be due to new trends in sexual

behaviour and alcohol consumption (Schwartz et al., 1998).
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Figure 1.5.1 Sagittal section of the head and neck. Thefigure illustrates the

relationships of the nasal cavity, oral cavity and larynx to the pharynx, which

constitute the upper respiratory and upper gastrointestinal systems. The naso-,

oro-, and laryngo-pharyngeal cavities are indicated [modified from (Drake et

al., 2004)].
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Table 1.5.1 Incidence and Mortality Summary of Head and Neck Cancers

 

 

 

 

 

 

 

 

 

 

 

  

in the UK.

Incidence (2005) Mortality (2006)

Cancer Numberofnew cases in UK Numberof deaths in UK

Males Females Persons Males Females Persons

Larynx 1,796 394 2,190 632 168 800

Nasopharyngeal 177 74 251 78 36 114

Oral 3,222 1,704 4,926 1,104 592 1,696

Lip 210 106 316 13 7 20

Tongue 908 525 1,433 336 179 S15

Mouth 898 643 1,541 pn 196 45]

Oropharyngeal 714 239 953 254 100 354

Salivary glands 307 238 545 113 78 191

All malignant
neoplasms 186,217 179,486 365,703 80,541 73,621 154,162

All malignant

neoplasmsexcl.

|

144,351

|

144,756

|

289,107

|

80,246

|

73,382

|

153,628

NMSC       
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HNSCCpatients suffer from a high frequency of local recurrences,

distant metastases and may also acquire second primary tumoursall of which

contribute to the high mortality rate that places the HNSCC amongthe worst

tumours with respectto survival rates (Sessionset al., 2002).

A considerable number of studies have led to a consensus about

HNSCCtumourigenesis. As with other cancers there appears to be a sequential

acquisition of genetic and epigenetic alterations in oncogenes and/or tumour

suppressor genes that cause cell cycle regulatory defects and hence cellular

transformation with progression from benign hyperplasia to invasive HNSCC

(Califano et al., 1996). In the majority of HNSCC chromosomalalterations

affecting 5p, 8q, 12p, 3p, 9p, 8p, 13q, and 17p have been most frequently

described. Specific chromosomal aberrations including amplifications,

deletions and translocations that impair mainly the p53-MDM2-ARF pathway

and/or plo“-Cyclin D1-RB-E2F pathways are amongst the most common

(Jin et al., 2006, Uchidaet al., 2006, Patmoreetal., 2007).

The inactivation of the cyclin dependent kinase inhibitor (CDKI)

ploki has been identified by many as one ofthe earliest genetic alterations

K4A + oe
6'NK44 inactivation has beenfrequently detected in HNSCC tumourigenesis. p/

detected in up to 83% of HNSCCcases (Reedet al., 1996, Namazieet al., 2002,

O'Reganet al., 2008). pl6Ns*“ negatively regulates the G1/S transition of the

cell cycle through binding to CDK4 and CDK6, preventing their association

with cyclin D1. This results in inhibition of RB phosphorylation and therefore

prevents the release ofthe transcription factor E2F1, thus halting the cell from

entering the S phase. In HNSCC pl6 INKIA +5 inactivated by several genetic
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events including homozygousdeletion, loss of heterozygosity and/or promoter

methylation; and this might drive uncontrolled cell growth and tumourigenesis

(Namazie et al., 2002, Weberet al., 2003, O'Reganet al., 2008).

1.5.1. p53 and HNSCC

One of the most frequent alterations in HNSCCisthe disruption of the

p53 pathway, through mutations, loss of heterozygosity (LOH) (Gonzalez etal.,

1995, Bederet al., 2003), or interaction with viral proteins (Westraet al., 2008).

The prevalence of p53 mutations reported in HNSCCvaries from 40% to over

70% (Boyle et al., 1993, Wilson et al., 1995, Yin et al., 1993, Li et al., 1994,

Nawroz et al., 1994, Edington et al., 1995, Beder et al., 2003). Yet, recent

studies have suggested that the reported prevalence of p53 alterations in

HNSCC may be underestimated, as most studies have analysed only the core

domain coding sequence i.e. exons 5 through 8, since these harbour the

majority of genetic alterations affecting the p53 gene (Levine et al., 1991).

Nevertheless, sequencing ofall p53 exonsor at least all coding exons1.e. 2-11

has been found to be important for proper evaluation of the real incidence of

p53 mutations in HNSCC.For example, in a study conducted by Kropveld et

al., in (1999) 33% ofp53 mutations were detected outside the core domain, and

they therefore suggested that almost 100% of HNSCC would actually have p53

mutations (Kropveldet al., 1999, Poetaet al., 2007).

In head and neck tumours p53 mutations have mainly been observed in

G nucleotides, which is compatible with a role for exposure to carcinogens

from tobacco smoke and as a consequence of alcohol consumption (Brennan et
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al., 1995a). Such mutations have been considered to be an early event in the

head and neck tumourigenesis since p53 mutations were detected in 19% of

non-invasive dysplasias and carcinoma in situ lesions and its prevalence

increased with more advanced and invasive stages (Boyleet al., 1993, Liloglou

et al., 1997). On the other hand, 17p13 LOH has been found more frequently in

poorly differentiated tumours and has therefore been suggested to be

implicated in the transition from the pre-invasive to invasive HNSCC

(Gonzalez et al., 1995). Several studies have demonstrated p53 inactivation in

HNSCC through interaction with other cellular proteins such as MDM2

(Osmanet al., 2002) or the E6 viral oncoprotein of the HPV (Braakhuiset al.,

2004),

1.5.2 MDM2 and HNSCC

MDM2overexpression has been reported in 70-80% of HNSCC cases

(Ralhanet al., 2000, Osmanet al., 2002, Valentin-Vegaet al., 2007) and it was

proposed as an alternative mechanism by which p53is inactivated in the pre-

invasive stages of HNSCC tumourigenesis (Pruneriet al., 1997, Agarwalet al.,

1999). Interestingly, this MDM2 over expression was not correlated to

underlying MDM2 amplification or mRNA over-expression (Waberet al., 1993,

Qianet al., 1995, Ralhanet al., 2000, Millon et al., 2001, Pruneri et al., 1997).

Millon et al., (2001), have reported contradictory studies of MDM2

expression in HNSCC.These authors reported low levels or loss of expression

of MDM2in more than 50% of the advanced stages of head and neck tumours

(Millonet al., 2001).
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Recently, a single nucleotide polymorphism was identified in the

MDM2promoter at nucleotide the 309 (SNP309), which has been found to

increase MDM2 expression (Bond et al., 2004). The GG homozygous

allelotype of MDM2 SNP309 has been shownto be associated with an earlier

onset of HNSCC probably due to p53 inactivation by MDM2over expression

(Bondet al., 2004, Nakashimaet al., 2008).

1.5.3 MTBP, Chromosome 8 and HNSCC

Genomic analyses have detected significantly high LOH on

chromosomes8 mainly on the short arm, which is thought to contain a locus of

a putative tumour suppressor gene since this region was lost at a high

frequency (~ 40%) in poorly differentiated and high-grade invasive tumours

(Nawroz et al., 1994, Sunwooet al., 1999, Stafford et al., 1999). Moreover,

Bederand associates (2003), reported high frequency of LOHson the 8q13 and

8q24 loci in HNSCC.

On the other hand, gains at the 8q24 chromosomal arm were reported

among the most frequent events in HNSCCparticularly in laryngeal tumours

(Bockmuhlet al., 1996, Stafford et al., 1999). Interestingly, 8q24 harbours the

c-MYC proto-oncogene that is overexpressed in about 35% of HNSCC

(Bhattacharyaet al., 2005, Waitzberget al., 2004).

Another frequent genetic alteration observed in HNSCC is the

formation of isochromosomes. The 8q isochromosome was proposed to cause

the frequent loss of the short arm 8p, which is one of the most frequent LOHs
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in squamous cell carcinoma (Mertens et al., 1994, Mertens et al., 1997).

Therefore, it was suggested that the gain of genes on 8q rather than loss of

genes on 8p may be the more important event in HNSCC tumourigenesis

(Mertenset al., 1997, Jin et al., 2000, Bockmuhlet al., 2002).

MTBPwasidentified as a novel Mdm2 Binding protein by Boyd and

colleagues (2000a). Human MT7BP gene was subsequently mapped to

chromosome 8q24.1- 3 (Boyd et al., 2000b). MTBP overrepresentation was

identified in head and neck cancers (figure 1.5.2) particularly in head and neck

cancer cases associated with HPV infection [reviewed in www.oncomine.org

(Pyeonet al., 2007)] (figure 1.5.3).
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Figure 1.5.2 MTBP overrepresentation in head and neck cancers. Box-plot

chart illustrates MTBP mRNAoverexpression for head and neck

cancer patients versus normal counterpart. Statistical analysis by

t-test showed a significant association between head and neck

cancers and MTBP overrepresentation (P < 0.0001) [modified

from www.oncomine.org (Pyeonet al., 2007)].
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Figure 1.5.3 MTBP overrepresentation in HPV-positive head and neck

cancer patients. Box-plot chart illustrates MTBP mRNA

expression for HPV-positive HNSCC patients versus HPV-

negative HNSCCpatients. Statistical analysis by f-test showed a

significant association between HPV-positive HNSCC patients

and MTBP mRNA expression (P < 0.0001) [modified from

www.oncomine.org (Pyeonetal., 2007)].

The dual potentials of MTBP have been described in section 1.4.

MTBPover expression exerted a tumour suppressor like effect by repressing

cellular proliferation in a p53-independent manner (Boyd et al., 2000a).
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Nevertheless, Brady et al., (2005) described a potential oncogenic behaviour of

MTBP under physiological conditions presumably through modulating MDM2

mediated ubiquitylation in favour of stabilising MDM2, which subsequently

enhances the down regulation of p53 activity and stabilisation (Brady et al.,

2005). This is reminiscent of several “known” oncogenes which when deleted

display tumour suppressor like functions such as Ras and also of tumour

suppressor genes such as p53 that also can display oncogenic gain of function

(Weinberg, 1996, Yamasaki, 1999).
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2. AIM OF STUDY

During the past decade, MDM2 has been unequivocally identified, as a

critical negative regulator of the tumour suppressor p53, which latter was found

either mutated or functionally inactivated in the vast majority of human

malignancies. Moreover, various studies have reported, and in so doing

implicated, MDM2over expression in various tumoursregardless ofp53 status.

These observations together are indicative of the oncogenic nature of MDM2.

MTBPwasidentified by our research group as an MDM2binding protein, and

it has been found to induce G1 arrest in a p53-independent manner. On the

other hand MTBPhasalso been shownto stabilise MDM2, and down regulate

p53 protein levels and activity. The aim ofthis studyisto:

e To investigate MTBPfunctionin vitro to try to identify a minimal region

of MTBPthat is required for function as a way of trying to investigate

the mechanism of action of MTBP. The aim being to define a minimal

region of MTBP that might be amenable to functional and structural

analysis and also to attempt a large scale mutagenesis of MTBP to

facilitate further structure-function analyses.

e To investigate MTBP expression in vivo. Since MTBPinteracts with the

p53/MDM2pathwayaltering the activity of p53 and/or MDM2,it would

be expected that changes in MTBP levels might have implications for

carcinogenesis. Therefore we set out to determine whether the pattern of

expression of this protein reveals any role in carcinogenesis. Moreover,

such analysis might clarify the apparent paradox in which MTBP appears
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to possess both oncogenic and tumour suppressive potential. A sample of

almost 200 HNSCC cancers arrayed on a TMA was analysed for MTBP

expression status using IHC. The expression patterns were compared

with data obtained previously for p53, and MDM2.
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3. MATERIALS AND METHODS

3.1. Materials and Reagents:

Unless otherwise stated all general chemicals and reagents used were

obtained from either BDH Prolabo (VWR International), or Sigma-Aldrich

Company. The water used throughout the study is purified by a reverse

osmosis system and of quality > 15 MQ-cm.

Other suppliers of reagents:

Ambion Inc.: T4 DNAligase

GE Healthcare: Anti rabbit Ig, horseradish peroxidase linked whole antibody

(from donkey), ECL ™ Anti mouse IgG, horseradish peroxidase linked

whole antibody (from sheep), Hybond ™_ ECL ™Nitrocellulose

membrane.

Bio-Rad Laboratories: Blotting grade blocker (non-fat dry milk), Bio-Rad

protein assay.

Flowgen: GenSieve LE Agarose (medium resolution agarose for routine

electrophoresis).

FMCBio products: Seakem ® GTG ® agarose (certified for the recovery of

nucleic acid > 1 kb)

Invitrogen: One Shot ® TOP10 competentcells, SOC media
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New England BioLabs Inc. (NEB): Restriction endonucleases, Klenow

fragment of DNA Polymerase I.

Novagen® (Merck Biosciences): Gene juice” transfection reagent.

Oxoid Ltd: Agar bacteriological.

PerkinElmer(life science) Inc: western lightning™ and western lightning

plus chemiluminescencereagent.

Promega Corporation: Dual-Luciferase” Reporter Assay

Q.Biogene,Inc.: Geneclean® Turbokit.

QIAGEN Ltd: QIAGEN ® plasmid purification kits (Qiaprep spin mini prep

kit, QIAfilter™ plasmid midi kit, and EndoFree® Plasmid Megakit).

EPICENTRE®: EZ-Tn5™ Transposon Tools (EZ-TN ™ In-Frame Linker

Insertion Kit) and Colony Fast-Screen™ Kit (Restriction Screen).

3.2. Plasmids and Antibodies.

3.2.1 Plasmids used:

Most of the plasmids used were obtained from the plasmid collection

held at the Division of Surgery and Oncology, University of Liverpool.

= Mtbp (pCEP4-Mtbp-HA)contains full-length murine cDNA for Mtbp

cloned into the Notl site of pCEP4 (Boydet al., 2000).
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MTBPcontains full-length cDNA for human MTBPsubcloned into the

Notl site of pCEP4 (Bradyet al., 2005).

Carboxy-terminal deletion mutants of Mtbp A 344, A 505, A 607, A 686,

and A 767 (figure 4.1.1) were kindly provided by Dr. Vlatkovié.

The human p53 (pCEP4-p53), clone contains full-length human p53

cloned into the pCEP4 vector (Boydet al., 2000a).

The f-galactosidase expression plasmid pB-gal (SV40 promoter) used

as a transfection efficiency control (Brady et al., 2005, Boyd et al.,

2000).

pCMV (pCMVNeoBam) and pMDM2 (pCMVNeoBam-MDM2) were

kindly supplied by Dr. B. Vogelstein (Bradyet al., 2005, Boyd etal.,

2000).

p53-responsive luciferase reporter construct pp53-TA-luc (Mercury

Pathway Profiling Systems; Clontech) (Bradyetal., 2005)

pCEP4(Invitrogen), a mammalian expression vector. The expression of

the recombinant gene, inserted into the multiple cloning site is driven

by a CMV promoter. It carries both ampicillin and hygromycin

resistance.

pCDNA3.1 (Invitrogen), a mammalian expression vector. The

expression of the recombinant gene cloned into the multiple cloning
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site is driven by a CMV promoter. It carries both ampicillin and

neomycin resistance.

= pSK-BBV vector, a derivative of pBluescript SKII+ (Stratagene)

modified and by Dr. M. Boyd& Dr. N. Vlatkovié. For in vitro

transcription and translation assays Mtbp, A344Mtbp and Clone 65 that

encodes the carboxy-terminal of the catalytic subunit of DNA

polymerase s were sub cloned into pSK-BBV vector (Boyd et al.,

2000a, Vlatkovic et al., 2000).

= pET24b-GB1 vector it is based on the T7 promoter pET24b vector

(Novagen), and it was modified by G. Hautbergue and kindly provided

by Prof. Lu-Yan. It has a B1 domainofprotein G at the amino terminal

and it allows for expression of His¢-taggedproteins in £. coli under the

control of T75 promoter.It carries Kanamycin resistance (appendix B).

= The pRL-TK Vector (Promega) contains a cDNA (Rluc) encoding

Renilla luciferase, which was originally cloned from the marine

organism Renilla reniformis. It carries ampicillin resistance. It is

intended for use as an internal control reporter and may be used in

combination with any experimental reporter vector to co-transfect

mammailiancells.

» Plasmid pBTBc601c kindly provided by Dr. P. Tormay.It codes for a

carboxy-terminal Hisg-tagged 23kDa fragment of the mycobacterial

heat shock protein CPN60.1.
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pQE vectors allows for expression of His¢-tagged proteins in E. coli

under the control of TS promoter. pQE32 was used to express MDM2

and the carboxy-terminal half of MDM2 and pQE30 expresses amino

terminal half of MDM2 (Boydet al., 2000a, Vlatkovic et al., 2000).

Antibodies used:

A. Mouse Monoclonal Antibodies

Unless otherwise stated all mouse monoclonal antibodies were used at

concentration of 3pg/ml.

The mouse monoclonal antibody against human MDM2 Ab-1 (clone

IF2), was purchased from Calbiochem.

The mouse monoclonal antibody against f-galactosidase (Ab-1), used

as a transfection efficiency control, was purchased from Calbiochem.

The mouse monoclonal anti-actin antibody (C-2), used as a total protein

loading control, was purchased from Santa Cruz Biotechnology.

The anti-haemagglutinin (12CA5) mouse monoclonal antibody used to

detect HA-tagged was obtained from Roche Diagnostics,.

The anti-haemagglutinin (16B12) mouse monoclonal antibody used to

detect HA-tagged was obtained from Covance; it was used at 1:1000

dilution.
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= The mouse monoclonal antibody against p53 (Ab-6), was purchased

from Calbiochem;it was used at concentration of 1g/ml.

» Anti-MTBP mouse monoclonal antibody (T-14) (ProMab

Biotechnologies) was raised against recombinant MTBP by ProMab

Biotechnologies for our laboratory; it was used at concentration of

3ug/ml.

= The mouse monoclonal antibody against p21 (F-5) was purchased from

Santa Cruz Biotechnology Inc, and it was used at concentration of

1ug/ml.

B. Rabbit Polyclonal Antibodies

= The Rabbit polyclonal anti-p53 antiserum (Ab2433) was obtained from

Abcam;it was diluted 1:200 for use.

* Dr. Vlatkovié provided a rabbit polyclonal antibody (anti-sera #1)

raised against a peptide fragment from human MITBP

(CSSDWQEIHFDTE) which recognizes both human MTBP and

murine Mtbp (Bradyet al., 2005).
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3.3. Mammalian Cell Culture

3.3.1 Cell Lines and Growth Conditions

=» H1299

H1299; a p53 null, human non — small cell lung carcinomacellline,

they were obtained from the cell collection held at the Division of Surgery and

Oncology, University of Liverpool and prior to that from Dr Donna George,

University of Pennsylvania, USA. They were maintained in a humidified

incubator at 37 C in a 5% CO with RPMI 1640 medium supplemented with

10% foetal calf serum.

= MCE-7
 

MCF-7; an ARF null, human breast adenocarcinoma (pleural effusion

derived cell line) they were obtained from the cell collection held at the

Division of Surgery and Oncology, University of Liverpool and prior to that

from the ATCC. MCF-7 cells were grown at 37°C in a 5% CO) humidified

atmospherecell incubator within Dulbecco’s modified Eagle medium (DMEM)

in the presence of 10% foetal bovine serum, and 2mM L-Glutamine.

" University of Michigan - Head and Neck Squamous Cell

CarcinomaCell Lines (UM-HNSCC)

A panel of HNSCCcell lines were kindly provided by Prof. T. Carey,

University of Michigan Medical School, USA. Two wild type p53 cell lines

HNSCC-17AS and HNSCC-74A,three mutant p53 cell lines HNSCC-14A,
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HNSCC-22A and HNSCC-81B and a null cell line HNSCC-12 with p53

termination mutation (Carey et al., 1983, Lin et al., 2007). The identity of the

p53 mutations (where present) was confirmed by sequencing see appendix A.

All cells were grown at 37C in a 5% CO» humidified atmosphere cell

incubator in DMEM supplemented with 10% foetal bovine serum, 2mM L-

Glutamine, 100U/mlpenicillin, 100ug streptomycin, and 100M non-essential

amino acids.

3.3.2 Cell Culture Techniques

Cells were passaged upon reaching 70-90% confluence as follows. First

the tissue culture medium was removed, and then cells were rinsed twice with

phosphate buffered saline (PBS). The PBS was removed and replaced with

Trypsin EDTA and incubated at 37C until the cells detached from the tissue

culture flask. The trypsin was then neutralised by the addition of an equal

volume of whole tissue culture medium. The cells were then sub-cultured

depending onthe cell type, and a further appropriate volumeoftissue culture

medium was added.

3.3.3 Preparation of Frozen Cell Stocks

For cryo-preservation, cells were harvested -as described in 3.3.2- and

transferred to an appropriate sized centrifugation tube. The cells were then

centrifuged at 200xg for 5 minutes. After discarding the supernatant, the cell

pellet was then re-suspended in freezing medium [90% (v/v) FBS with 10%

(v/v) DMSO (dimethyl sulfoxide)] at a concentration of 2x10° cell/ml. Iml
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aliquots of cells were then transferred to polypropylene cryotube and stored

overnight at — 80°C. The frozen cell stocks were then transferred to liquid

nitrogen for long term storage. When required, a frozen aliquot of cells would

be thawed at 37°C and re-suspended in 24ml of appropriate medium.

3.4. Transfection of Mammalian Cells

Transfection describes the introduction of exogenous DNA into

mammalian cells. Transfections were performed using Gene Juice™

(Novagene); cells were seeded in a tissue culture dish to achieve 50% - 80%

confluence on the day oftransfection. In a sterile tube an appropriate amountof

Gene Juice!™ in 500ul of serum free medium was mixed by vortexing and

incubated at room temperature for 5 minutes. The DNA wasthen addedto the

mixture at a ratio of 3:1 (3ul of Gene Juice™ per microgram of DNA), and

gently mixed and incubated at room temperature for 15 minutes. This mixture

was then delivered drop-wise onto the cells. According to experimental

requirements cells were either harvested orsplit after 24 hours or kept growing

and harvested after 48 hours following transfection.
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3.5. Luciferase Reporter Assay

The dual reporter system allows the simultaneous expression and

measurement of two individual reporter enzymes within a single sample.

Typically, measuring one reporter activity is correlated with the effect of

specific experimental conditions, while the activity of the co-transfected

reporter serves as an internal control to correct for the variability in transfection

efficiency. For the current study the Dual-Luciferase” Reporter Assay System

(Promega Corporation; USA) was used to provide an internal reference for

transfection efficiency to aid in the monitoring of experimental consistency.

The activity offirefly luciferase was utilised to measure the p53 transcriptional

activity, while the Renilla luciferase was used to correct for the transfection

variability.

For reporter assays, cells were co-transfected with reporter: co-reporter

vector at ratio of 10:1. Cells were seeded in 6 well plates and were co-

transfected with 1.17ug per well of a p53-responsive luciferase reporter

construct pp53-TA-luc (Mercury Pathway Profiling Systems; Clontech), and

0.117g per well of Renilla luciferase reporter pRL-TK plasmid (Promega

Corporation; USA). After 24 hours cells were harvested and lysed by adding

500u1 of passive lysis buffer (PLB, Promega). To ensure even coverage and

complete lysis of the cells, the culture plates were then kept on a rocking

platform at room temperature for 15 minutes. The cell lysates were collected

into pre-chilled 1.5ml microcentrifuge tubes; afterwards, the lysates were
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cleared by centrifugation for 30 seconds at 16000xgat 4°C. The supernatants

were kept frozen at — 80°C until needed.

To measure the reporter activity, the supernatant and Luciferase Assay

Reagent II (LARII) andthe Luciferase Assay ReagentIT (LAR II) and Stop &

Glo® Reagent (all three solutions provided by Promega) were thawed at 37°C

in a water bath andthenleft to reach room temperature and just before useall

components were vigorously vortexed.

Thefirefly luciferase reporter was measured first by transferring 20ul

of the supernatant into the luminometer tube containing 10041 LAR II, after

mixing by pipetting the tube was placed in the The GloMax 20/20

Luminometer, which been programmed to perform a 2 second pre-

measurement delay, followed by a 10 second measurement period. After

quantifying the firefly luminescence, the reaction was quenched, and the

Renilla luciferase reaction was simultaneously initiated by adding 100p] of

Stop & Glo® Reagentto the sametube. After a brief vortex the samples were

replaced in the luminometer to measure the Renilla luciferase activity.

3.6. In-Situ B-galactosidase Assay

The B-galactosidase expression plasmid was included in the experiment

to act as a transfection efficiency control; and the in-situ B-galactosidase assay

allowed the visual identification of cells successfully transfected with the Lae 2

gene. The Lac z gene encodes B-galactosidase which digests its substrate, X-

Gal (5-Bromo-4-chloro-3-indolyl-B-p-galactosidase), into an insoluble blue
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dye (Lojda, 1970, Sanes et al., 1986). 24 — 48 hours after transfection, the

media was removed andthecells rinsed with PBS. The cells were then fixed by

the addition of 0.5% gluteraldehyde in PBS and incubated at room temperature

for 15 minutes. The fixation solution was then removed and cells were washed

with PBS. -galactosidase substrate (3mM potassium ferrocynide, 3mM

potassium ferricynide, 1mM MgCland 0.5 mg/ml X—Gal in PBS) was added

to cells and incubated at 37°C for 1-8 hours. The cells expressing B—

galactosidase will appear blue when examinedbybright field light microscopy.

3.7. Analysis of Cellular Proteins

3.7.1 Determination of Protein Concentration in Cellular Extracts

Transfected cells were harvested by trypsinization and pelleted by

centrifugation. Cell pellets were lysed in SLIP-BSAbuffer (SOmM HEPES[pH

7.5], 10% glycerol, 0.1% Triton® X-100, 150mM NaCl, and 0.5mg/ml bovine

serum albumin (BSA)) in the presence of the following protease inhibitors

(PIs): aprotinin 2ug/ml, leupeptin 0.5ug/ml, pepstatin A lpg/ml, soybean

trypsin inhibitor 100pg/ml, and phenylmethylsulfony] fluoride (PMSF) 1mM.

Following 10 minutes incubation on ice, lysates were centrifuged at 16000xg at

4°C for 10 minutes in an eppendorf 5415R centrifuge. The supernatant was

then transferred to a clean microcentrifuge tube to determine the protein

concentration using Bradford reagent (Bio-Rad) by comparison with freshly

prepared standards ranging from 0.3mg/ml to 20mg/ml of BSA/SLIP.
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20u1 samples of 50ug of total protein in 1x protein sample buffer

(50mM Tris-HCl; pH 6.8, 2% sodium dodecyl sulphate (SDS), 10% glycerol,

0.25% B-mercaptoethanol (BME), and 1mg/ml bromophenol blue (BPB)) were

prepared for western blot analysis.

3.7.2, SDS-Polyacrylamide Gel Electrophoresis (SDS-PAGE)

Fifty-microgram samples of total protein in 1x protein sample buffer

were separated by sodium dodecyl sulphate polyacrylamide gel electrophoresis

(SDS-PAGE) using a Bio-Rad Mini-Protein III Cell Electrophoresis System.

Gels were constructed with an upper ‘stacking’ gel, and lower ‘resolving or

separating’ gel consisting of different percentages of acrylamide mix

depending on the expectedsize of the target protein.

 

 

 

 

 

 

 

 

 

SDS-PAGE Separating Gel SDS-PAGE

Component Stacking
7.5% 10% @4

H,0 5.42 ml 4.8 ml 7.225 ml

40% Acrylamide mix 1.87 ml 2.5 ml 1.275 ml

1.5M Tris (pH 8.8) 2.5 ml 2.5 ml --

1.0M Tris (pH 6.8) -- -- 1.25 ml

10% SDS 0.1 ml 0.1 ml 0.1 ml

10% APS 0.1 ml 0.1 ml 0.1 ml

TEMED 0.008 ml 0.008 ml 0.010 ml     
 

Table 3.7.1 Concentrations of components of different SDS-PAGE Gels.

Cell lysates were denatured by heating for 5 minutes at 99°C. Then

samples were loaded into the wells and resolved in comparison with 15ul of
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protein marker (NEB). Empty wells were loaded with I5ul of 1x protein

sample buffer. Samples were separated by SDS-PAGE at 200v_ for

approximately 1 hour in Tris—Glycine electrophoresis (running) buffer (25mM

Tris, 250mM Glycine, 0.1% SDS).

3.7.3. Protein Transfer to Hybond ECL Nitrocellulose Membranes

Proteins resolved by SDS-PAGE were then transferred from the

polyacrylamide resolving gel to Hybond ECL nitrocellulose membrane using a

Bio-Rad Mini Trans-Blot system. The membrane was pre-soaked along with

3MM Chr Whatman” paper and sponges in transfer buffer (25mM Tris-HCl,

192mM glycine, 20% (v/v) methanol). The gel and membrane were then

loaded into the cassette between Whatman” papers and sponges, arranged such

that gel was toward the negative terminal and the nitrocellulose toward the

positive terminal. The cassette was placed into the transfer tank and transferred

at 100v for one hourin the presence of ice packsto aid cooling of the process.

3.7.4 Ponceau S Staining of Transferred Protein

Following protein transfer, the membrane was stained with the

reversible protein stain “Ponceau S” [3-hydroxy-4-(2-sulfo-4-[4-

sulfophenylazo|-phenyl-azo)-2,7-naphthalenedisulfonic acid] (working

solution 0.2% Ponceau S dye, 3% trichloroacetic acid, and 3% sulfosalicylic

acid in deionised water) to check equal protein transfer to membrane. The

membrane was then photographed, and cut according to the size of protein to

be immuno-detected. Membranes were then de-stained by adding phosphate-
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buffered saline-Tween 20 (PBS/Tween) (0.065M Naj,HPO,, 0.015M

NaH»PO4x2H>20, 0.075M NaCl, 0.1% Tween 20). Finally, non specific protein

binding sites were blocked by placing membranes in 5% (w/v) non-fat-dry

milk (BIO-Rad) in PBS/Tween.

3.7.5 Antibody Incubation and Autoradiography

Following a minimum of | hour incubation at room temperature with

agitation, in 5% blocking solution, the primary antibodies; were added to the

membrane. Primary antibodies were made up in PBS-Tween/milk at 3ug/ml

except anti-p53 which was used at 1ug/ml and anti-MTBPanti-sera #1 used at

1:1000 dilution. The membrane was then incubated at room temperature for |

hour with agitation; the primary antibody was removed andreturned to —80°C

for reuse. Membranes were then washed sequentially 3 times in PBS/Tweenfor

15 minutes each. The washed membranes were then incubated at room

temperature for 1 hour, with freshly made horseradish peroxidase (HRP) —

conjugated secondary antibodies in PBS-Tween/milk. Anti-mouse antibody

was made at a concentration of 1:2500, while anti-rabbit antibody was prepared

at concentration of 1:5000. Further washing was performed as described for the

primary antibody.

Detection of bound antibody complex was performed using enhanced

chemiluminescence (ECL). After the final wash, membranes were incubated

for 60 seconds in ECL reagent (Western Lightening Chemiluminescence Plus

Reagent Perkin Elmer) consisting of equal volumes of Enhanced Luminol

Reagent, and Oxidizing Reagent (~0.125ml of Chemiluminescence Reagent
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per cm? of membrane). Luminescence was detected using either auto-

radiographic film or on a Kodak IM4000 image station. A number of exposures

over different time intervals were obtained to choose the best one showing the

protein bands of interest within the linear range of the film and as far as

possible with the lowest backgroundsignal.

3.8. Co-immunoprecipitation (Co-IP)

For co-immunoprecipitation experiments, cells were harvested by

trypsinization 48 hours post-transfection and pelleted by centrifugation. Cell

pellets were lysed in SLIP buffer plus PIs for 10 minutes onice. Cell lysates

were then centrifuged for 10 minutes at 16000xg at 4 °C and the concentration

of protein in the supernatant was determined using Bradford protein assay

(Bio-Rad) as described in section 3.7.1. Between 4 and 5 mg of protein were

then pre-cleared by incubation with 50ul of ~50% slurry of protein G-

Sepharose (Amersham PharmaciaBiotech) for 1 hour at 4°C followed by brief

centrifugation. The pre-cleared supernatants were then incubated with either

2ug of target specific antibody or with 2yg of the isotype control antibody for

1 hour at 4°C, followed by incubation with 501 of ~50% slurry of protein G-

Sepharose for 2 hours at 4°C to capture and precipitate the immune complex.

The Immunoprecipitated complexes were washed three times with 500p! of

SLIP buffer and resuspended in 40ul of 1x protein sample buffer and analysed

by SDS-PAGEandwesternblotting as described in sections 3.7.2-5.
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3.9. Immunofluorescence imagining

Immunofluorescence identifies the labelling of cellular proteins of

interest with specific primary antibodies and fluorochrome-conjugated

secondary antibodies that recognise and bind to the primary antibodies.

Therefore, immunofluorescence can be used to determine whether two proteins

co-localise depending on the varying emission spectra of different

fluorochrome tags that allow the detection of different antigens in the same

sample. So, when different fluorescent signals overlap in the same cellular

location, it demonstrates the cellular co-localisation of the detected proteins

(Wheatley and Wang, 1998).

For immunofluorescence experiments, mammalian cells were

transfected with the expression constructsof interest as described in section 3.4.

Transfected cells were then re-seeded into wells of Lab-Tek® II chamberslide

™ (Nalge Nunc, New York, USA), and 36 hours post-transfection cells were

fixed in 4% w/v paraformaldehyde in PBS for 8 minutes. Subsequent

immunostaining was performed with buffers containing 0.2% Triton X-100,

which permeabilises the cell membranes allowing antibodies to penetrate the

fixed cells. Cells were initially incubated for 5 minutes and then washedthree

times over another 5 minutes with 0.2% Triton X-100 in PBS.

To block non-specific antibody binding, 3% BSA and 1% of species

specific serum - donkey serum in the current study — were addedto the 0.2%

Triton X-100 in PBS buffer used to prepare antibodies. The specimens were

incubated for 1 hour at room temperature with the target of interest specific
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antibody. After removing the primary antibodies the samples were washed

three times with 0.2% Triton X-100 in PBS and then incubated in darkness for

45 minutes at room temperature with 1/100 dilution of the fluorescent-tagged

secondary antibodies. Afterwards, the specimens were washed three times with

0.2% Triton X-100 in PBS, and cells were then counter stained for 15 minutes

with the nuclearstain 4,6-diamidino-2-phenylindole (DAPI)(Sigma-Aldrich).

Finally, samples were washed twice with 0.2% Triton X-100 in PBS

and after draining any excess fluid the slides were mounted with DAKO

fluorescent mounting solution (Dako Cytomation Ltd) and then covered with a

coverslip and sealed in place using nail varnish. Slides were then covered with

foil and kept at 4°C until being imaged. Untransfected cells were used to ensure

undetectable or negligible background fluorescence ofthe secondary antibodies

or from non-specific cross-reactivity between primary and secondary

antibodies.

An Eclipse TE300 fluorescent microscope system (Nikon) was used to

inspect the samples of stained cells, and Simple PCI 6.1 software (Compix

Inc/Hamamatsu Corp.) was utilised to acquire the images on Hamamatsu

ORCA-ERdigital camera C4742-80.

3.10. Routine Production of Plasmid DNA

3.10.1 Transformation of E. coli with Plasmid DNA

Transformation refers to the introduction of exogenous DNA into

bacteria. Typically 100ng of plasmid DNA from previouspurification or Sul of
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ligation reaction — as described in section 3.15.6- was addedto a thawedvial of

One Shot® £. coli competentcells (Invitrogen) and left on ice for 30 minutes.

The suspension was then subjected to heat-shock for 30 seconds in a 42°C

water bath, followed immediately by cooling on ice for 2 minutes. Afterwards,

250ul of pre-warmed SOC medium wasaddedto each aliquot of cells and the

vials were then incubated at 37°C with shaking at 225 rpm for 1 hour. 20u1 to

200ul of the transformation mixture were spread over Luria-Bertani (LB) agar

plates containing the appropriate antibiotic for selection depending upon the

vector used. The inoculated plates were incubated inverted overnight at 37°C

and plates were inspected for colonies the next morning. pCEP4, pCDNA3.1,

pSK-BBYV,and pQEplasmids contain an ampicillin resistance coding sequence;

on the other hand, pET24b-GB vector and the Kan-Tn5 transposon both

contain kanamycin resistant coding sequences. Throughout this study the

concentration of ampicillin (Sigma-Aldrich) used was 100ug/ml, and

kanamycin (Merck) was used at 50ug/ml. For small scale purification of

plasmid DNA, colonies were picked and inoculated separately into Sml of LB

media or for large scale purification of plasmid DNA a 500ml of LB media

supplemented with appropriate antibiotic. The inoculated culture was then

incubated shaking at 225 rpm at 37°C overnight.

3.10.2 Small Scale Purification of Plasmid DNA

A single transformed colony waspicked from LB agar plates and added

to Sml of LB medium containing the appropriate antibiotic. Following

overnight incubation in an orbital shaker incubator at 37°C at 225 rpm, plasmid
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DNAwaspurified using QIAprep Spin Miniprep Kit (Qiagen) according to the

manufacturer’s protocol. Bacteria were harvested by centrifugation at 3000xg

at room temperature for 10 minutes. Pelleted bacteria were thoroughly

resuspended in 250ul of resuspension buffer (P1) (SOmM Tris-Cl, pH 8.0;

10mM EDTA; 100ug/ml RNase A), the suspension was transferred to a fresh

microcentrifuge tube, then a 250ul lysis buffer (P2) (200mM NaOH, 1% SDS)

was added to the suspension and the tube was inverted 4-6 times for mixing

within 5 minutes. Afterwards, a 350ul buffer N3 was added and mixed

immediately and thoroughly by inverting the tube 4—6 times. The suspension

wascleared by centrifugation for 10 minutes at ~17000xg. The supernatant was

applied to the QIAprep spin column, which then centrifuged for 30—60 seconds.

The flow-through was discarded and the column was washed by adding 0.75

ml buffer PE and centrifuging for 30-60 seconds. After discarding the flow-

through, the column was centrifuged for an additional 1 minute to remove

residual wash buffer as it contains ethanol which mayinterfere with subsequent

enzymatic reactions. DNA waseluted by adding S5Oul water to the centre of

each QJAprep spin column, and centrifuging for 1 minute. Note that glycerol

stocks of cultures were prepared by adding glycerol to 500pl of the growing

culture to a final concentration of 25% (v/v) glycerol. These stocks were stored

at -80°C until required.

3.10.3 Large Scale Purification of Plasmid DNA

500ml of LB medium containing suitable antibiotic was inoculated with

a single bacterial colony or 20u1 of glycerol stock and incubated to grow at
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37°C overnight with vigorous shaking at 225 rpm. Plasmid DNA waspurified

using EndoFree Plasmid Mega Kit (Qiagen) according to the manufacturer’s

instructions. Bacterial cells were harvested by centrifugation at 6000xg for 15

minutes at 4°C. Pelleted bacteria were thoroughly resuspended in 50m] of

resuspension buffer (P1), the bacteria were resuspended completely by

vortexing or pipetting up and down until novisible cell clumps could be found.

50ml lysis buffer (P2) was then added to the suspension and the tube was

inverted 4—6 times to mix and left to stand for 5 minutes at room temperature.

Afterwards, 50ml of pre-chilled neutralization buffer (P3) (3.0 M potassium

acetate, pH 5.5) was added to the suspension and mixed immediately and

thoroughly by inverting the tube 4—6 times.

The lysate was then poured into the QIAfilter Mega Cartridge and

incubated at room temperature for 10 minutes. After all liquid has been pulled

throughthe filter under vacuum, 50ml of buffer FWB2 (1M potassium acetate;

pH 5.0) was addedto the precipitate on the QIAfilter cartridge and the liquid

was then pulled through completely. 12.5ml of buffer ER was added to the

filtered lysate, and mixed by inverting the bottle approximately 10 times, and

then incubated on ice for 30 minutes. Afterwards, the filtered lysate was

applied onto the equilibrated QIAGEN-tip and allowed to flow through the

resin by gravity. The QIAGEN-tip was then washed with a total of 200ml wash

buffer QC (1M NaCl; 50mM MOPS,pH 7.0; 15% isopropanol), then 35ml of

buffer QN (1.6M NaCl; 50mM MOPS,pH 7.0; 15% isopropanol) was applied

to elute the DNA. To precipitate DNA, a 24.5ml of room-temperature

isopropanol was added to the eluted DNA and the mixture was centrifuged
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immediately at 15000xg for 30 minutes at 4°C. The supernatant was carefully

decanted and the DNA pellet was washed with 7ml of 70% ethanol and then

centrifuged at 15000xg for 10 minutes. Then supernatant was carefully

decanted without disturbing the pellet, and the pellet was air-dried for

approximately 10-20 minutes. The DNA was then re-dissolved in a suitable

volume of 0.1x endotoxin-free TE buffer (10mM Tris-Cl, pH 8.0; lmM EDTA).

3.11. Quantification of DNA

DNA was quantified spectro-photometrically by measurement of

absorbance at 260nm using an Eppendorf BioPhotometer (Eppendorf). The OD

260nm/280nm ratio wasusedas an indication of the DNA purity, where a ratio

of 1.8 + 0.1 was considered acceptable for DNA. Typically DNA samples were

diluted 100-fold 0.1x endotoxin-free TE buffer and pipetted into UVette”

Eppendorf” Disposable cuvettes for measurement.

3.12. Protein Preparation and Purification

100ml of LB medium containingsuitable antibiotic was inoculated with

a single bacterial colony or 20ul of glycerol stock of cells transformed with the

expression construct for the gene ofinterest. The inoculated culture was keptat

37°C overnight with shaking at 225 rpm. On the second day 900mlof fresh LB

media was added to the O/N culture,i.e. at 1:10 ratio. Then the culture was left

to growin an orbital shaker at 37°C with regular monitoring of the culture

optical density at 600 nm (OD¢00nm). When the culture OD¢00nm reached 0.7-0.9,

a sample was collected to serve as pre-induction control followed by adding
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0.5-2mM of Iso-propyl-B-D-thiogalactopyranoside (PTG) (BDH Prolabo,

VWR International) to induce protein expression. Afterwards, the post

induction culture was allowed to grow for an identified optimum interval -

usually between 2-4 hours according to the protein ofinterest - at 37°C with

shaking at 225 rpm. Finally bacteria were harvested by centrifugation at

4000xg for Sminutes at 4°C. Cell pellets were kept at -80°C until needed for

protein purification.

3.12.1 Protein Purification for Jn vitro Binding Assay

Cell pellets were obtained as described above. Pellets were resuspended

in lysis buffer B of pH 8.0 - containing 8M Urea, 0.1M NaHPO4.2H20 and

0.01M Tris of pH 8.0 —. Then the lysate was boiled for 10 minutes and after

cooling down the sample wascentrifuged for 30 minutes at 4000xg at 10°C.

Afterwards supernatant was transferred into a fresh tube and incubated with

Ni-NTA agarose beads (Qiagen) for 1 hour at 4°C on a nutator (TCSScientific

Corp.). Then the mixture was left to rest at room temperature for 1 hour. The

supernatant was then decanted without disturbing the beads, which were

resuspended in 10ml of pre-warmed buffer B and transferred to a BIO-RAD

polypropylene column. The column was then washed with buffer C (pH 6.8)

and buffer D (pH 6.4) — both buffers C and D contain the same constituents as

buffer B but with different pH-.

The proteins expressed were intended for usein in vitro bindingassays.

Thus, to keep the protein boundto the beads the last elution step was omitted

for storage. Instead, the beads were suspendedin buffer B and keptat 4°C for
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future use. The presence and the amount of expressed purified proteins were

judged by SDS-PAGEandBrilliant Blue G staining (Sigma-Aldrich).

The proteins bound to the beads were re-natured on the day for each in

vitro binding assay by gradually removing 8M urea present in buffer B, by

washing the column with serial dilutions of buffer B in Dignam buffer (20mM

HEPESpH7.9, 20% glycerol, 0.1M KCl, 0.5mM PMSFand 0.5mM DTT plus

Pls), starting with 4M > 2M > 1M > 0.5M > 0.25M > 0.125M > 0.06M

and finally resuspending the beads in Dignam buffer (Dignam et al., 1983)

containing PIs to generate ~50% slurry ready to be used for in vitro binding

assays.

3.12.2 Protein Purification under Native Conditions

To disrupt the cell wall of FE. coli and release proteins without

denaturation, bacterial cell pellets were resuspended in 10ml ice-cold binding

buffer that contained 20mM_ Tris-HCL of pH8.0, 0.5mM NaCl and

supplemented with PIs as described in section 3.7.1. The cell lysate was

transferred to a fresh tube containing 10mg lysozymeto enhancecell lysis. The

mixture was vortexed vigorously then left on ice for 30 minutes followed by

sonication using an Ultrasonic processor GEX600 using a microtip with 30%

amplitude for 4 bursts of 1 minute with a 1 minute rest between each sonication.

The samples were kept on ice throughout the sonication process to avoid heat

denaturation of proteins. The mixture was then centrifuged at 14000xg for 30

minutes at 4°C. The supernatant was added to Im] of Nickel-nitrilotriacetic

acid Ni-NTAresin (Qiagen) and the mixture was incubated with rotary mixing
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at 4°C for 1 hour and the residual pellet was resuspended in binding buffer

supplemented with PIs. The supernatant-Ni-NTA resin mixture wastransferred

to polypropylene BIO-RAD column andleft to run through. The column was

washed 3 times with 4ml of cold binding buffer. Finally the protein of interest

was eluted twice with 0.5ml of binding buffer supplemented with 100mM

imidazole (Sigma-Aldrich) and a final elution with binding buffer

supplemented with 250mM imidazole. The presence and the amount of

expressed purified proteins were judged by SDS-PAGEand Brilliant Blue G

staining (Sigma-Aldrich) and also by western blotting.

3.12.3 Protein Purification under Denaturing Conditions

Following the same procedure used for protein purification undernative

conditions (section 3.12.2) except that the cell pellets were resuspended in

binding buffer contains 8M urea and 1mM 2-mercaptoethanol in addition to

20mM Tris-HCL (pH7.5), 0.5mM NaCl and supplemented with PIs. The cell

lysate was then transferred to a fresh tube containing 10mg lysozyme to

enhance cell lysis. Then mixture was vortexed vigorously then left on ice for

30 minutes followed by sonication by Ultrasonic processor GEX600 using a

microtip with 30% amplitude for 4 bursts of 1 minute with | minute rest

between each sonication the sample were kept on ice throughout the sonication

process to avoid additional heat denaturation of proteins. The mixture was then

centrifuged at 14000xg for 30 minutes at 4°C. Afterwards, supernatant was

added to Iml of Ni-NTA resin (Qiagen) and the mixture was incubated for 1

hour at 4°C with mixing. The supernatant-Ni™ resin mixture wastransferred to

79



Materials and Methods

a polypropylene BIO-RAD columnand left to flow through the column by

gravity.

The column of beads was then washedin binding buffer with gradually

decreasing urea concentrations thus: 8M 96M 34M > 2M > 1M > 0.5M

> 0.25M urea. Afterwards, the proteins were eluted four times with 0.5ml of

binding buffer supplemented with 250mM imidazole (Sigma-Aldrich). The

presence and the amountof expressed purified proteins were judged by SDS-

PAGEandBrilliant Blue G staining (Sigma-Aldrich).

3.12.4 Preparation of BL21(DE3) Competent Cells

BL21(DE3) are an EF. coli B strain that host a derivative of DE3

bacteriophage (ADE3 lysogen), which carries the gene for T7 RNA polymerase

controlled by the lacUVS5 promoter that is inducible by addition of iso-propyl-

B-D-thiogalactopyranoside (IPTG) (BDH Prolabo, VWR International)to the

culture medium. The BL21 strain has been widely used for target gene

expression, as it has the advantage of being deficient in proteases and hence

expressed proteins should be morestable.

To prepare competent cells for transformation, 100ml of LB medium

was inoculated with a single bacterial colony of BL21(DE3) cells. The

inoculated culture was incubated overnight at 37°C with shaking at 225 rpm.

On the second day 1% of the O/N culture was inoculated into 250ml of fresh

LB media supplemented with 20mM MgSO,, andleft to grow on an orbital

shaker at 37°C and meanwhile the culture density was monitored when
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ODeo0nm reached 0.4, bacteria were collected by centrifugation for 5 minutesat

4000xg at 4°C. The medium was been drained until no traces remained as

judged by eye and the pellet was resuspended in 100ml of ice-cold

transformation buffer TFB1 (pH 5.8), which contains 100mM RbCl, SOmM

MnCl, 30mM Potassium acetate, 10mM CaCh, 15% (v/v) glycerol. The

resuspended bacteria were stored on ice for 5 minutes and were then recovered

by centrifugation for 5 minutes at 4000xg at 4°C. The supernatant was

discarded and the cells were resuspended in 10 ml of ice-cold TFB2 (pH 6.5),

which contains 10mM 3-N-morpholino propanesulfonic acid (MOPS), 10mM

RbCl, 75mM CaCh, 15% (v/v) glycerol. The suspension was kept on ice and

divided into 2001 aliquots, which were stored at -80°C until needed (adapted

from Quiaexpressionist protocol (Qiagen) and based on (Hanahan, 1983)).

3.13. Jn vitro transcription/translation of proteins

Using Eukaryotic cell-free systems, such as rabbit reticulocyte lysates

for in vitro gene expression and protein synthesis have been described by

Pelham and Jackson, (1976). A considerable number of protein-protein

interaction studies have used coupled transcription/translation eukaryotic cell-

free systems that combine eukaryotic extracts containing all the components

required for translation with phage RNA polymerase and exogenous DNA

templates with the corresponding phage promoterfor in vitro protein synthesis.

For the present study we used a TNT® 17 coupled reticulocyte lysate systems

(Promega) for transcription/translation of Mtbp and A344Mtbp cloned
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downstream from T7 promoter of the pSK-BBV vector (described in section

3.2.1).

The transcription/translation reaction components were mixed as

follows: 25ul of TNT® Rabbit Reticulocyte Lysate, 2u] TNT® Reaction buffer,

Iul of TNT® T7 RNA Polymerase, 1pl of amino acid mixture minus

methionine 1mM,4pl of [*°S] methionine (at 10mCi/ml), 40 unit of RNasin”

Ribonuclease inhibitor, 0.5ug of DNA template, and nuclease-free water to

final volume of 50ul. The reaction was then incubated at 30°C for 90 minutes.

3.14. In vitro binding assay

Forthe in vitro binding assays, 100u1 of purified protein bound beads

prepared according to the protocol described in section 3.12.1, were mixed

with 10ul of in vitro translated radiolabelled protein as described in section

3.13, the mixture was then incubated for 3 hours at 30°C and afterwards, beads

were washed three times with Dignam buffer D (20mM HEPES pH7.9, 20%

glycerol, 0.1M KCl, 0.5mM PMSF and 0.5mM DTT) supplemented with

75mM imidazole. Beads were then resuspended in 30pl loading buffer and

analyzed by SDS-PAGE.Gels were fixed for 30 minutes in 100mlof fixing

solution (62:25:10 (v/v) water: isopropanol: glacial acetic acid), followed by

incubation for 30 minutes in Amplify™ (Amersham Pharmacia Biotech). Gels

were then dried and incubated with auto-radiographicfilm at -80°C.

82



Materials and Methods

3.15. DNA Clone Generation

Various techniques have been employed throughout the study to

generate a number of expression constructs:

e MTBP:pCEP4ANotl, and MTBP:pCDNA3.1ANotl.

e The HA tagged  carboxy-erminal deletion mutants

A271/A165Mtbp-HA:pCEP4, and A350MTBP-HA:pCEP4 and

the HA tagged amino terminal deletion mutants An95Mtbp-

HA:pCEP4, and Anl65Mtbp-HA:pCEP4(see figure 4.4.1).

e Hise-tagged carboxy-terminal deletion mutants His¢-

A350MTBP:pET24b, Hiss-A344/A271/A165Mtbp:pET24b, and

the His tagged amino terminal deletion mutants Hiss-

An95Mtbp:pET24b, and Hiss-Anl65Mtbp:pET24b (see figure

4.4.1).

3.15.1 Restriction Enzyme Digestion

Restriction endonuclease digestion of DNA was carried out according

to the manufacturers’ recommendations except that typically we used 10 units

of the appropriate restriction enzymeto digest lug of the DNA ofinterest. The

enzyme and DNA were mixed in an aqueous medium containing 1x of suitable

restriction enzyme buffer and BSA when needed.
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3.15.2 Agarose Gel Electrophoresis

Agarose gel electrophoresis is used to separate DNA fragments bysize.

For DNA purification, agarose gels were prepared by dissolving 1% (w/v) of

high-purity GTG agarose (FMC Bio products) in 1x TAE (40mM Tris-acetate,

and lmM EDTA). Ethidium bromide (Sigma-Aldrich) was added to the molten

agarose to a final concentration of 0.5ug/ml. The gel was poured into an

appropriately sized casting tray containing a comb to form wells and once

solidified, the gel was placed into the gel tank covered with 1x TAE. Samples

containing 10% by volume of gel loading buffer (orange G dye in 50% (v/v)

glycerol) were then loaded into wells, and separated and compared with 1kb

DNAladder (Invitrogen). Electrophoresis was performedat a range of 20 — 90

volts depending uponthe size of the gel and the size of DNA fragments being

examined.

3.15.3 DNA Extraction from GTG-Agarose Gel

DNA samples treated with restriction endonuclease enzymes were

separated on Seakem®GTG” agarose gel (FMC Bio products), until the DNA

fragment of interest was clearly separated from the others; this band was then

excised from the gel with a scalpel blade and transferred to a 1.5 ml Eppendorf

tube. The DNA fragments were extracted and purified using the

GENECLEAN® Turbo Kit (Q.Biogene) according to the manufacturer’s

protocol. Each typically 100pg gel slice was melted at 55°C in 100ul of Gene

clean © turbo salt solution. A maximum of 600u1 of the mixture was then

transferred to a Gene clean” turbo cartridge assembled in a 2mltube. This was
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then spun in a microcentrifuge for approximately 5 seconds.If there was more

than 600p1 of solution this process was repeated until all the solution had

passed through the cartridge. The cartridge was then washed twice with 500ul

Gene clean” turbo wash which contains ethanol. Following the second wash

the Gene clean” turbo cartridge was spun into an empty tube for 2 minutes to

remove the last of the wash solution as the ethanol it contains can inhibit

subsequent reactions. The DNA waseluted by adding 30u] of Gene clean”

turbo elution solution directly onto the cartridge and allowed to soak for 5

minutes at room temperature. The cartridge was then spun for 1 minute to

transfer the eluted DNAto the tube. Note that all the above centrifugation was

performed at 13000 xg.

3.15.4 Blunting DNA 5’ overhangs

The Klenow fragment of DNA polymerase I (NEB) was used to create

blunt ends on DNA fragments created by cleavage with restriction enzymes

that leave 5’ overhangs(e.g. NotI). Following the manufacturers’ instructions,

the reaction mixture was prepared by adding the DNA ofinterest to 1x reaction

buffer supplemented with 33uM of each dNTP, and 1 unit of Klenow per

microgram of DNA.Thereaction mixture was then incubated for 15 minutesat

25C. Afterwards, the reaction was stopped by heating for 10 minutes at 715°C

and the DNA wasthen resolved by agarose gel electrophoresis and the desired

fragments were excised to retrieve the DNAas described in section 3.15.3.
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3.15.5 Dephosphorylation of 5° Hydroxyl Group of Cloning Vector

DNA

The 5’ phosphoryl groups of the vector were removed using Antarctic

phosphatase (NEB) to minimize the probability of havinga self ligated vector

background in subsequent cloning procedure. According to manufacturer’s

instructions, 5 units of Antarctic phosphatase were added to lug of DNAin the

presence of 1x antarctic phosphatase reaction buffer. The mixture was then

incubated for 15 minutes at 37C. Afterwards, the reaction was stopped by

heating for 5 minutesat 65C.

3.15.6 DNA Fragments Ligation

Based on agarose gel electrophoresis of representative samples of

vector and/or insert, the concentration of each of the DNA fragments was

estimated by comparing the fluorescence intensity of the bandof interest to the

1.6kb band of the 1kb ladder (Invitrogen), which contains 1/10 of the marker

DNA mass. The vector: insert ratio to be used in ligation reactions was

estimated by the following equation:

ng of vector x kb of insert x molar ratio insert = ng insert

kb size vector vector

Ligation reactions were set up as shown below andincubated at 14C

for a minimum of 18 hours. A ligation reaction was set up withoutthe insert to

serve as a control for vector self ligation, and as a control for residual

undigested vectors a ligation reaction was set up without the insert or the T4

DNAligase.
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Constituent Amount

Vector 30-40ng

Insert DNA Makeup to volume 101

10x T4 ligase buffer lul

+10mM ATP* 0.5ul

+100mM Hexaminecobalt chloride* 0.151

T4 DNAligase (lunit) ul

Total volume 101

To promote intermolecular ligation of blunt end DNA fragments,

10mM ATP* and 100mM Hexamine cobalt chloride* were added to the

ligation reaction of blunt ended fragments (Rusche and Howard-Flanders,

1985).

3.16. Mutagenesis Studies

Linker insertion mutagenesis was utilized to identify the region/s of

human MTBP which interact with and regulate MDM2, and hence p53. It is

anticipated that disruption of such functional region/s within MTBP would

compromise either MDM2 up-regulation and/or p53 down-regulation (Brady et

al., 2005).

To generate these mutants, the EZ-TN'™In-Frame Insertion Kit

(EPICENTRE) has been used according to manufacturer’s protocol. The

transposon insertion reaction was prepared in order as described below and

incubated at 37°C for 2 hours:
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Figure 3.16.1 Diagram demonstrates linker insertion mutagenesis using

Tn5 transposon. The expression constructs of MTBP were mutagenised by

Tn5 transposon as described in section 3.16. E.coli was transformed with the

transposoninsertion reaction as described in section 3.10.1. Clones harbouring

the transposon within the MTBP coding sequence were digested by NotI and

relegated as describedin sections 3.15. New MTBP mutants were expressed in

E.coli for further studies [EZ-Tn5TM In-Frame Linker Insertion Kit protocol

(Cat. No.EZ104KN) EPICENTRE].
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Amount Constituent

 

ul 10x EZ-TnSreaction buffer (0.5M Tris-acetate (pH 7.5), 1.5M

potassium acetate, 100mM magnesium acetate and 40mM

spermidine)

0.2ug Target DNA

ul Molar equivalent EZ-Tn5 (Notl/KAN-3) Transposon (in TE

buffer)

?ul Sterile water to a reaction volume of 9ul

1ul EZ-TnS Transposase (in50%glycerol containing 50mM Tris-

HCL(pH 7.5), 0.1M NaCl, 0.1 mM EDTA,ImMdithiothreitol

and 0.1% Triton® X-100)

 

10ul Total reaction volume

The reaction has then stopped by addition of lpl EZ-Tn5 10x stop

solution (1% SDS).

EPICENTRE’s EZ-Tn5'™ Transposon Tools are based on_ the

hyperactive Tn5 transposition system developed by Goryshin and Reznikoff in

1998. This system randomly introduces 19 amino acid insertions that encode

open reading frames in all three frames and can therefore be used for

identification of functional domains in proteins. The advantage of this

particular methodis that it can generate a large number (>10°) of clones in a

relatively short period oftime.
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3.17. Identification of Clones Harbouring the Transposon

Insertion

In order to identify the clones that contain the EZ-Tn5"™(NotI/Kan-3)

transposon within MTBP, colonies were selected and cultured overnight under

kanamycin selection. DNA was either purified by plasmid QlIAprep Spin

Miniprep Kit (Qiagen) according to the manufacturer’s protocol (as described

in section 3.10.2); or quickly extracted to be restriction-ready utilizing the

Colony Fast-Screen Kit™ (Restriction Screen) (EPICENTRE) according to

manufacturer’s instructions. 601 of saturated bacterial liquid culture were

centrifuged at 16000xg for 5 minutes to pellet cells. Supernatant then was

discarded and cells were re-suspended in 10ul of Restricti-Lyse Solution™

[which facilitates the release of DNA from the cells in an environment whichis

not inhibitory to restriction enzymeactivity], after vigorous vortexing samples

were incubated at 100°C for 60 seconds. Afterwards, samples were screened by

restriction endonuclease digestion, as described previously in section 3.10.1,

based upon therestriction maps of MTBP, the vector and EZ-Tn5 transposon.

We mainly utilized the Fsel restriction enzyme, as its recognition site was

generatedby filling and re-ligation of 5’ overhang termini which resulted from

prior NotI digestion.

Selected clones were then sequenced either at MWG Biotech or by

using the ABI PRISM® 3100 Genetic Analyzer (Applied Biosystems), at the

Sequencing Lab — Genomic Suite — School of Biological Sciences — University

of Liverpool; utilising the ABI PRISM® BigDye” Terminator v3.1 Cycle
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Sequencing Kit (Applied Biosystems) with NotI/KAN-3 FP-2 forward primer

and NotI/KAN-3 RP-2 reverse primer. Sequencing results were aligned against

human MTBP cDNAsequence using BLAST 2 sequencestool (bl2seq) which

aligns two given sequences. The exact transposon insertion site was defined by

duplication of 9bp of target site sequence.

3.17.1 DNA Sequencing

Potentially interesting clones were sequencedto identify the transposon

insertion site; using NotI/KAN-3 FP-2 forward primer and Notl/KAN-3 RP-2

reverse primer:

e NotI/KAN-3 FP-2 forward primer (25 nucleotides)

5’- ACCTACAACAAAGCTCTCATCAACC 3°

e NotI/KAN-3 RP-2 reverse primer (23 nucleotides)

5’ TCCCGTTGAATATGGCTCATAAC — 3’

We have used the ABI PRISM® BigDye” Terminator v3.1 Cycle

Sequencing Kit (Applied Biosystems), according to manufacturer’s instructions.

The cycle sequencing reaction mixtures were prepared in order as shown below:
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Constituent Quantity

Terminator Ready Reaction Mix Sul

DNATemplate ~ 500ng

Primer 3.2 pmol

Deionised water Makeup to volume 20ul

Total volume 20ul

Reaction mixtures were placed in a thermal cycler the Gene Amp” PCR

System 9700 (PE Applied Biosystems); and were subjected to amplification

through 30 cycles of: 96°C for 10 seconds, then 50°C for 5 seconds, and were

then incubated at 60°C for 4 minutes. Reaction mixtures were then held at 4°C

until needed.

Unincorporated dye terminators in sequencing reactions could obscure

data in the early part of the sequence, thus these were removed before the

samples were analyzed. It was recommended to use ethanol/sodium acetate

precipitation to minimize the unincorporated dyes of BigDye® Terminator v3.1.

To achieve this: 3p] of 3M sodium acetate (pH4.6), 62.51 of non-denatured 95%

ethanol, and 14.5y1 of deionised water were added to the reaction. The

mixtures were left at room temperature for 15 minutes to precipitate the

extension products; then the reaction mixtures were centrifuged at 3200xg for

30 minutes. Afterwards supernatants were discarded thoroughly and pellets

were washed with 150ul of 70% ethanol; the extension product was re-
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precipitated by centrifugation for 10 minutes at 3200xg; and supernatant were

discarded and pellets wereleft for air dry. Finally pellets were re-suspended in

20ul of diformamide. At this stage samples were either sequenced directly, or

stored at 4°C until required.

3.18. Nutlin-3 Sensitivity Assay

Nutlin-3 (Sigma-Aldrich Ltd.) was dissolved in Dimethyl sulfoxide

(DMSO) (Sigma-Aldrich Ltd.) and kept as 20mM stock solution at -20°C.

Nutlins-3 working solutions of 0.2uM, 0.5uM, 1M, 5M concentrations were

prepared fresh at the day of application. Cells were plated in six-well plates 24

hours before Nutlin-3 was added to fresh mediaat the indicated concentrations.

Cells were grown for an additional 48 hours, and for cellular survival and

growth analysis samples were collected at the starting point of Nutlin-3

treatment, after 24 and 48 hours. Cell samples were then counted by Beckman

coulter counter (Z2 coulter® particle. and size analyzer). In addition

Fluorescence-Activated Cell Sorting (FACS) analyses were conducted by Dr. T.

Devling to analyse the cell cycle profile after Nutlin-3 treatment.
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4. RESULTS

4.1. Mapping Functional Region/s of Mtbp.

A considerable proportion of cancers have been shown to harbour

alterations of the p53-MDM2 pathway (Vogelstein et al., 2000, Woods and

Vousden, 2001). Recently, Mtbp has been identified as an MDM2binding

protein (Boydet al., 2000a) and upon ectopic expression it was shownto cause

MDM2stabilisation with a resulting reduction in p53 protein levels and

activity (Brady et al., 2005). Yeast two-hybrid screen and in vitro binding

assays identified the interaction between Mtbp and MDM2to occur between

the carboxy-terminal 380 amino acids of Mtbp and the region extends between

167-304 amino acids of MDM2(Boydet al., 2000a).

Given the previously described potential oncogenic nature of Mtbp (see

section 1.4.7), it is the aim of this chapter to shed more light on how and by

which region/s Mtbpelicits its effects on the p53-MDM2 network. To achieve

this we aimed to map Mtbpfor region/s that may interact with, and modulate

the activity and stability of MDM2 and consequently p53.

4.1.1 Titrating the Expression Levels of Mtbp Carboxyl Terminal

Deletion Mutants.

As an exploratory step to identify such region/s within Mtbp, a group of

carboxyl terminal deletion mutants of HA tagged Mtbp, A344, A505, A607,

A686, and A767; had been generated and were kindly provided by Dr.
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Vlatkovié - described in figure 4.1.1, and section 3.2.1. Brady et al., (2005),

had described an MDM2-dependent effect of Mtbp on p53 levels and

transcriptional activity when co-transfecting 10ug of Mtbp, 3ug of MDM2,and

0.5ug of p53. In order to comparethe effect of each of the mutants against the

effect reported with 10ug of full length Mtbp, a series of transient transfection

experiments was performed totitrate the mutants against the full length Mtbp

to reach the optimal amount for each plasmid to produce equivalent protein

expressionlevels.

The mammalian cell lines H1299, a non-small cell lung carcinomacell

line and/or the MCF-7 breast adenocarcinomacell line were utilised in these

transfection experiments, partly because they represent (albeit weakly) the two

most commoncancers of the world (Parkin et al., 2005), but also because the

effects of Mtbp on MDM2andp53hadoriginally been reported in these cells

and they had been found to be easily transfectable (see cell culture and

transfection techniques described in section 3.3 and 3.4). Cells were transfected

with 10ug of an HA tagged full length Mtbp or different amounts of the HA

tagged mutants A344, A505, A607, A686, and A767. Cell lysates were analyzed

by western blotting with anti-HA antibody (12CA5) to determine the

expression levels of the mutants against the full length Mtbp.
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Figure 4.1.1 Schematic illustration of carboxyl terminal HA tagged

mutants of Mtbp. Dr. Vlatkovi¢ generated and kindly provided these carboxyl

terminal deletion mutants of HA tagged Mtbp, A344, A505, A607, A686, and

A767.

Expression levels comparable to that of 10ug of full length Mtbp were

reached by transfecting 15ug of A344Mtbp, 3.S5ug of ASOSMtbp, lug of

A607Mtbp, 0.7ug of A686Mtbp, and lug of A767Mtbp as shownin figure

4.1.2. Note that, empty vector was used to equalize the total amount of DNA

used for transfection, and B-galactosidase expression plasmid was used as a

transfection efficiency control.

Once comparable expression levels of each of the mutants and the full

length Mtbp had been achieved, it became possible to investigate the effect of

each of the mutants on MDM2andp53levels and function. Luciferase reporter

activity assays were performed to investigate the effect promoted by each of

the mutants on p53 transcriptional activity via modulating MDM2stability.
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Figure 4.1.2 Equivalent expression levels of Mtbp and Mtbp carboxyl

terminal deletion mutants. Cell lysates from MCF-7 cells transfected with the

indicated plasmids were analyzed by western blotting with the indicated

antibodies. Mtbp and Mtbp carboxyl terminal deletion mutants were detected

by anti-HA antibody (12CA5). B-galactosidase was co-transfected to correct

for transfection variabilities and actin was used to judge gel loading (*non

specific bands).
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4.1.2 The Amino Terminal 344 Amino Acids Of Mtbp (A344Mtbp)

Are Sufficient To Promote Reduction In P53 Transcriptional

Activity.

We used measurements of p53-responsive luciferase activity to

compare the effect of each of the mutants with the effect of the full length

Mtbp on p53 transcriptional activity. MCF-7 breast cancer cells were co-

transfected with Mtbp or Mtbp mutants as described previously, plus 7ug of

p53-responsivefirefly luciferase reporter construct. After 24 hours cells were

lysed and luciferase activity was measured as described in section 3.5. Note

that, empty vector was used to equalize the total amount of DNA used for

transfection and the luciferase activity measurements were normalised by the

protein content of samples quantified by Bradford method as described in

section 3.7.1.

In agreement with the previously reported observations by Bradyet al.,

(2005), expression of the full length Mtbp promoted a reduction in p53

transcriptional activity in the current set of experiments as shown in figure

4.1.3 and 4.1.6. Given the described interaction between MDM2 and Mtbp

carboxyl terminus (Boydet al., 2000a), it came as no surprise that the ability of

the carboxy terminal deletion mutants to reduce the p53 transcriptional activity

was compromised. Interestingly, A344Mtbp encoding the amino terminal 344

amino acids of Mtbp acted in an unexpected way and reduced the p53

transcriptional activity to a comparable level to that observed with full length

Mtbp(figure 4.1.3 and 4.1.6).
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Figure 4.1.3 Comparable reduction in p53 transcriptional activity with

Mtbp and A344Mtbpexpression. Mtbp and A344Mtbp promote a comparable

reduction in p53 transcriptional activity. Results shown are for luciferase

activity obtained from MCF-7 cells transfected with the indicated plasmids.

Cells were then lysed andthe luciferase activity was measured as described in

section 3.5. Results are representative of different independent experiments.

Data are shown as mean + standard error of the mean.
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To maximize our ability to examine the inhibitory effect introduced by

murine Mtbp and/or human MTBP mutants’, the subject of this investigation, a

number of experiments were conducted in collaboration with Dr. C. Gibney, a

former memberof our research group,to establish standard optimal conditions

for Mtbp/MTBPto stabilise MDM2 and consequently downregulate p53. Cells

were co-transfected with 5ug of Mtbp/MTBP, 0.25ug of p53 plus MDM2,

which wastitrated from 0.25-1gasillustrated by figure 4.1.4-5.

Taken together the inhibitory effect upon p53 luciferase activity, and

the stabilisation of MDM2protein according to western blot analysis; the 1:4

ratio of p53:MDM2 seemedpropitious for further investigation of the murine

Mtbp and/or human MTBP mutants’ effect on MDM2 and p53. MCF-7cells

were co-transfected with Mtbp and the Mtbp mutants plus 0.25yg of p53, lug

of MDM2anddualreporter constructs: 7g of firefly luciferase reporter and

0.7ug of Renilla luciferase reporter. After 24 hours cells were lysed and

luciferase activity was measured. We noted a clear equivalency between Mtbp

and A344Mtbp with respect to down regulation of p53 transcriptional activity

as shownin figure 4.1.6.
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Figure 4.1.4 Optimising the conditions for Mtbp and MTBP to promote

reduction in p53 transcriptional activity. Results shown are for luciferase

activity obtained from MCF-7cells co-transfected with the indicated plasmids.

Cells were then lysed and the luciferase activity was measured as described in

section 3.5. Results are representative of different independent experiments.

Data are shown as mean + standard error of the mean.
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Figure 4.1.5 Optimaising conditions for Mtbp and MTBP to stabilise

MDM2and consequently down regulate p53. Cell lysates from MCF-7 cells

transfected with the indicated plasmids were analyzed by western blotting with

the indicated antibodies. Mtbp and Mtbp carboxyl terminal deletion mutants

were detected by anti-HA antibody (12CA5). f-galactosidase was co-

transfected to correct for transfection variabilities and actin was used to judge

gel loading.
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Figure 4.1.6 Mtbp and A344Mtbp promote a comparable reduction in p53

transcriptional activity. Results shown are for luciferase activity obtained

from MCF-7 cells co-transfected with the indicated plasmids. Cells were then

lysed and the luciferase activity was measured as described in materials and

methods section. Results are representative of different independent

experiments. Data are shown as mean + standard error of the mean.Statistical

analysis by Student’s f-test.

103



Results

4.1.3 A344Mtbp Down Regulates P53 in an MDM2 Dependent

Manner

Brady et al., (2005), had observed that MTBP expression led to the

stabilization of MDM2 with concomitant decrease of p53 protein levels.

Further co-transfection experiments using p53/Mdm2-double null mouse

embryo fibroblasts (double-null MEFs) demonstrated that MDM2is essential

for MTBP to down regulate p53. Moreover, for such an effect to occur an

interaction between MDM2and p53 was found necessary, as blocking the p53-

MDM2interaction byy irradiation abrogated any effect of MTBP on p53 level

and activity. Therefore, they concluded that MDM2 is necessary for Mtbp-

enhanced downregulation of p53 (Brady et al., 2005).

Since, A344Mtbp showed similar effect to the full length Mtbp over

p53 activity, a question was raised whether the mutanteffect also depended on

MDM2? In order to address this, a number of experiments were conducted in

collaboration with Dr. C. Gibney (a former memberof the research group). To

determine whether the effect of A344Mtbp upon p53 was dependent upon

MDM2, p53/Mdm2-null mouse embryo fibroblasts (double-null MEFs) were

co-transfected with plasmids expressing p53, Mtbp or A344Mtbp with and

without MDM2,plus dual reporter constructs: Firefly luciferase reporter and

Renilla luciferase reporter. After 24 hours cells were lysed and luciferase

activity was measured asdescribedin section 3.5.

From the data presented in figure 4.1.7 kindly provided by Dr. C.

Gibney,it is apparent that neither Mtbp nor A344Mtbp independently have any
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detectable effect upon p53 transcriptional activity. Nevertheless, in the

presence of MDM2, addition of Mtbp or A344Mtbp resulted in down

regulation of p53 transcriptional activity. It can thus be concluded that MDM2

is necessary for A344Mtbp-mediated down regulation of p53 activity in the

same manneras for the effect of Mtbp on p53. Moreover, western blot analyses

for the protein extracts from transfected double null MEFs demonstrated the

downregulation of p53 protein levels upon addition of A344Mtbp or Mtbp in

an MDM2-dependent manner(figure 4.1.7).

Binding of MDM2isthe defining characteristic of Mtbp (Boydet al.,

2000a) and it has been demonstrated that MDM2 mediatesthe inhibitory effect

of MTBPon p53 (Bradyet al., 2005). In the current study we have shownthat

A344Mtbpretained a comparable effect to that exerted by Mtbp on p53-MDM2

pathway, and that MDM2is essential for the ability of A344Mtbp to down

regulate p53 activity. Therefore, we next aimed to investigate whether

A344Mtbp and MDM2interact as been described for Mtbp, since detecting

such an interaction would add support to the evidence that A344Mtbp acts to

inhibit p53 in an MDM2 dependent manner.
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Figure 4.1.7 A344Mtbp down regulates p53 in an MDM2 dependent

manner. (A) Shownarethe results from luciferase activity assay, double null

MEFswere transfected with the indicated plasmids and after 24 hours cells

were harvested, lysed and luciferase activity was measured, a comparison of

lanes 4 and 5 with 8 and 9 respectively, reveals that neither Mtbp nor

A344Mtbp alone had anyinhibitory effect upon p53; however, in the presence

of MDM2 both Mtbp and A344Mtbp promoted further downregulation of p53
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transcriptional activity to a similar extent. Results are representative of

different independent experiments. Data are shown as mean + standard error of

the mean. (B) Double null MEFs were co-transfected with indicated plasmids.

Cell lysate were then prepared and analyzed by western blotting and as it can

be seen from the figure both A344Mtbp and Mtbp downregulated p53 protein

level when MDM2 was present. The figures obtained from experiments

conducted by Dr. Gibney.
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4.2. A344MtbpInteracts with MDM2

The interaction between Mtbp and MDM? wasoriginally detected in a

study that defined the region of Mtbp that interacted with MDM2aslying

within the 380 amino acids at the carboxy-terminus of Mtbp. This region was

shown to interact with amino acids 167-304 of MDM2 (Boydet al., 2000a).

Contrary to expectations, and as shownin section 4.1, A344Mtbp (which lacks

all of this previously defined carboxy-terminal region) affected the MDM2-p53

regulatory loop in a similar manner to that observed with full length Mtbp and

moreover, this effect was also MDM2 dependent (as figure 4.1.6 shows).

Therefore, further experiments were conducted to investigate whether

A344Mtbp and MDM?interact; since detecting such an interaction would add

to the evidence that A344Mtbp acts to inhibit p53 in an MDM2 dependent

manner.

4.2.1 A344MtbpInteracts With MDM2 in Mammalian Cells

Co-immunoprecipitation (Co-IP) was chosen to explore A344Mtbp and

MDM2interaction in mammalian cells. Co-IP is commonly used to determine

protein-protein interactions (however, this system cannot distinguish between a

direct and an indirect interaction) utilising specific antibody against one ofthe

partners involved in a suspected protein-protein complex. The newly formed

complex between the antibody, the target protein, and the associated proteinis

precipitated by adding protein G-sepharose beads. Finally, the protein complex

is eluted from the beads by boiling in 1x protein sample buffer and samples
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analyzed by SDS-PAGEfollowed by western blotting with specific antibodies

for each of the interacting proteins.

For immunoprecipitation experiments, H1299 cells were transfected

with MDM2 plus Mtbp; MDM2 plus A344Mtbp; MDM2 plus p53 which

would act as a positive control for the co-immunoprecipitation procedure being

a known MDM2 binder (Momand et al., 1992). B-galactosidase was also

transfected to monitor and compare transfection efficiency between samples.

Cells were harvested, lysed and the pre-cleared supernatants were obtained as

described in section 3.8. The pre-cleared supernatants were then incubated with

either 2ug of anti-MDM2 (SMP14) antibody (Santa Cruz Biotechnology) or 2

ug of anti-HA antibody (16B12) (Covance) or with 21g of the isotype control

antibody Leu-16 against CD20 (Becton Dickinson Biosciences) for an hour at

4 °C, followed by incubation with 50ul of ~50% slurry of protein G-Sepharose

for 2 hours at 4°C to capture and precipitate the immune complex. The

immunoprecipitated complexes were washed and then resuspended in 40l of

1x protein sample buffer and analysed by SDS-PAGEandwesternblotting.

Western blotting of the immunoprecipitates was performed with either

an MDM)2-specific antibody Ab-1 (clone IF2), or an HA-specific antibody

(16B12) to detect A344Mtbp and/or Mtbp which were both HA taggedat the

carboxy-terminus. Western analyses with an anti-p53 antibody (Ab2433) and

anti B-gal were also performed to monitor the co-immunoprecipitation and the

transfection, respectively.
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The co-immunoprecipitation procedure worked in principal is

illustrated by detecting p53 in extracts from MDM2-pS53 co-transfected cells

when immunoprecipitated with anti MDM2-specific antibody as shown in

figure 4.2.1B. This observation is in agreement with the findings of many

including Momandand co-workers, (1992) who were amongthe first to report

p53-MDM2co-immunoprecipitation. Also, It was encouraging to detect that

Mtbp and MDM2co-immunoprecipitated when treating the lysate of cells co-

transfected with both plasmids with either anti-MDM2 or anti-HA antibody

(figure 4.2.1A), since this supports the previous observations made by Boydet

al., (2000a), who described the interaction between MDM2andthefull length

Mtbp.

Protein extracts of MDM2 and A344Mtbp co-transfected cells were

immunoprecipitated with an HA-specific antibody, and a clear co-

immunoprecipitation of MDM2 wasdetected see figure 4.2.1A. Moreover,this

could also be detected in a reciprocal immunoprecipitation with anti-MDM2

antibody used for the immunoprecipitation which pulled down a significant

amount of A344Mtbp as also shownin figure 4.2.1A. These data support the

notion that an MDM2-A344Mtbp interaction can exist in cells. However,

further investigations needed to be undertaken to verify this observed

interaction since this approach cannotdistinguish between direct and in-direct

protein interactions. Therefore, in vitro binding assays were performed to

determine whether the MDM2-A344Mtbp interaction waslikely to be direct

interaction.
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Figure 4.2.1 A344Mtbpaswell as full length Mtbp interact with MDM2in

transfected mammalian cells. Figure (A) presents results obtained from

immunoprecipitation and western blot analysis of H1299 cells co-transfected

with the indicated plasmids. Cellular extracts were immuno-precipitated with

an MDM)2-specific antibody (SMP14), an HA-specific antibody (16B12) to

detect A344Mtbp and/or Mtbp, or an isotype control antibody as indicated.

Western blot analysis of the immunoprecipitates was performed with either an

anti-MDM2 antibody Ab-1 (clone IF2), or anti-HA antibody to detect

A344Mtbp and/or Mtbp (16B12). Figure (B) H1299 cells were co-transfected

as indicated. Cellular extracts were immunoprecipitated with an MDM2-

specific antibody (SMP14), or a control anti-HA antibody (16B12) followed by

western blot analysis with an anti-MDM2 antibody Ab-1 (clone IF2), or an
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anti-p53 antibody (Ab2433) to act as a positive control to confirm that co-

immunoprecipitation was detectable.

4.2.2 A344MtbpInteracts With MDM2 In Vitro

The interaction between MDM2 and Mtbp had been reported to occur

between the Mtbp C-terminus and the region that lay between aminoacids 167

and 304 of MDM2 (Boyd et al., 2000a). The current findings have

demonstrated an interaction between MDM2and a mutant that possesses only

the amino terminal 344 amino acids of Mtbp; A344Mtbp utilising co-

immunoprecipitation experiments as described above. Therefore, in vitro

binding assays were utilised to test the ability of A344Mtbp to interact with

MDM2.

A344Mtbp and Mtbp as well as a C-terminal fragment of DNA

polymerase ¢ (clone 65, used as a positive control, see Vlatkovié et al, 2000)

were in vitro synthesised by TNT°T7 Coupled Reticulocyte lysate System as

described in section 3.14. MDM2, A252C-terminal MDM2, and A246N-

terminal MDM2(figure 4.2.2) and CPN60.1 Hise carboxy terminal tagged

proteins were expressed in XL-1 bacteria (Stratagene) from the pQE32-MDM2,

pQE32-A252C-terminal MDM2, pQE30-A246N-terminal MDM2 and

CPN60.1 expression constructs, respectively (all constructs are described in

section 3.2.1). These expressed proteins were obtained and purified as

described in section 3.12.1. The presence and the amount of expressed purified

proteins were judged by SDS-PAGEand Brilliant Blue G staining (Sigma-

Aldrich), which demonstratedessentially as expected an approximately 90kDa
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product for MDM2, ~42kDa A246N-terminal MDM2, ~50kDa A252C-terminal

MDM2, and ~27kDa CPN60.1. Consistently with other previous purifications

of such proteins performed by others in the research group the A252C-terminal

MDM2showedthe highest level of protein expression in comparison to the

other constructs (figure 4.2.3).
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oo «a
P53 binding domain NLS NESAcidic domain Zn-finger Ring-finger

A246 NeterminusMDM2 mi- FN | coos

A252 C-terminus MDM2 io pe a:

co

enon

Figure 4.2.2 Schematic representation of Hiss carboxy-terminal tagged

proteins: A252C-terminal MDM2, A246N-terminal MDM, andfull-length

MDM2.
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Figure 4.2.3 Coomassie staining of the purified Hisc-tagged proteins input

analyzed by SDS-PAGE. Arrows, indicates the band corresponding to the

expected migration of the protein of interest: MDM2 at ~90kDa, A246N-

terminal MDM2at ~42kDa, A252C-terminal MDM2at ~50kDa, and CPN60.1

at ~27kDa. Note the comparatively high levels of A252C-terminal MDM2.

In vitro binding assays were conducted as described in section 3.14,

utilising the His-tagged proteins; MDM2, or A246N-terminal MDM2 or

A252C-terminal MDM2 or CPN60.1 protein bound beads, with each of the in
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vitro translated radiolabelled proteins A344Mtbp or Mtbp or clone 65. Note

that all in vitro binding assays were performed in duplicate and that clone 65

served as a positive control for MDM2binding as described by Vlatkovic etal.,

(2000); whereas CPN60.1, served as negative control for the binding assay

(both constructs are described in section 3.2.1).

The interaction between the full length Mtbp and full length MDM2

was re-confirmed as expected in accordance with previous observations

reported by Boyd et al., (2000a) who reported inter alia Mtbp and MDM2

binding utilising an in vitro binding assay. Moreover, an interaction between

the full length Mtbp and the A246N-terminal MDM2wasobserved as shownin

figure 4.2.4. The A252C-terminal MDM2 showed the highest level of protein

bound to the beads (figure 4.2.3), and this lessens the relative significance of

the interaction observed with Mtbp or A344Mtbp.

In vitro binding assays revealed interesting findings suggesting that

A344Mtbppreferentially interacts with the A246N-terminal MDM2, and to a

lesser degree with the full length MDM2 (figure 4.2.4), which could be due to

the comparatively low levels of purified MDM2protein that been usedin the in

vitro binding assay. These findings support the previously identified interaction

between A344Mtbp and MDM2 by co-immunoprecipitation analyses. It is

noteworthy that neither full length Mtbp nor A344Mtbp bound to CPN60.1

protein prepared in the same manner as MDM2andthe N- and C terminal

MDM2 mutants. Jn vitro synthesised clone 65 was used as a positive control

for the binding assay, and this interacted as expected with MDM2 and with

both the A246N-terminal MDM2and A252C-terminal MDM2fragmentsalbeit
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to a much greater extent with the lower abundance amino terminal fragment
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Figure 4.2.4 A344Mtbp interacts with MDM2 in vitro. Results from an in

vitro binding assay in which in vitro synthesised proteins Mtbp, or A344Mtbp

or clone 65 were mixed with purified proteins from XL-1s prepared as

described in section 3.14. Note the clear interaction between A344Mtbp and

A246N-terminal MDM2. IVT indicates 10% of the in vitro translated input

used for the binding assay.
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4.3. Subcellular Distribution Of A344Mtbp and MDM2

4.3.1 Immunofluorescence (IF) Imaging

Previous studies demonstrated prominent nuclear co-localisation of

MTBP and MDM2 (D.M. Gore MD Thesis, University of Liverpool, 2005).

However, transfecting different Mtbp:MDM2 ratios lead to notable re-

distributions of their subcellular localisation, which was suggested to be

facilitated by active nuclear export based uponstudies with the nuclear export

inhibitor leptomycin B (Ullmanetal., 1997). For example, transfecting MDM2

in excess led to a reduction in nuclear expression of Mtbp towards a

predominantly cytoplasmic localisation of Mtbp. This subcellular redistribution

was suggested as a possible explanation for the ability described previously of

MDM2to abrogate the ability of Mtbp to induce cell cycle arrest in G1 (Boyd

et al., 2000a). On the other hand, the observed comparable redistribution of

MDM2from predominantly nuclear to increasingly cytoplasmic in response to

transfecting Mtbp in excess was proposed to be compatible with the potential

oncogenic effect of Mtbp described by Brady et al., (2005), in which Mtbp

stabilises MDM2 whichin turn promotes p53 degradation.

The region of MDM2involved in binding Mtbp contains both NLS and

NES. Moreover, within the 380 amino acid carboxy-terminus of Mtbp

previously shownto interact with MDM2 (Boydet al., 2000a), lays a bipartite

nuclear localization signal between amino acids 730-746

(RRSKDPSCLYPQKRLTRS). Thus, it is conceivable that the interaction
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between MDM2 and the carboxy-terminus of Mtbp plays a key role in

mediating Mtbp and/or MDM2subcellulardistribution.

Despite losing the previously identified MDM2 binding carboxy

terminus, the A344Mtbp exerted an equivalent effect on the MDM2-p53

regulatory loop to that observed with the full length Mtbp as has been

demonstrated in section 4.1. In addition, an interaction between A344Mtbp and

MDM2had been demonstrated by co-immunoprecipitation and in vitro binding

as described in sections 4.2.1 and 4.2.2, respectively. Thus detecting co-

localisation of A344Mtbp and MDM2 would be expected to occur and it would

be interesting to determine whetherthis truncation mutant of Mtbp retained the

previously observed capacity to alter MDM2 sub-cellular distribution.

Indirect immunofluorescence imaging was used to investigate the

subcellular distribution of A344Mtbp and MDM2.IF entails the detection of

cellular proteins of interest with specific primary antibodies and fluorochrome-

conjugated secondary antibodies that recognise and bind to the primary

antibodies. Therefore, immunofluorescence can be used to determine whether

two proteins co-localise depending on the varying emission spectra of different

fluorochrome tags that allow the detection of different antigens in the same

sample. So, when different fluorescent signals overlap in the same cellular

location, it demonstrates the cellular co-localisation of the detected proteins,

which might be anticipated for proteins that have been shown by other means

to interact (Wheatley and Wang, 1998).
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For immunofluorescence experiments, H1299 cells were transfected

with MDM2 plus Mtbp, MDM2 plus A344Mtbp or each of the expression

plasmids individually. Thirty six hours post-transfection cells were fixed in

paraformaldehyde and permeabilised with Triton X-100 containing buffer as

described in section 3.9.

To detect the cellular distribution of both MDM2 and Mtbp or A344

Mtbp, the specimens were incubated for | hour at room temperature with either

a combination of 1:500 of polyclonal anti-sera#1 antibody against Mtbp and/or

A344 Mtbp or with lug/ml of anti-MDM2 monoclonal antibody Ab-1 (clone

IF2) (Oncogene Research Products). Alternatively, a combination of 1:1000

monoclonal anti-HA antibody (16B12) to detect Mtbp and/or A344 Mtbp was

used together with lug/ml of anti-MDM2polyclonal antibody (N20) (Santa

Cruz Biotechnology).

Following the IF protocol described in section 3.9, the primary

antibodies were removed and the samples were then incubated in darkness with

1/100 dilution of the complementary fluorescent-tagged secondary antibodies

(Jackson Immuno-Research); the Fluorescein-5-isothiocyanate (FITC)-

conjugated donkey anti-mouse immunoglobulin that emits green light, and

Cy'™3-conjugated donkey anti-rabbit immunoglobulin that emits red colour

uponillumination.

Afterwards, cells nuclei were counter stained with the nuclear stain 4,6-

diamidino-2-phenylindole (DAPI) (Sigma-Aldrich). Finally, slides were
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mounted with DAKO fluorescent mounting solution (Dako Cytomation Ltd),

and slides were then kept in darkness at 4°C till imaging.

A Nikon-Eclipse TE300 fluorescent microscope system was used to

inspect the samples and the Simple PCI 6.1 software (Compix Inc/Hamamatsu

Corp.) was utilised to acquire the images. All images captured at 100x

magnification. Untransfected cells were used to monitor background

fluorescence of the secondary antibodies or non-specific cross-reactivity

between primary and secondaryantibodies.

4.3.2 Similar Subcellular Distribution of A344Mtbp And Full

Length Mtbp.

H1299cells were transfected with either A344Mtbp or Mtbp separately

or in combination with MDM2as indicated. In contrast to the previously

described predominantly nuclear localisation of Mtbp, this study found as

follows; that Mtbp expression was mainly nuclear in 21.7% of cells, and 22.3%

of cells showed comparable levels of Mtbp expression through nucleus and

cytoplasm, the remaining 55.9% of cells showed predominant cytoplasmic

localisation (as illustrated in figures 4.3.1, 4.3.2(A), 4.3.2(B) & 43.3

respectively).
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Anti-HA:FITC for Mtbp 
Figure 4.3.1 Mtbp immunofluorescence. Shown are the results from

immunofluorescence of H1299 cells transfected with 10ug of an Mtbp

expression plasmid (pCEP4-Mtbp-HA) and cells were fixed and

immunostained as described in section 3.9. To detect Mtbp, fixed cells were

incubated with a monoclonal HA-specific antibody (16B12), then with FITC

secondary antibody. Note the different subcellular distribution of Mtbp

indicated by arrows(original magnification x100).
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Anti-HA:FITC for Mtbp 
Figure 4.3.2. (A) Mtbp immunofluorescence. Shown are the results from

immunofluorescence of H1299 cells transfected with 10ug of an Mtbp

expression plasmid (pCEP4-Mtbp-HA) and cells were fixed and

immunostained as described in section 3.9. To detect Mtbp, fixed cells were

incubated with a monoclonal HA-specific antibody (16B12), then with FITC

secondary antibody. Note the predominantly cytoplasmic localisation of Mtbp

indicated by arrows(original magnification x100).
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Anti-S#1:Cy3 for Mtbp

 
Figure 4.3.2. (B) Mtbp immunofluorescence. Shown are the results from

immunofluorescence of H1299 cells transfected with 10ug of an Mtbp

expression plasmid (pCEP4-Mtbp-HA) and cells were fixed and

immunostained as described in section 3.9. To detect Mtbp, fixed cells were

incubated with polyclonal Anti-sera#1 antibody to detect Mtbp, then with Cy3

secondary antibody. Note the predominantly cytoplasmic localisation of Mtbp

indicated by arrow (original magnification x100).
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Figure 4.3.3 Mtbp immunofluorescence. Shown are the results from

immunofluorescence of H1299 cells transfected with 10ug of an Mtbp

expression plasmid (pCEP4-Mtbp-HA) and cells were fixed and

immunostained as described in section 3.9. To detect Mtbp, fixed cells were

incubated with a monoclonal HA-specific antibody (16B12), then with FITC

secondary antibody. Note the predominantly nuclear localisation of Mtbp

indicated by arrows(original magnification x100).

Interestingly, A344Mtbp exhibited similar subcellular localisation to

that observed with the full length Mtbp. 25.2% of the cells showed nuclear

localisation of A344Mtbp, in 21.4% of the cells A344Mtbp was detected in

both nucleus and cytoplasm and in the remaining 53.5% of cells A344Mtbp

was foundto localise mainly at the cytoplasm (figure 4.3.4 & 4.3.5).
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t
i

Anti-HA:FITC for A344Mtbp 
Figure 4.3.4 A344Mtbp immunofluorescence. Shown are the results from

immunofluorescence of H1299 cells transfected with 15g of A344Mtbp

expression plasmid (pCEP4-A344Mtbp-HA) and cells were fixed and

immunostained as described in section 3.9. To detect A344Mtbp, fixed cells

were incubated with a monoclonal HA-specific antibody (16B12), then with

FITC secondary antibody. Note the different subcellular distribution of

A344Mtbp in the two adjacentcells indicated by arrows(original magnification

x100).
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Anti-S#1:Cy3 for A344Mtbp

 
Figure 4.3.5 A344Mtbp immunofluorescence. Shownare the results from

immunofluorescence of H1299 cells transfected with I5ug of A344Mtbp

expression plasmid (pCEP4-A344Mtbp-HA) and cells were fixed and

immunostained as described in section 3.9. To detect A344Mtbp, fixed cells

were incubated with polyclonal Anti-sera#1 antibody, then with Cy3 secondary

antibody. Note the different subcellular distribution of A344Mtbp in the three

adjacentcells indicated by arrows(original magnification x100).

The observed variations in A344Mtbp distribution over different

subcellular compartments despite lacking the previously mentioned bipartite

NLSor any detectable NES could potentially be attributed to the interaction

with MDM2. Thusto further investigate the A344Mtbp/MDM2co-localisation,

and to compare it to Mtbp/MDM2 co-localisation, we followed a similar
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experimental design to that used by Dr. Gore -a former memberofthe research

group- whose investigation of Mtbp/MDM2 co-localisation was referred to

earlier.

4.3.3 MDM2 and A344Mtbp Co-Localises In a Similar Pattern to

That Observed between Mtbp and MDM12.

H1299 cells were transfected with MDM2 and Mtbp or MDM2 and

A344Mtbpat 20:1, 1:20, or 1:1plasmid massratios. It is interesting to note that

in these experiments again Mtbp/MDM2 and A344Mtbp/MDM2_ showed

similar distribution patterns. 60.8% of the cells transfected with 1:1 massratios

of MDM2and A344Mtbp(figure 4.3.6, 4.3.7) and 61% of the cells transfected

with 1:1 mass ratios of MDM2 and Mtbp, showednuclear localisation of both

proteins (figure 4.3.8, 4.3.9).
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Figure 4.3.6 Co-localisation of A344Mtbp and MDM2.Shownare theresults

from immunofluorescence of H1299 cells co-transfected with 10ug of

A344Mtbp expression plasmid (pCEP4-A344Mtbp-HA), and 10ug of MDM2

expression plasmid (pCMVNeoBam-MDM2)and cells were then fixed and

immunostained as described in section 3.9. Fixed cells were incubated with

polyclonal Anti-sera#1 to detect A344Mtbp, and an MDM)2-specific antibody

Ab-1 (clone IF2). Then anti-polyclonal Cy3 and anti-monoclonal FITC

secondary antibodies were added. Note the nuclear co-localisation of

A344Mtbp and MDM2?(original magnification x100).
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Co-illumination
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Figure 4.3.7 Co-localisation of A344Mtbp and MDM2.Shownarethe results

from immunofluorescence of H1299 cells co-transfected with 10ug of

A344Mtbp expression plasmid (pCEP4-A344Mtbp-HA), and 10g of MDM2

expression plasmid (pCMVNeoBam-MDM2)andcells were then fixed and

immunostained as described in section 3.9. Fixed cells were incubated with

anti-MDM2polyclonal antibody (N20), and anti-HA antibody (16B12) to

detect A344Mtbp. Then anti-polyclonal Cy3 and anti-monoclonal FITC

secondary antibodies were added. Note the nuclear co-localisation of

A344Mtbp and MDM?(original magnification x100).
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Co-illumination

 
Figure 4.3.8 Co-localisation of Mtbp and MDM2. Shownare the results

from immunofluorescence of H1299 cells co-transfected with 10g of an Mtbp

expression plasmid (pCEP4-Mtbp-HA), and 10ug of MDM2 expression

plasmid (pCMVNeoBam-MDM2) and cells were then fixed and

immunostained as described in section 3.9. Fixed cells were incubated with

polyclonal Anti-sera#1 to detect Mtbp, and an MDM)2-specific antibody Ab-1

(clone IF2). Then anti-polyclonal Cy3 and anti-monoclonal FITC secondary

antibodies were added. Note the nuclear co-localisation of Mtbp and MDM2

(original magnification x100).
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Figure 4.3.9 Co-localisation of Mtbp and MDM2. Shownare the results

from immunofluorescence of H1299 cells co-transfected with 10g of an Mtbp

expression plasmid (pCEP4-Mtbp-HA), and 10ug of MDM2 expression

plasmid (pCMVNeoBam-MDM2) and cells were then fixed and

immunostained as described in section 3.9. Fixed cells were incubated with

anti-MDM2 polyclonal antibody (N20), and anti-HA antibody (16B12) to

detect Mtbp. Then anti-polyclonal Cy3 and anti-monoclonal FITC secondary

antibodies were added. Note the nuclear co-localisation and apparent nucleolar

exclusion of Mtbp and MDM2(original magnification x100).
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It has been observed previously that transfecting MDM2in excess led

to predominantly cytoplasmic localisation of Mtbp (Boyd research group

unpublished data). These earlier studies relied solely on detection of Mtbp with

the polyclonal antiserum Anti-sera#1 and at that time there were several issues

that were not addressed. Firstly, there was very little validation of the

antiserum and moreover, because of issues with transfection efficiency it was

not possible to visualise more than one transfected cell in a high magnification

field of view.

Since that time a considerable amount of work has been doneto test the

antiserum in a number of applications and as can be seen above, the

transfection efficiency issue has been overcome such that several transfected

cells are often visible in a single field of view. Regarding validation for

example, in the present study we have obtained similar results using both the

antiserum and an anti-HA monoclonal antibody to detect HA tagged Mtbp and

this suggests that detection of Mtbp with Anti-sera#1 is a valid way to monitor

Mtbplocalisation.

Notwithstanding these issues, the findings of the current study seem to

be in accord with the earlier observations. Transfection of MDM2in excess

leads to an increase in the cytoplasmic localisation of Mtbp to around 62% of

the transfected cells in comparison to 38.9% of cells that showed predominant

cytoplasmic localisation of Mtbp upon transfecting equal ratios of Mtbp and

MDM2(Table 4.3.2 & figure 4.3.10).
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Co-illumination

 
Figure 4.3.10 Co-localisation of Mtbp and MDM2. Shownare the results

from immunofluorescence of H1299 cells co-transfected with lug of an Mtbp

expression plasmid (pCEP4-Mtbp-HA), and 20g of MDM2 expression

plasmid (pCMVNeoBam-MDM2) and cells were then fixed and

immunostained as described in section 3.9. Fixed cells were incubated with

polyclonal Anti-sera#1 to detect Mtbp, and an MDM2-specific antibody Ab-1

(clone IF2). Then anti-polyclonal Cy3 and anti-monoclonal FITC secondary

antibodies were added. Note the predominant cytoplasmic localisation of Mtbp

(original magnification x100).
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Interestingly, MDM2affected the localisation of A344Mtbpin a similar

manner. 39.2% of cells transfected with 1:1 ratio of A344Mtbp and MDM2

showed cytoplasmic localisation of A344Mtbp and this percentage increased

when MDM2wastransfected at an excess (MDM2:Mtbp massratio of 20:1) to

reach 54.8% of the cells having A344Mtbp localised to the cytoplasm (Table

4.3.3 & figure 4.3.11(A/B)).

Onthe other hand, with Mtbp or A344Mtbp in excess, the two proteins

-MDM2and Mtbp or A344Mtbp- were found to co-localise throughout the

nucleus and cytoplasm in 66.2% ofcells transfected with Mtbp and MDM2

(Table 4.3.2 & Figure 4.3.12) and in 69.1% of cells transfected with A344Mtbp

and MDM2(Table 4.3.3 & Figure 4.3.13).
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Figure 4.3.11 (A) Co-localisation of A344Mtbp and MDM2. Shownare the

results from immunofluorescence of H1299 cells co-transfected with lug of

A344Mtbp expression plasmid (pCEP4-A344Mtbp-HA), and 20ug of MDM2

expression plasmid (pCMVNeoBam-MDM2) and cells were then fixed and

immunostained as described in section 3.9. Fixed cells were incubated with

anti-MDM2 polyclonal antibody (N20), and anti-HA antibody (16B12) to

detect A344Mtbp. Note the predominant cytoplasmic localisation of A344Mtbp

(original magnification x100).
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Co-illumination
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Figure 4.3.11 (B) Co-localisation of A344Mtbp and MDM2. Shownare the

results from immunofluorescence of H1299 cells co-transfected with lug of

A344Mtbp expression plasmid (pCEP4-A344Mtbp-HA), and 20ug of MDM2

expression plasmid (pCMVNeoBam-MDM2) and cells were then fixed and

immunostained as described in section 3.9. Fixed cells were incubated with

polyclonal Anti-sera#1 to detect A344Mtbp, and an MDM)2-specific antibody

Ab-1 (clone IF2). Then anti-polyclonal Cy3 and anti-monoclonal FITC

secondary antibodies were added. Note the predominant cytoplasmic

localisation of A344Mtbp(original magnification x100).
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Co-illumination

 
Figure 4.3.12 Co-localisation of Mtbp and MDM2.Shownare the results

from immunofluorescence of H1299 cells co-transfected with 20ug of an Mtbp

expression plasmid (pCEP4-Mtbp-HA), and lug of MDM2 expression plasmid

(pCMVNeoBam-MDM2) and cells were then fixed and immunostained as

described in section 3.9. Fixed cells were incubated with polyclonal Anti-

sera#1 to detect Mtbp, and an MDM?2-specific antibody Ab-1 (clone IF2). Then

anti-polyclonal Cy3 and anti-monoclonal FITC secondary antibodies were

added. Note the comparable distribution of Mtbp and MDM2 throughout the

nucleus and the cytoplasm (original magnification x100).
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Co-illumination
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Figure 4.3.13 Co-localisation of A344Mtbp and MDM2. Shownare the

results from immunofluorescence of H1299 cells co-transfected with 20ug of

A344Mtbp expression plasmid (pCEP4-A344Mtbp-HA), and lug of MDM2

expression plasmid (pCMVNeoBam-MDM2) andcells were then fixed and

immunostained as described in section 3.9. Fixed cells were incubated with

polyclonal Anti-sera#1 to detect A344Mtbp, and an MDM)2-specific antibody

Ab-1 (clone IF2). Then anti-polyclonal Cy3 and anti-monoclonal FITC

secondary antibodies were added. Note the comparable distribution of

A344Mtbp and MDM2throughout the nucleus and the cytoplasm (original

magnification x100).
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Table 4.3.1 Sub-cellular distribution of the transfected A344Mtbp or

Mtbp.

Cytoplasm Nuclear Both

Mtbp n 90 35 36

% (55.9%) (21.7%) (22.3%)

A344 Mtbp n 138 65 55

% (53.48%) (25.19%) (21.37%)

Table 4.3.2 Sub-cellular distribution of the co-transfected MDM2 and

Mtbp (tabulated are the numberof countedcells in each category).

 

 

 

 

 

 

 

 

  

20:1 1:20 deh

Mtbp: Mtbp: Mtbp:

MDM2 MDM2 MDM2

Comparable intensity of both proteins 1] 14 13

throughout nucleus & cytoplasm

Nuclear co-localisation of both 8 4 3

proteins

Mtbp Cytoplasmic & MDM2 Nuclear 23 7 11

Mtbp Cytoplasmic & MDM2 14 24 12

throughout nucleus & cytoplasm

Mtbp throughout nucleus & cytoplasm 12 1 20

& MDM2 Nuclear

Total Number 68 50 59

Nuclear Co-localisation (%) 31(45.6%) 19(38%) 36(61%)

Mtbp predominantly cytoplasmic (%) 37(54.4%) 31(62%) 23(38.9%)   
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Table 4.3.3 Sub-cellular distribution of the co-transfected MDM2 and

A344Mtbp(tabulated are the numberof counted cells in each category).

 

 

 

 

 

 

 

 

      

20:1 1:20 1:1

A344: A344: A344:
MDM2 MDM2 MDM2

Comparable intensity of both proteins 19 74 70

throughout nucleus & cytoplasm

Nuclear co-localisation of both 15 10 D

proteins

A344Mtbp Cytoplasmic & MDM2 25 33 31

Nuclear

Mtbp Cytoplasmic & MDM2 16 28 9

throughout nucleus & cytoplasm

A344Mtbp throughout nucleus & 6 g 30

cytoplasm & MDM2Nuclear

Total Number 81 93 102

Nuclear Co-localisation (%) 40(49.4%) 42(45.2%) 62(60.8%)

A344Mtbp mainly cytoplasmic (%) 41(50.6%) 51(54.8%) 40(39.2%)
 

The current sets of experiments have demonstrated that A344Mtbp

showedsimilar cellular distribution pattern to that observed with full length

Mtbp. In addition the co-localisation of A344Mtbp and MDM2 exhibited

comparable patterns to the co-localisation of full length Mtbp and MDM2.This

supports the observations made earlier in this thesis obtained from co-

immunoprecipitation and in vitro binding assays which showedthatthere is an

interaction between the Mtbp amino terminus and MDM2. Moreover, both

A344Mtbp/MDM2and Mtbp/MDM2 showedsimilar re-distribution pattern in

response to different co-transfection ratios of MDM2:A344Mtbp or Mtbp

where the minority gene product re-localises from nucleus to cytoplasm (a

phenomenonpreviously observed for full length Mtbp by Dr. Gore).
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4.4. Mapping the Minimal Functional Region/s of Mtbp.

4.4.1 Generating Deletion Mutants within the Amino Terminal 344

Amino Acids of Mtbp

The interesting observation that A344Mtbp promoteda similar effect on

p53-MDM2pathway both in terms of p53 activity, MDM2stability and sub-

cellular distribution of MDM2, to that observed with full length Mtbp,

suggested the presence of functional region/s within the amino terminus of

Mtbp. Therefore, in order to delineate such region/s further deletion mutants

were generated. The goal of these studies being to generate Mtbp constructs

and reagents for further studies of the determinants of Mtbp functional

interactions with MDM2 andthe p53/MDM2pathwayandalso to permit future

studies of structure-function relationships.

The strategy for this work was to sub-divide the amino terminal 344

amino acid region of Mtbp which appears to retain all of the properties of full

length Mtbp. Four new mutants were generated. Two carboxy-terminal

deletion mutants’ of Mtbp: A271 Mtbp and A165Mtbp (see figure 4.4.1) that

encode the amino terminal 271 and 165 amino acids respectively and two

amino terminal deletion mutants of A344Mtbp: An95Mtbp which encodes

amino acids 96-344 of Mtbp (see figure 4.4.1), and the Anl65Mtbp which

encodes amino acids 166-344 of Mtbp (see figure 4.4.1). Two versions of each

of these mutants were constructed. One tagged with the HA epitope to be

utilised in functional studies investigating the effect of each of these mutants

on MDM2and p53 levels and also on p53 transcriptional function utilizing
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luciferase reporter activity assays similar to the previously described with

A344Mtbp (see section 4.1.2). The other versions had a His¢ tag to facilitate

purification of recombinant protein for future structural studies to investigate

the possible MDM2bindingsite/s in the amino terminus of Mtbp.

MTBP(i.e. human) showed a high degree of conservation throughout

evolution with over 80% similarities to murine Mtbp. Both, murine Mtbp and

human MTBP werepreviously shown to stabilise MDM2 and down regulate

p53 level and activity (Brady et al., 2005). Human MTBP cDNA became

available to us during the course of these studies; thus a ASSOMTBP carboxy-

terminal deletion mutant of human MTBP,which encodes an equivalent region

to that of murine mutant A344Mtbp was generated to investigate its effect on

the p53-MDM2pathway.

The mutants were generated by polymerase chain reaction (PCR)

amplification utilising oligonucleotides described in appendix A. The mutants

generated to carry on the functional investigations were constructed using

oligonucleotides that introduce a unique Not!lrestriction site at the 5’-end and

XhoI and an HA-tag at 3’ end of the cDNA. The generated products were

clonedinto these restriction sites of pCEP4 expression plasmid as described in

section 3.15.

The second group of constructs intended for protein expression in

E.coli and structural studies were generated using oligonucleotides (described

in appendix A) that introduce the uniquerestriction sites NdeI at the 5” end and

Xholat the 3’ end. Following the cloning protocols described in section 3.15,

142



Results

the mutants were prepared by PCR amplification followed by restriction

digestion with NdeI and XhoI and cloning into these sites in pET24b-GB1

expression vector (appendix B) kindly provided by Prof. L-Y. Lian, School of

Biological Sciences, University of Liverpool.

900

Mtbp vi fl }-COOH

A344Mtbp

A271Mtbp

A165Mtbp

 

AN95Mtbp

An165Mtbp

A350MTBP NH, -@

 

Figure 4.4.1. Schematic representation of the deletion mutants within the

amino terminal 344 amino acids of Mtbp. Therelative size of each of the

mutants is shown in comparison with full-length Mtbp, also shown the

equivalent A350 mutant of human MTBP. Two group of the expression

construct were generated: one with HA-tag at the carboxy terminus for

mammalian cells transfection and functional studies, the other group has a

His6-tag at the amino terminal and they are intended for protein expression in

E.coli and structural studies.
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4.4.2 The Minimal Identifiable Functional Region of Mtbp is the

Amino Terminal 344 AminoAcids.

Following a similar experimental design to that described in section 4.1,

each of the HA tagged An9SMtbp, Anl65Mtbp, Al6SMtbp, A271Mtbp and

A350MTBPweretitrated in transfection experiments and compared with the

full length Mtbp and/or A344Mtbp to assess the DNA amount needed to induce

equivalent expression levels to 10ug of Mtbp. Thus, a series of transient

transfection experiments were performed using the MCF-7 breast

adenocarcinomacell line (cell culture and transfection are described in sections

3.3 and 3.4). Western blots of protein extracted from cells transfected with

different mutants or full length Mtbp were probed with anti-HA antibody

(16B12) (Covance) to determine the expression levels of the mutants and the

full length MTBP.

Analysis of these test experiments showed that 1.25ug of A271Mtbp,

and 2ug of Al65Mtbp produced comparable expression levels to 10ug of full

length Mtbp (figure 4.4.2). Such equivalent expression levels could not be

achieved for An95Mtbp, Anl65Mtbp or A350 MTBP mutants despite

transfecting the maximum possible amount of DNA (figure 4.4.3). Note that, as

for all such experiments, empty vector was used to equalize the total amount of

DNA used for transfection, and B-galactosidase expression plasmid was used

as a transfection efficiency control.

144



Results

 

Anti-HA

B- gal

MDM2

p53

Actin

 

  
 

Figure 4.4.2 A271Mtbp and A165Mtbp showed equivalent expression levels

to Mtbp and A344Mtbp.Cell lysates from MCF-7 cells transfected with the

indicated plasmids were analyzed by western blotting with the indicated

antibodies. Mtbp and Mtbp carboxy-terminal deletion mutants were detected

by anti-HA antibody (16B12). Note the comparable decrease of p53 levels with

Mtbp and A344Mtbp but no such effect can be detected with A271Mtbp and

A165Mtbp co-transfection. B-galactosidase was co-transfected to monitor for

any transfection variability and actin wasused to judge gel loading.
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B-gal

Actin

 

 
 
 

Figure 4.4.3 Inadequate expression levels of An9SMtbp, Anl65Mtbp and

A350MTBP.Cell lysates from MCF-7 cells transfected with the indicated

plasmids were analyzed by western blotting with the indicated antibodies.

Mtbp deletion mutants were detected by anti-HA antibody (16B12). B-

galactosidase was co-transfected to monitor transfection efficiency and actin

was used to judge gel loading , *indicates the protein marker (the upper band

of this is full length B-galactosidase)
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Since comparable expression levels of the A271Mtbp and A165Mtbp

mutants and Mtbp were achieved, it became possible to investigate the effect of

each of these mutants on MDM2 andp53levels and also on p53 transcriptional

function utilizing luciferase reporter activity assays as described before (see

section 3.5). MCF-7 cells were co-transfected with p53, MDM2, Mtbp and/or

A271Mtbp or A165Mtbp Mtbp mutants plus dual reporter constructs: 7g of

firefly luciferase reporter and 0.7p1g of Renilla luciferase reporter to monitor

for transfection variability. After 24 hours, cell lysates were analysed by

western blotting and luciferase activity was measured. Unlike A344Mtbp and

full length Mtbp, neither A271Mtbp nor Al6SMtbp down regulated p53

transcriptional activity nor did they reduce the p53 steady state protein level as

illustrated in figures 4.4.2 and 4.4.4.

Wecould not investigate the effect of An9SMtbp, and Anl65Mtbp or

even A350MTBP-the equivalent of A344Mtbp- upon p53 activity due to the

problems described above in achieving comparable levels of protein expression

as shownin figure 4.4.3. Nevertheless, taken together these results indicate that

the amino terminal 344 amino acids of Mtbp define a minimal identifiable

functional region of Mtbp.Asstated earlier in section 4.4.1, a second group of

these mutants were designed and generated to enable protein expression in E.

coli so that future structure studies might be performed (in collaboration with

Prof. L-Y. Lian of the NMRCentre, School of Biological Sciences, University

of Liverpool) to investigate the interaction between the amino terminus of

Mtbp and MDM2.
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Figure 4.4.4 Neither A271Mtbp nor A165Mtbpinhibit p53 transcriptional

activity. In contrast to Mtbp and A344Mtbp, A271Mtbp and/or A165Mtbp did

not promote a comparable reduction in p53 transcriptional activity. Results

shown are for luciferase activity obtained from MCF-7 cells transfected with

the indicated plasmids. MCF-7 cells were transfected with the indicated

plasmids. Cells were then lysed and the luciferase activity was measured as

described in section 3.5. Renilla luciferase activity to control for transfection

effeciency. Results are representative of several independent experiments. Data

are shown as mean + standard error of the mean. Statistical analysis by

Student’s f-test.
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4.4.3 Expressing the His, tagged Mtbp Mutants

In the current study it was demonstrated that A344Mtbp reproduced the

potentially oncogenic effect of Mtbp on the p53-MDM2 pathway —namely

stabilisation of MDM2 and down-regulation of p53 and p53 transcriptional

activity (refer to section 4.1). In addition, the Co-IP and the in vitro binding

assays described in section 4.2 revealed an interaction between A344Mtbp and

MDM2that was similar to that observed here, and also previously established

for full length Mtbp (Bradyet al., 2005).

To date, little if anything is known about Mtbp protein conformation.

Nor do we have muchinsight into the mechanism by which Mtbp (or indeed

A344Mtbp) exerts its effects on MDM2. We also know nothing about the

structure of the Mtbp-MDM2interacting site/s. Such questions could be

addressed by structural analyses that utilise techniques such as X-ray

crystallography or NMR spectroscopy, which depend upon production of

soluble pure native formsof the protein of interest. However, previous attempts

to produce of full length Mtbp protein in a pure native form were not

successful.

Given the previous demonstrations that A344Mtbp retained an

equivalentactivity to the full length Mtbp, the possibility arose that we might

be more successful in producing this considerably smaller truncated form of

Mtbpas a native protein for such structural analyses. In addition, we decided to

149



Results

sub-divide the amino terminal 344 amino acid region of Mtbp to further

increase the chance of success of future structural studies. Accordingly we

produced A271 Mtbp-His,¢, Al65Mtbp-Hiss, An95Mtbp-Hiss, Anl165 Mtbp-His¢

mutants of murine Mtbp together with A35OMTBP-His, mutant of human

MTBP, which encodes an equivalent region to that of murine A344Mtbp (see

figure 4.4.1). These were prepared in parallel with the mammalian expression

mutants of these forms as described in section 4.4.2 and were cloned into the

Nhel and Xhol of pET24b-GBvector as showninfigure4.4.5.

The pET24b-GB vector permits the expression of proteins fused with

the GB1 domain of Streptococcal protein G as amino terminal tag, which is

supposedto assist in the folding, stabilisation and solubilisation of the fused

protein (Huth et al., 1997, Zhou et al., 2001). In addition, six consecutive

histidine residues (His,-tag) can be fused to the protein of interest as well. The

pET24b-GB vector is based on the T7 promoter transcription—translation

system, which is inducible by T7 RNA polymerase provided by the host cells

BL21(DE3) as previously described in section 3.12.4. Generally, the His-tag

being only 6 amino-acids in length does not interfere with the secretion,

compartmentalization, structure or the function of the protein fusion (Yipetal.,

1989, Lichty et al., 2005). Moreover, it allows affinity purification of the

protein on a metal-chelating resin such as Nickel-nitrilotriacetic acid (Ni-NTA);

these criteria makeit the suitable tag given the aimsof these investigations.
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Ndel-Xhol
 

AMtbp/MTBP:pET24b-GB1

 

Figure 4.4.5 His-tagged Mtbp/MTBP mutants. (A) Map of pET24b-

GBlwith demonstration to the cloning site of the cDNA of interest. (B)

Illustrates the DNA fragments of the expected size for each of the mutants

A344Mtbp, A271Mtbp, Al65Mtbp, An95Mtbp, Anl65Mtbp and A350MTBP

following restriction digestion reactions utilizing restriction enzymes Ndel and

XhoI. Candidate clones were then sequenced(as described in section 3.17.1) to

confirm the clonefidelity.
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Following the protocol described in section 3.12, the optimum

conditions to express the His-tagged Mtbp mutants were investigated at 37°C

incubation temperature, using 0.5-2mM IPTG for inducing protein expression

for 2-5 hours (figure 4.4.5).

E.coli (BL21DE3) were transformed with the expression construct of

the different Mtbp/MTBP His,-tagged mutants’. The expression of the proteins

was induced by IPTG at 30-37°C since it has been observed previously that

native folding and expression of mammalian proteins can be assisted by growth

of E. coli at a lower temperature (Georgiou and Valax, 1996, de Marcoetal.,

2005). After 2-5 hours samples were collected and analyzed by SDS-PAGE

followed by brilliant blue G staining. Stained gels showed the successful

expression for each of the different Mtbp/MTBP His¢-tagged expression

constructs asillustrated in figures 4.4.6-12.
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concentration (A) and at different incubation temperature (B). Samples were
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collected at different time interval as indicated and analyzed by SDS-PAGE

Transformed E.coli were grown for up to 5 hours at different IPTG

optimum conditions to express Mtbp/MTBP mutants’ fusion proteins.

Figure 4 4 6 illustrates examples of variables tested to determine the
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followed by Brilliant Blue G staining as described in section 3.12.2. Arrows,

indicates the band corresponding to the expected migration of the A344Mtbp

protein ofinterest.

 

 

Pre-Induction 2 hrs. Post Induction §hrs. Post Induction
l ! !

tT | t Tl 1
% S& s eS

S 3 M 38 xspt oo ee wt get”ee A we 2 a* @ « a*

” 3? & Ss eo re * we

oe ¥ s oe wa we’ 8 ~ we?
7

> e _.

 A344Mtbp

  

 

Figure 4.4.7 Expression of A344Mtbp-His¢ protein. E.coli were transformed

with A344Mtbp-His¢ expression construct. Samples were collected at 2 and 5

hours after protein expression and analyzed by SDS-PAGE followed by

brilliant blue G staining as described in section 3.12.2. Arrows, indicates the

band corresponding to the expected migration of the protein ofinterest.
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Figure 4.4.8 Expression of A350Mtbp-His¢ protein. E.coli were transformed

with A350Mtbp-His¢ expression construct. Samples were collected at 2 and 5

hours after protein expression and analyzed by SDS-PAGE followed by

brilliant blue G staining as described in section 3.12.2. Arrows, indicates the

band corresponding to the expected migration of the protein ofinterest.
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A165Mtbp  
Figure 4.4.9 Expression of A165Mtbp-His¢ protein. E.coli were transformed

with A1l65Mtbp-His¢ expression construct. Samples were collected at 2 and 5

hours after protein expression and analyzed by SDS-PAGE followed by

brilliant blue G staining as described in section 3.12.2. Arrows, indicates the

band corresponding to the expected migration of the protein ofinterest.
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Figure 4.4.10 Expression of A271Mtbp-Hiss protein. E.coli were

transformed with A271 Mtbp-His¢ expression construct. Samples were collected

at 2 and 5 hours after protein expression and analyzed by SDS-PAGE followed

by brilliant blue G staining as described in section 3.12.2. Arrows,indicates the

band corresponding to the expected migration of the protein ofinterest.
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Figure 4.4.11 Expression of An95Mtbp-Hiss protein. E.coli were

transformed with An95Mtbp-Hiss expression construct. Samples were collected

at 2 and 5 hours after protein expression and analyzed by SDS-PAGE followed

by brilliant blue G staining as described in section 3.12.2. Arrows,indicates the

band corresponding to the expected migration of the protein ofinterest.
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Figure 4.4.12 Expression of Anl65Mtbp-Hisg protein. E.coli were

transformed with Anl65Mtbp-Hiss expression construct. Samples were

collected at 2 and 5 hours after protein expression and analyzed by SDS-PAGE

followed by brilliant blue G staining as described in section 3.12.2. Arrows,

indicates the band corresponding to the expected migration of the protein of

interest.

It is apparent from figures 4.4.6-12 that the expressed Mtbp/MTBP

His¢-tagged mutant proteins were mainly entrapped in the insoluble fraction,

which suggests that the expressed proteins might be either membrane-

associated or aggregated as inclusion bodies. Since, A344Mtbp was the

minimal region that retained the ability of full length Mtbp to downregulate
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p53 activity in an MDM2 dependent manner, we focused on attempting to

purify soluble Hiss-A344Mtbp. Initially, protein purification under native

conditions following a standard lysozyme/sonication procedure(as described in

section 3.12.2) was attempted. As figure 4.4.13 shows however, little or no

soluble protein could be detected in any of the imidazole elution fractions.

PIeANGUetIOn Post IeeHen
  

 

 
= A344Mtbp

  
Figure 4.4.13 Commassie staining of purified A344Mtbp-Hiss protein

undernative condition and analyzed by SDS-PAGE.E.coli was transformed

with A344Mtbp-Hiss expression construct. Cell pellets were lysed and

expressed protein was purified under native conditions and analyzed by SDS-

PAGEfollowed by brilliant blue G staining as described in materials and

methods section 3.12.2. Note the absence of any detectable soluble protein
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eluted with imidazole or bound to the Ni-resin. Arrows, indicates the band

corresponding to the expected migration of the protein of interest.

Purifying proteins under denaturing conditions could be utilised, yet

proteins purified under such conditions require further work to refold it into its

original, functional conformation and to establish its validity to be used in

structural analyses. Therefore, we have attempt purification of Hiss-A344Mtbp

under denaturing conditions, which utilise lysis buffer containing 8M urea to

lysis the cell pellet obtained from bacterial culture expressing protein of

interest, Hisg-A344Mtbp in the current experiment -protocol is described in

section 3.12.3-. The Hiss-A344Mtbp protein was successfully purified as

illustrated in figure 4.4.14.

These studies demonstrate that deletion mutants of MTBP/Mtbpare not

readily purified under native conditions but can be extracted under denaturing

conditions from E£. coli. Future studies might be focused on alternative hosts

for recombinant protein production such as insect or mammalian cells or using

alternative fusion partners to increase solubility might be investigated. Asa last

resort, re-folding of protein purified under denaturing conditions might be

attempted. The problem with this approachis that it will be hard to determine

whether any structures obtained from such a source would faithfully reflect the

native conformation.

Wehavebeen intrigued by being unable to detect similar function with

other mutants that retained these amino terminal 344 aminoacids together with

additional carboxy-terminal residues (see figures 4.1.2 and 4.1.5). Thus, we
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have chosen to generate new mutants using a more subtle approach based upon

a linker insertion mutagenesis strategy (described in section 3.16).
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Figure 4.4.14. Commassie staining of purified A344Mtbp-Hiss protein

under denaturing condition and analyzed by SDS-PAGE. E.coli was

transformed with A344Mtbp-Hiss expression construct. Cell pellets were lysed

and expressed protein waspurified under denaturing condition and analyzed by

SDS-PAGEfollowedbybrilliant blue G staining as described in materials and

methods section 3.12.3. Note the presence of detectable recombinant protein

eluted with imidazole and also bound to the Ni-resin. Arrows, indicates the

band corresponding to the expected migration of the protein ofinterest.
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4.5. Conserved Regions of MTBP

Consistent with the observations made by Brady et al., (2005), the

findings of the current study have demonstrated the functional homology

between MTBPand Mtbpasillustrated in figures 4.1.4-6. Moreover, regions of

strong homology between MTBP sequences across species through evolution

from mammals as Homo sapiens, and Mus musculus as well as more distant

species for which MTBP homologues could be identified namely: Gallus

gallus, Xenopus laevis, Danio rerio and Tetraodon nigroviridis. Homologies

were identified by comparing MTBPprotein sequences from different species

as they were identified to NCBI databases using BLAST algorithms. The

sequencesalignmentofthis analysis are summarised in pages 170-176.

SeqWeb 3.0/GCG 11 - Accelrys®software package was used for

analysing MTBP homologous sequences: Homo-sapiens (NP_071328), Mus-

musculus (NP598853), Gallus-gallus (XP_418460), Xenopus-laevis

(AAH70600), and Tetraodon-nigroviridis (CAG00004). Sequences were

aligned by the (Pretty) tool, and a pattern recognition analysis was performed

using (MEME)toolsix highly conserved regions(I-VI) were identified within

MTBP,which suggests that these regions may correspond to functional regions

responsible for MTBPregulatory effect on MDM2-p53 network. The sequence

alignment andthe allocation of the conserved regions are shown below pages

170-176 and summarised in figure 4.7.2. Note that the consensus sequenceis

indicated at the bottom of each stack of sequences.
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Previous work using p53 reporter luciferase activity assays and western

blot analyses have revealed that the amino terminal 344 amino acids of Mtbp

retained the ability of full length Mtbp to promote the MDM2 mediated down

regulation of p53 transcriptional activity. Moreover, the Co-IP andthe in vitro

binding assays have demonstrated the interaction between A344Mtbp and

MDM2. Taken together, these intriguing results and the presence of the

evolutionary conserved region IV (VFHYYGPALEFVQMI) within the amino

terminal 344 amino acids of Mtbp (Figure 4.7.2 and sequences alignmentat

pages 170-176), it could be proposed that the A344Mtbp harbours a functional

motif contributing to the effect of Mtbp on the p53-MDM2pathway.

Nevertheless, in section 4.1.2 we noted that we were not able to detect

similar function in mutants of Mtbp that retained all of this region together

with additional carboxy-terminal residues (see figures 4.1.2 and 4.1.5). This

could be due to a possible influence of the crude deletion modifications made

to the coding sequence of these mutants that may impact upon their, folding,

stability or post-translational modifications, indeed these could be the

underlying cause of the varying expression levels that we have observed

among these mutants.

To avoid such possible confounding effects from analysing gross

deletion mutants, we have chosen to generate new mutants using a more subtle

approach based upon a linker insertion mutagenesis strategy (described in

section 3.16). We have chosen to make these mutants of the human MTBP

cDNA,asit becameavailable to us during the course of these studies and since

it shares a high degree of structural and functional homology with the murine

Ryd



Results

Mtbp (see sequences alignment in section 4.5, figures 4.1.4-6). We used the

EZ-Tn5 transposon system (Reznikoffet al., 1999) to mutagenise MTBP with

the aim of generating mutants that could mimic the behaviour of full length

MTBP except when functional domain/s were disrupted by linker insertion.

Once identified, such functional region/s of MTBP could be mimicked by

small peptide to be used in blocking the interaction between MTBP and

MDM2, and hence compromise MDM?stability, which may permit p53

apoptosis in cancerouscells. This may have interesting opportunities for cancer

gene therapy

4.6. Mutagenising MTBP

The original MTBP cDNAwasclonedinto the NotI sites of the pCEP4

vector (Brady et al., 2005). However, as the EZ-Tn5 transposon system

introduces a NotI restriction site, which will later be used to select for

mutagenised clones; so the original pCEP4 Not! restriction sites used to clone

MTBP neededto be abolishedfirst in order to proceed with the mutagenesis of

MTBP.

4.6.1 Generating MTBP:pCEP4ANotl Expression Plasmid

The original clone of MTBP in pCEP4 was digested with Notl

restriction endonuclease and the sample was separated by GTG agarose gel

electrophoresis. The MTBP and pCEP4 bands were excised from the gel and

purified by GENE-CLEAN® Turbo Kit (Q.Biogene). Both of the DNA

PZ
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fragments -MTBP and pCEP4- were blunt ended with the Klenow fragmentof

DNA polymerase I (NEB). The 5’ phosphoryl groups of the vector pCEP4

were removed using Antarctic phosphatase (NEB) to prevent the vector re-

circularisation. Blunt end ligation reactions were set up to sub-clone MTBP

back into pCEP4. The ligation mixtures were used to transform One Shot®

E.coli competent cells and DNA plasmids were purified on small scale to

screen for the newly generated MTBP:pCEP4ANotl expression construct as

illustrated in figure 4.6.1 and refer to section 3.10 and 3.15.

Candidate clones were confirmed by loss of the Notl restriction site and

by determining that they contain an insert of the correct size in the correct

orientation; after restriction endonuclease digestion reactions utilizing

restriction enzymes Pvull, or Swal plus EcoRV, or EcoRI (figure 4.6.2).



Figure 4.6.1

Notl Notl

MTBP:pCEP4

 

Digestion with Not| restriction endonuclease

v
9’... GCGGCCGC.., 3’
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To minimize the vector backgroundin the sub-
Cloning strategy, the 5° phosphoryl groupof the
vector were removed using Antarctic phosphatase. 

MTBP was sub-cloned back into pCEP4
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Schematic diagram illustrating the

MTBP:pCEP4ANotl expression plasmid.
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Figure 4.6.2 MTBP:pCEP4ANotl. (A) Map of MTBP:pCEP4ANotlI construct.

(B) (C) and (E)Illustrate the new clone which has MTBPinserted in the

correct orientation based on having DNA fragments of the expected size

following restriction digestion reactions utilizing restriction enzymes Pvull,

EcoRI, or Swal plus EcoRV respectively. (D) Restriction digestion

demonstrates the loss of NotI site at the new clone. Clones were then

sequenced(as described in section 3.17.1) to confirm the clone fidelity.
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The new MTBP:pCEP4ANotl expression plasmid was transfected into

H1299 cells to check its expression level in comparison to the original

MTBP:pCEP4clone. Total cell lysates were separated on a 7.5% SDS-PAGE

and analysed by western blotting. The membrane was probed with Anti-sera#]

at 1/1000 dilution and the new MTBP:pCEP4ANotl showed comparable

expression levels to the original human MTBP:pCEP4 clone as shown in

figure 4.6.3. Constructing MTBP:pCEP4ANotl permitted the EZ-

TnS5mutagenesis of MTBP with the EZ-Tn5 (NotI/KAN-3) transposon.
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Figure 4.6.3 MTBP:pCEP4ANotI expression analyzed by western blot.

H1299 cell were transfected with 10 ug of indicated plasmids. Total cell

lysates were analyzed by western blotting with the indicated antibodies. The

arrows indicate expression band of MTBP:pCEP4ANotI in comparison to

original human MTBP:pCEP4clone and murine Mtbp:pCEP4.
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4.6.2 Generating MTBP:pCDNA3.1ANotI Expression Plasmid

During initial mutagenesis of MTBP:pCEP4ANotl by transposon linker

insertion, a skewed distribution of the transposon insertion into the pCEP4

vector was observed. Thus, in order to increase the probability of clones

harbouring the transposon within MTBP, a new MTBP:pCDNA3.1ANot!l

expression plasmid was generated utilising the pCDNA3.1 vector (Invitrogen)

which is a smaller vector than pCEP4 being 5.5 kb in length versus 10.2 kb,

respectively. The pCDNA3.1 vector was digested with Notl restriction

endonuclease and the DNA fragments were blunt ended with the Klenow

fragment of DNA polymerase I (NEB) (as describedin section 3.15).

The vector was then re-ligated creating a new Fsel restriction site.

Afterwards, the pCDNA3.1ANotl was digested with Fsel, and the MTBP was

retrieved by Fsel digestion of MTBP:pCEP4ANotl. Subsequently a sticky-

ended ligation reaction was set up to sub-clone MTBPinto the newly created

Fsel site in the multiple cloning site of pCDNA3.1ANotl(see figure 4.6.4 and

refer to section 3.10 and 3.15).
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Notl Fsel

1. Digestion with Notl restriction
endonuclease.

2. Blunt fragment’s end using DNA
polymerase I.

3. Re-ligateion creating Fsel
restriction site.

  

 

   

 

pCDNA3.1

ANoti site

 

  

 

Fsel + + Fsel

. 1. Digestion of both expression
MTBP:pCEP4 plasmids with Fsel. pCDNA3.4

ANoti 2. MTBPfragment sub-cloned into ANotl site
Fsel site of pCDNA3.1 vector.   

 

Fsel > Fsel
MTBP:pCDNA3.1

ANotiI site

Figure 4.6.4 Schematic diagram illustrating the generation of

MTBP:pCDNA3.1ANotI expression plasmid. Candidate clones were

confirmed by loss of the NotI restriction site and by having insert of the correct

size and in the correct orientation as judged by the fragment size obtained by

digestion reactions utilizing restriction enzymesFsel, or EcoRI, or Mscl(figure

4.6.5).

The newly generated MTBP:pCDNA3.1ANotI was mutagenised by the

EZ-Tn5 transposon system as described earlier (section 3.16). Based on

sequencing analyses, mutants having the transposon inserted within interesting

region/s within MTBP coding sequence were subjected to Fsel restriction

digestion to retrieve mutated MTBP from the MTBP:pCDNA3.1ANotl
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expression construct. The recovered mutated MTBP wasre-sub-cloned into the

Fselsite at the multiple cloning site of pCEP4ANotlIvector.

MTBP:pCDNA3.1

A. B. ANotI
es

Bu Fk
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Figure 4.6.5 MTBP:pCDNA3.1ANotl. (A) MTBP:pCDNA3.1ANotl map. (B)

Restriction digestion demonstrates the loss of NotI site at the new clone which

has MTBPinserted in the correct orientation based on having DNA fragments

of the expected size following restriction digestion reactions utilizing

restriction enzymes Fsel, EcoRI, or Mscl. Candidate clones were then

sequenced(as described in section 3.17.1) to confirm the clonefidelity.
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4.7. MTBP Mutagenesis.

EZ-TN™ In-Frame Linker Insertion Kit (EPICENTRE) was used to

introduce 19 codon insert into the coding sequence of MTBPas described in

section 3.16. One Shot® competent E.coli cells were transformed by the

transposon reaction mixture. After 24 hours colonies were picked and grown

overnight under kanamycin selection. For preliminary screening to identify

clones having the transposon insertion within the MTBP coding sequence,

DNA wasextracted and digested by Fsel or doubly digested by Nhel andSfil.

The restriction map information for each of MTBP, the vector, and EZ-Tn5

(NotI/KAN-3) transposon showedthatall three enzymes cut only once in the

multiple cloning site of the vector, and do not cut MTBP,or the transposon.

Therefore, restriction endonuclease digestion either by Fsel or the double

digest with Nhel and Sfil enabled us to identify clones where the transposon

was inserted within MTBP, as it would cause a shift in the MTBP fragment

migration from 2.7kb to 3.7kb when compared to bands of 1kb ladder

(Invitrogen)asillustrated in figure 4.7.1.

Candidate clones were then sequencedto identify the exact transposon

insertion site, either at MWG Biotech or by the author using the ABI

PRISM®3100 Genetic Analyzer (Applied Biosystems), at the Sequencing Lab

— Genomic Suite — School of Biological Sciences — University of Liverpool —

as described in section 3.17.1-. Over 200 MTBP mutants have been identified

and mapped, and

a

less than random distribution of transposon insert through

MTBP have been observed (figure 4.7.2); such observations have also been
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reported previously for other genes for example Reznikoff et al., (1999), who

observed some DNAtarget sequencebiases.

MTBP Screening for Transpson insertion
  

~3.7Kb

~2.7Kb  
Figure 4.7.1 DNA agarosegel of screening for Transposon insertion. DNA

agarose gel showingdifferent MTBP:pCEP4ANotl mutants. DNA was digested

by restriction endonuclease with Nhel/Sfil or Fsel to identify transposon

insertion. The arrows indicate MTBPclones having the insertion of the ~1kb

transposon within the coding sequence, which induces a shift in the MTBP

fragment migration from 2.7kb to 3.7kb.
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Figure 4.7.2 The different Tn5-transposon insertion sites of 19 codon

linker insertion transposition mutants within MTBP. Schematic diagram

represents a library of 200 MTBP transposition mutants generated in the

current study, DNA sequencing determined the transposoninsertion sites been

illustrated.

Once the transposon insertion site of the clones was determined, the

clones of interest were individually digested with NotI followed by purification

of the linearised clone DNA to separate it from the 1100bp kanamycin-

containing fragment. The linearised clones were then religated and the ligation

reaction mixture was transformed into E.coli by under ampicillin selection (as
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described in section 3.10.1). Successful religation would regenerate a single

Notl restriction site and would result in a cDNA clone harbouring a 57

nucleotide insertion. The insertion sites were remapped by sequencing as

described before and by double Nhel/Notl restriction endonuclease digests.

Both should cut only once, Nhel at the multiple cloning site of pCEP4ANotl

and NotI at the 19 codon transposon fragmentasillustrated in figure 4.7.3.

Having generated a library of MTBP mutants, further experiments

similar to those utilised to investigate Mtbp deletion mutants, are needed to

determine which region/s encode functional motifs of MTBP. These mutants

therefore provide a potentially powerful resource for future studies to refine

our structure/function studies described in this thesis.

As described in 4.9 we have identified a potential role of MTBP

expression in HNSCC. Wehavetherefore initiated studies of MTBP in vitro

using HNSCCcells as described below. In future, it is hoped that the mutants

generated in this thesis will be used to examine the function of MTBP in

HNSCCcells in greaterdetail.
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Figure 4.7.3 Demonstrates a group of MTBP mutants harbouring the 19

codon transposon. MTBP mutants having the 19 codon transposon which

contain a single NotI site, screened for by Nhel/NotI double digestion. The

numbering corresponds to position of the 1 nucleotide of the transposon

within the coding sequence of MTBP.
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4.8. MTBP in Head and Neck Squamous Cell Carcinoma

(HNSCC)cell lines.

Recently, a group of cis-imidazoline analogues named Nutlins, have

been developed by Roche. They selectivity bind MDM2in the p53-binding

pocket displacing p53 from the complex, hence stabilizing p53, and activating

the p53 pathway in vitro and in vivo, which induces p53-dependent apoptosis

and cell cycle arrest in cells with wild-type p53, but not in cells with deleted or

mutated p53 (Vassilevet al., 2004a, Vassilev, 2004b).

In a related study, conducted in our research group, the effect of

activating p53 in a panel of head and neck squamouscell carcinoma (HNSCC)

cell lines with different p53 status was being carried out utilising Nutlin-3.

Since, we have obtained a new monoclonal MTBP-antibody (T-14) (ProMab

Biotechnologies) that detects endogenous protein and considering the reported

observations regarding the MTBPeffect on p53 stabilization (Brady etal.,

2005) and cellular proliferation (Boydet al., 2000a), we have beenintrigued to

investigate the potential effect of the MDM2 inhibitor -Nutlin-3- on MTBP.

This work has been given increased impetussince the studies I have performed

on MTBPexpression in HNSCC cancers described in section 4.9 showsthat

loss of MTBP expression may contribute to disease progression or at least to

the behaviour of HNSCCcells in vivo. Therefore, a panel of HNSCCcell lines

with different p53 status were treated with varying concentrations of Nutlin-3

(0-5uM) as described in section 3.18. The protein levels of MTBP,p53, andits
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transcriptional targets MDM2, and p21 were analysed by western blot and cell

viability was assessed bycell counting and flow-cytometry.

The HNSCC cell lines were kindly provided by Prof. T.Carey,

University of Michigan Medical School. Two of the lines harbour wild type

p53; UM-SCC 17AS and UM-SCC-74A. Three have p53 missense mutations;

UM-SCC 14A, UM-SCC 22A, and UM-SCC 81B, and one; UM-SCC 12 has a

homozygous p53 deletion (see appendix E for further details) (Carey et al.,

1983, Frank et al., 1997, Lin etal., 2007).

4.8.1 The MDM2inhibitor Nutlin-3 Down Regulates MTBP in Wild

Type p53 Background.

Counting cell samples collected from Nutlin-3 treated mutant p53 cell

lines UM-SCC 14A, UM-SCC 22A, and UM-SCC 81B,and the p53 deficient

UM-SCC 12 cell line, showed the ability of these cells to continue growing

albeit a minor dose dependent reduction in growth was observed. No

significant changesofcellular distribution over the different cell cycle phases

were detectable by FACSasillustrated in figures 4.8.1-4.

Cell samples were analyzed by western blotting to investigate the effect

Nutlin-3 treatment on the protein levels of MTBP, p53, andits transcriptional

targets MDM2and p21. As expected the p53-deficient and mutantcells did not

show any clear changes of any of p53, MDM2,p21 and MTBPprotein levels

(Figures 4.8.1-4).
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Figure 4.8.1 illustrates the effect of Nutlin-3 on the p53-deficient HNSCC-

12 cell line. Cells were treated with Nutlin-3 as indicated and samples were

collected after 24 and 48 hours. (A) Cell samples were analyzed by SDS-

PAGE followed with western blotting with the indicated antibodies (as

described in sections 3.7.2, 3.7.3, and 3.7.5). Note that a new monoclonal

antibody T-14 was used to detect endogenous MTBP. (B) Apart from a

minimal albeit apparently dose dependent growth reduction, no effect on cell

growth can be detected by cell counting. (C) FACSanalysis kindly conducted

and provided by Dr. T. Devling, showed nosignificant changes uponcell cycle.
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Figure 4.8.2 illustrates the effect of Nutlin-3 on the p53-mutant HNSCC-

14A cell line. Cells were treated with Nutlin-3 as indicated and samples were

collected after 24 and 48 hours. (A) Cell samples were analyzed by SDS-

PAGEfollowed with western blotting with indicated anti-bodies (as described

in sections 3.7.2, 3.7.3, and 3.7.5). Note that a new monoclonal antibody T-14

was used to detect endogenous MTBP. (B) Apart from a minimal albeit

apparently dose dependent growth reduction, no effect on cell growth can be

detected by cell counting. (C) FACSanalysis kindly conducted and provided

by Dr. T.Devling, showed no significant changes uponcell cycle.
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Figure 4.8.3 illustrates the effect of Nutlin-3 on the p53-mutant HNSCC-

22A cell line. Cells were treated with Nutlin-3 as indicated and samples were

collected after 24 and 48 hours. (A) Cell samples were analyzed by SDS-

PAGEfollowed with western blotting with indicated anti-bodies (as described

in sections 3.7.2, 3.7.3, and 3.7.5). Note that a new monoclonal antibody T-14

was used to detect endogenous MTBP. (B) Apart from a minimal albeit

apparently dose dependent growth reduction, no effect on cell growth can be

detected by cell counting. (C) FACS analysis kindly conducted and provided

by Dr. T.Devling, showed nosignificant changes uponcell cycle.
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Figure 4.8.4 illustrates the effect of Nutlin-3 on the p53-mutant HNSCC-

81B cell line. Cells were treated with Nutlin-3 as indicated and samples were

collected after 24 and 48 hours. (A) Cell samples were analyzed by SDS-

PAGEfollowed with western blotting with indicated anti-bodies (as described

in sections 3.7.2, 3.7.3, and 3.7.5). Note that a new monoclonal antibody T-14

was used to detect endogenous MTBP. (B) Apart from a minimal albeit

apparently dose dependent growth reduction, no effect on cell growth can be

detected by cell counting. (C) FACSanalysis kindly conducted and provided

by Dr. T.Devling, showed no significant changes uponcell cycle.

In contrast to the studies of p53 mutantcell lines, UM-SCC 17AS and

UM-SCC 74A cell lines, which harbour functional wild type p53, displayed

significant dose dependent growth inhibition upon Nutlin-3 application as

190



Results

figures 4.8.5-6 illustrate. Moreover, FACS analysis showed a blockageofcell

entry into S phase with 5M dose of Nutlin-3, whichlead to cell accumulation

in the G0/G1 phase of the cell cycle. The results from western blot analysis

revealed a significant Nutlin-3-mediated increase of p53 protein levels,

together with concomitant accumulation of the p53 transcriptional targets

MDM2and p21 (figures 4.8.5-6). These findings of the current study are

consistent with the general consensus of literature that describes Nutlin-3

induced activation of p53 pathway in vitro and in vivo, and p53-dependent

apoptosis and cell cycle arrest in cells with wild-type p53, but not in cells with

deleted or mutated p53 (Vassilevet al., 2004a, Vassilev, 2004b, Maimetset al.,

2008).

Interestingly, western blot analysis showed that MTBPprotein levels

declined to undetectable levels in response to 5uM dose of Nutlin-3 (figures

4.8.5-6). One possible explanation for this finding might be related to earlier

research conducted by our research group, in whichit was observed that MTBP

expression increased in response to growth factor stimulation (PDGF for

example) (M. Boyd et al unpublished data). Since Nutlin causes cell cycle

arrest in GO/G1 phase this could be the cause of the reduction in MTBPlevels

observed with Nutlin-3 application.
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Figure 4.8.5 illustrates the effect of Nutlin-3 on the wild type-p53 HNSCC-

17AScell line. Cells were treated with Nutlin-3 as indicated and samples were

collected after 24 and 48 hours. (A) Cell samples were analyzed by SDS-

PAGEfollowed with western blotting with indicated anti-bodies (as described

in sections 3.7.2, 3.7.3, and 3.7.5). Note that a new monoclonal antibody T-14

was used to detect endogenous MTBP. (B) Cell counts demonstrate a

significant dose-dependent inhibition of cellular growth. (C) FACS analysis

kindly conducted and provided by Dr. T.Devling, showed a significant

accumulation of cells in GO/G1 phase.
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Figure 4.8.6 illustrates the effect of Nutlin-3 on the wild type-p53 HNSCC-

74A cell line. Cells were treated with Nutlin-3 as indicated and samples were

collected after 24 and 48 hours. (A) Cell samples were analyzed by SDS-

PAGEfollowed with western blotting with indicated anti-bodies (as described

in sections 3.7.2, 3.7.3, and 3.7.5). Note that a new monoclonal antibody T-14

was used to detect endogenous MTBP. (B) Cell counts demonstrate a

significant dose-dependent inhibition of cellular growth. (C) FACSanalysis

kindly conducted and provided by Dr. T.Devling, showed a significant

accumulation of cells in GO/G1 phase.
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4.9. MTBP expression in Head and Neck Squamous Cell

Cancer

4.9.1 HNSCC TMA Immunohistochemical Staining and Statistical

Analysis.

Immunohistochemical staining (IHC) of HNSCC tissue microarray

(TMA) was performed by Mr. A. Dodson, Department of Pathology,

University of Liverpool. HNSCC TMAcontained tissue cores from formalin-

fixed and paraffin embedded HNSCCspecimensandall were stained on Dako

Autostainer using Dako Advancelabelled polymer detection system (K4068)

(Dako Cytomation Ltd). All slides were subjected to high temperature antigen

retrieval (pressure-cooking in 10mM EDTA pH7.0). Primary antibodies used

were: anti-p53 Dako M7001 (clone DO-7) (Dako Cytomation Ltd) at 1:200

dilution, anti-MDM2 (clone SMP14) (Santa Cruz Biotechnology) at 1:100

dilution, anti-MTBP anti-ser#1(described in section 3.2.2) at1:1000 dilution,

and anti-Ki67 NCL-Ki67-MM1 (clone MM1) (Novocastra Laboratories Ltd) at

1:100 dilution.

Data from immunohistochemical staining for p53, and MDM2 of 200

samples of an HNSCC TMAwaskindly provided by Dr. T. Helliwell, School

of Cancer Studies, University of Liverpool, alongside the relevant

histopathological and clinical data i.e. site of primary tumour, TN_ staging

lymph node involvement, patients overall survival and the tumour

differentiation grade. The cut-off point for p53 positivity was established
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at >10% cells of the core with nuclear staining. Tumours with >75% cells

displaying nuclear staining of MDM2were regarded aspositive, and nuclear

staining was defined aspositive for Ki67 when more than 17% of the tumour

cells nuclei were stained.

Dr. T. Helliwell, and Mr A. El-Fert conducted the histopathological

examination and MTBPstaining was detected in the cytoplasm and/or the

nuclei, the examined core was considered informative and analysis considered

successful when the core contained >10% tumour cells. The extent and

intensity of MTBPstaining was assessed on two separate occasions, evaluating

two or three cores for each case. MTBP cytoplasmic expression was assigned

an intensity grade from 0 to 3 with 0 representing no staining (figure 4.9.1.A) /

1 = weakstaining (figure 4.9.1.B) / 2 = moderate staining (figure 4.9.1.C) and

3 = strong staining (figure 4.9.1.D). The final agreed scoring placed cases into

two categories; low expression (0/1), and high expression (2/3). MTBP nuclear

staining was considered positive when more than 10% of cells had nuclear

staining.

Categorical data wasstatistically analyzed by chi square (7) method

with Fisher's exact test - always 2-tailed - and non-parametric Spearman

Correlation (9) when appropriate. Overall survival was calculated from the

time of surgery to the date of death or the date of last follow-up for those alive.

Survival analysis was undertaken using Kaplan-Meier method and curves were

compared using the log-rank test. A p-value of < 0.05 was considered to be

statistically significant. All the statistical analysis was performed using

SPSS16.0 statistical software (SPSSInc., 2008).
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Figure 4.9.1. Immunohistochemical staining for MTBP in HNSCC.

Immunohistochemistry was performed by Mr. A. Dodson. The primary

antibody used to detect MTBP in HNSCC was anti-MTBP anti-sera#1 at

1:1000 dilution (described in section 3.2.2). (A) Illustrates grade (0) = no

cytoplasmic stain (note the positive nuclear stain), (B) grade (1) = week

cytoplasmic stain, (C) grade (2) = moderate cytoplasmic stain and (D)

represents grade (3) = strong cytoplasmic stain (original magnification x40).
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4.9.2 Lymph Node Metastasis Associated Significantly with Lower

Survival rate in HNSCC.

The presence of nodal metastasis, and the site of the primary tumour

have generally been considered the main prognostic factors for HNSCC (Shah,

1990a, Chung et al., 2004, Shores et al., 2004, Li et al., 2004c). Different

mechanisms were suggested for HNSCC dissemination from the primarysite to

the regional lymph nodes by: direct extension, haematogenous spread, or

predominantly via lymphatics possibly through existing lymph vessels or

through new intra-tumoural lymphangiogenesis (Beasley et al., 2002, Maulaet

al., 2003). In agreement with mostofliterature, our statistical analysis detected

significant association between lymph node involvement and lower overall

survival rates (Piog-rank) < 0.0001) figure 4.9.2.

Lymph node metastases were significantly associated with the

differentiation grade of tumours, as poorer differentiated tumours showed more

frequent nodal metastasis (Py2) < 0.0001 and Py < 0.0001) table 4.9.1.

Moreover, analysis demonstrated significant differences between the different

tumour sites and nodal metastasis frequency (Py) = 0.001 and Py = 0.005).

The highest percentage of lymph node involvement was observed with the

pharyngeal tumours as shown in table 4.9.2. The present findings seem to be

consistent with other studies which have found that pharyngeal carcinomas

were at highest risk for regional nodal metastasis (Shah, 1990b, Candelaetal.,

1990, Beasley et al., 2002).
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Figure 4.9.2 Relationship between lymph node status and survival rate in

HNSCC. Kaplan-Meier overall 5 years survival curves for HNSCC patients

with positive lymph node metastasis versus HNSCC patients with free lymph

node. The log-rank test was used to compare the different curves, and revealed

a significant association between positive lymph node metastasis and reduced

survival rate (P < 0.0001).
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Table (4.9.1) Relationship between lymph node status and tumour

differentiation in HNSCC.

 

 

 

 

 

          

Lymph Node Involvement p-value p p-value

Negative |Positive| Total

4 Well (n) 34 5 99

(5 |Differentiated

5 (%)| 87.2 128 100
8
8
2 Moderately (n)]| 53 42 95

A Differentiated
>

S (%)} 55.8 44.2 100

18.127 |< 0.0001} 0.275 < 0.0001
Poorly (n) 30 36 66

Differentiated

(%)} 45.5 54.5 100

Total (n)} 117 83 200

(%)| 58.5 41.5 100

 

Table 4.9.1. Illustrates significant association between lymph node

involvement and poorly differentiated tumours. Note the positive

association between the tumours with poor histologic grading and higher

percentage of lymph node involvement (P < 0.0001).
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Table (4.9.2) Relationship between lymph nodestatus and the anatomical

site of the primary HNSCC tumour.

 

Lymph Node Involvement

 

 

 
 

 

       

x p-value] p_ |p-value

Negative| Positive Total

gw |Oral (n) 28 17 45
5

2
E (%)} 62.2 37.8 100.0

fH

B
€& |Larynx (n) 59 24 83

a

(%)P 71.1 28.9 100.0

14.075 0.001 0.197] 0.005

Pharynx (7) 30 42 he

(%)} 41.7 58.3 100.0

Total (n)} 117 83 200

(%)| 58.5 41.5 100.0   
 

Table 4.9.2. Demonstrates the relation between the primary tumoursite

and lymph node involvement. Note the high percentage of lymph node

involvement (58.3%) with the pharyngeal tumours.
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4.9.3 p53 status in the current cohort of HNSCC samples.

p53 over expression in HNSCChas been detected by many studies and

it has been associated with frequent local recurrence and the development of

additional primary tumours (Camineroet al., 1996, Jin et al., 1998, Homann et

al., 2001). Nevertheless, the effect of p53 over expression on patients’ survival

rates has been linked with inconsistent outcomes. While, several studies have

found that p53 over expression was associated with a significantly worse

prognosis and reduced survival (Caminero et al., 1996, Shin et al., 1996,

Spafford et al., 1996, Jin et al., 1998, Lavertu et al., 2001, Osmanet al., 2002,

Vielba et al., 2003), a second group of studies did not detect any statistically

significant association between p53 over expression and patients’ survival rates

(Frank et al., 1994, Michalides et al., 1997, Pruneri et al., 1998). Perhaps even

more surprisingly, Rowley et al. 1998 proposed that p53 expression in

hypopharyngeal tumours was associated with a statistically significant

increased survival rate (Rowleyet al., 1998).

In our study p53 expression was detected in 56.5% of cases (113 cases

out of total 200 cases) and this finding is in agreement with most of published

literature that reported a varying 40% to over 70% prevalence of p53 over

expression in HNSCC (Camineroet al., 1996, Jin et al., 1998, Homannet al.,

2001), one example is Levieille et al. 1996 who detected expression of p53 at

56.5% of advanced HNSCC tumours. In the current study, 67% of deceased

HNSCCpatients (63 out of 94 dead patients in the cohort of the current study;

see appendix C) presented with tumours which expressed high levels of p53.
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However, Kaplan-Meier survival analysis showed that p53 over expression did

not lower the survival rate (Piiog-rank) = 0.074) figure 4.9.3. Nevertheless, using

Breslow chi-square analysis did suggest a significant difference between

survival rates for patients grouped by p53 expression (p-value = 0.038).

Similar to Levieille et al. 1996, Rowley et al. 1998 and Khademiet al.,

2002, no significant association was found between p53 expression levels and

the tumourhistological differentiation (P72) = 0.636) see table 4.9.3.

Moreover, no significant association was detected between p53

expression and nodal involvement in this study (Piz) = 0.794) see table 4.9.4,

which contradicts the findings of Unal et al., 1999 and Khademiet al., 2002

(Unal et al., 1999, Khademiet al., 2002). Nevertheless, the present finding is

comparable to Rowley et al. 1998 and Takes et al., 2002, which showed no

significant association between p53 expression and nodal metastasis (Rowley

et al., 1998, Takes et al., 2002).
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Table (4.9.3) The relation between p53 status and HNSCC tumour

differentiation grade.

 

 

 

 
 

 

p53
2
x p-value

Negative Positive Total

2 |Well (n) 19 20 39
xs

3 |Differentiated

g (%)} 48.7 51.3 100
=
5
‘2 |Moderately (n)| 42 53 95

= differentiated
D>

= (%)} 44.2 55.8 100

= 0.904 0.636
Poorly (n) 26 40 66

Differentiated

(%)| 39.4 60.6 100

 

Total (n)| 87 113. 200

(%)| 43.5 56.5 100        
Table (4.9.3) No significant association was found between p53 status and

tumour histopathological differentiation grade in the current cohort of

HNSCCpatients.



Results

Table (4.9.4) The relation between p53 status and lymph node involvement

 

 

 

 

 

in HNSCC.

p53

x p-value

Negative} Positive Total

2 Negative (7) 52 65 117

5
n

3 (%)| 44.4 55.6 100
a

G
Q,

5 Positive (n)| 35 48 83

0.102 0.749

(%)| 42.2 57.8 100

Total (n)} 87 113 200

(%)} 43.5 56.5 100         
 

Table (4.9.4) No significant association was detected between p53 status

and lymph nodeinvolvementin the current cohort of HNSCCpatients.
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Figure 4.9.3 p53 expression did not affect the survival rate in HNSCC.

Kaplan-Meier overall 5 years survival curves for HNSCCpatients with positive

p53 versus HNSCCpatients with p53 negative. The log-rank test was used to

compare the different curves, and no significant association could be detected

between p53 expression and survival rate (P = 0.074). Nevertheless, Breslow

test did suggest a significant association of p53 positivity and reduced survival

rates (p-value = 0.038).
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4.9.4 MDMz2statusin the current cohort of HNSCC samples.

MDM2overexpression has been reported in 70-80% of HNSCC cases

(Ralhan et al., 2000, Osmanet al., 2002, Valentin-Vegaet al., 2007) and it was

proposed as an alternative mechanism by which p53is inactivated in HNSCC

tumourigenesis (Pruneriet al., 1997, Agarwalet al., 1999).

In the current study, MDM2expression was detected in 49.5% of the

samples (99 cases out of total 200 cases) and this finding is in agreement with

Millon et al., (2001), who reported MDM2 immunostaining in 47% of their

study group of HNSCC samples. Kaplan-Meier survival analysis showed that

MDM2expression did not associate with the survival of our group of HNSCC

patients (Pog-rank) = 9.248) figure 4.9.4. However, a higher proportion of dead

patients’ tumour samples (56.4%) had low for MDM2 expression (see

appendix C).

Moreover, The MDM2expression level was not associated with either

histological differentiation grade of the tumours (Py) = 0.760) or lymph node

involvement (P42) = 0.793) as shownin table 4.9.5 and table 4.9.6 respectively.
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Figure 4.9.4 MDM2expression did not affect the survival rate in HNSCC.

Kaplan-Meier overall 5 years survival curves for HNSCCpatients with high

MDM2versus HNSCCpatients with low MDM2. The log-rank test was used

to compare the different curves, and no significant association could be

detected between MDM2expression and survival rate (P = 0.248).
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Table (4.9.5) The relation between MDM2 expression and tumour

histological grade in HNSCC.

 

 

 

 

 

 

MDM2 Expression
xy |p-value

Low High Total

» [Well (n)} 21 18 9
& |Differentiated (%)| 53.8 46.2 100
.
°

‘3 |Moderately —(n) 49 46 "=
a
5 Differentiated (%)| 51.6 Ag4 100
:

0.548

|

0.760

" Poorly (n) 31 35 a6
° r :
E Differentiated (%) 47 53 100

Total (n) 101 99 200

(%)} 50.5 49.5 100          
Table (4.9.5) showsthat no significant association could be found between

MDM2expression and tumour histological differentiation grade in the

current cohort of HNSCCpatients.
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Table (4.9.6) The relation between MDM2 expression and lymph node

involvement in HNSCC.

 

 

 

 

 

Lymph node involvement ¥ p-value

Negative Positive Total

g Low (n) 60 4] 101

me
oH (%) 59.4 40.6 100
NN
=

S
High (n) 57 42 99

0.069 0.793

(%) 57.6 42.4 100

Total (n) 117 83 200

(%) 58.5 41.5 100         
Table (4.9.6) demonstrates that no significant association could be detected

between MDM2 expression and lymph node involvement in the current

cohort of HNSCCpatients.
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4.9.5 Analysis of MTBP expression in HNSCC tumours.

MTBPis an MDM2binding protein that can increase the stability of

MDM2andin so doing down regulate p53 (Brady et al., 2005). We therefore

investigated whether differences in MTBP expression mightbe associated with

any clinical parameters such as grade, nodal status, or overall survival or

whether there was any apparent interaction of MTBP with p53 and/or MDM2

status in this cohort ofpatients.

4.9.5.1 MTBP subcellular localisation might either contribute to or be

associated with the progression of HNSCC tumours.

MTBPexpression was observed in the cytoplasm and/or the nucleus of

malignantcells. The intensity and prevalence of MTBP cytoplasmic expression

was found to increase significantly in correlation with the tumour grading,i.e.

higher cytoplasmic MTBPexpression was generally observed associated with

the more advanced tumour grade (Py2) = 0.001 and Py < 0.0001) as shown in

table 4.9.7.

Interestingly, the nuclear expression of MTBP behaved in a different

manner, such that MTBPnuclearstaining is significantly associated with early

stage tumours (P%=0.003 and Py=0.002) and well differentiated

malignancies (P/,2=0.012 and Pyj=0.003) as shown in table 4.9.8. Moreover,a

statistically significant inverse correlation was found between the cytoplasmic

and nuclear MTBP expression (Py) < 0.0001 and Py < 0.0001) as

demonstrated in table 4.9.9.
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It is noteworthy that grouping the MTBP subcellular expression into

one expression phenotype (i.e. designating low cytoplasmic with negative

nuclear MTBP phenotype as negative MTBP, and all other expression

phenotypes considered as positive MTBP expression) did not show any

significant association with tumour differentiation grade as demonstrated in

table 4.9.15.

So, statistical analysis revealed strong associations between tumour

grading and localisation of MTBP expression. Poorly differentiated tumours

were found to preferentially lose nuclear expression of MTBP and display

higher MTBP cytoplasmic expression and the reverse was seen for well

differentiated tumours. Combining this with the strong inverse correlation

observed between cytoplasmic and nuclear MTBP expression, it can be

proposed that changesin the subcellular localisation of MTBP from nuclear to

cytoplasmic might either contribute to or be associated with the progression of

HNSCCtumours.
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Table (4.9.7) Cytoplasmic MTBP significantly associates with the

histological grade but not T. stage of the tumour samples of the current

study HNSCC group. Note that the poorer the differentiation of the tumour a

higher percentage of the malignant cells showed high cytoplasmic MTBPstain.

 

 

 

 

 

 

 

 

          

Cytoplasmic MTBP]| x p-value] ep p-value

Low High Total

2 Well (n)]} 27 7 34
oS

6  |Differentiated
S (%)| 79.4 20.6 100

3
—&  |Moderately (n)} 61 28 89

&  |Differentiated
A (%){ 68.5 31.5 100

3 14.275 0.001 0.273 |< 0.0001
5 Poorly (n)} 28 35 63
fH

Differentiated
(%)} 44.4 55.6 100

Total (n)} 116 70 186

(%)} 62.4 37.6 100

y |T1-T2 (n) 42 20 62
3

m (%) 67.7 32.3 100

T3-T4 (n) |74 50 |124

1.145 0.285 ]0.078] 0.287

(%) 59.7 40.3 100

Total (n)} 116 70 186

(%) 62.4 37.6 100
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Table (4.9.8) MTBP nuclear stain significantly associates with tumour

histological grade and T. stage in current study HNSCC group. Note that

the poorer the differentiation of the tumour or more advanced T stage, the

higher the percentage of malignant cells showed loss of the nuclear MTBP

stain.

 

Nuclear MTBP x |p-value] p D-

 : ~. value
Negative |Positive |Total

 

Well (n) |12 22 34

Differentiated
(%)} 35.3 64.7 100

 

Moderately (n) 47 42 89

Differentiated
(%) 52.8 47.2 100

8.912] 0.012 ]-0.216] 0.003
 

Poorly (n) 42 21 63

Differentiated

T
u
m
o
u
r

Di
ff
er
en
ti
at
io
n
G
r
a
d
e

(%)| 66.7 |33.3 |100

 

Total (n) |101 85 |186

(%)} 54.3 45.7 100

 

T1-T2 (n) 24 38 62

T
st
ag
e

(%) |38.7 |61.3. |100

 

T3-T4 (n) 77 47 124

9.110] 0.003 ]-0.221] 0.002

(%) 62.1 37.9 100

 

Total (n)

|

101 85

|

186

(%) |543 |45.7 |100          
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Table (4.9.9) MTBP nuclear stain and MTBP cytoplasmic stain

 

 

 

 

 

relationship in HNSCC.

Nuclear MTBP

x p-value p p-value
Negative |Positive} Total

a Low (n) 50 66 116

fe

. (%) 43.1 56.9 100
5
< |High (n)} 51 19 70
2 15.574 |< 0.0001 -0.289 |< 0.0001

- (%)) 72.9 27.1 100

Total (n)} 101 85 186

(%)| 54.3 45.7 100         
 

Table 4.9.9 demonstrates a significant inverse correlation between MTBP

nuclear stain and MTBP cytoplasmic stain in HNSCC. While, 72.9% of

cells with high cytoplasmic expression of MTBP showedloss of the nuclear

MTBPstain, 56.9% of cells with MTBP nuclear stain showed low cytoplasmic

expression of MTBP.
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4.9.5.2 MTBP cytoplasmic expression significantly correlates to MDM2

expression in HNSCC.

Previous studies have described the interaction between MTBP and

MDM2 and showed that MTBP over expression led to an arrest in the Gl

phase of the cell cycle, which was suppressed by MDM2expression (Boydet

al., 2000a). On the other hand, Bradyet al., (2005), had observed that MTBP

expression led to the stabilization of MDM2 with concomitant decrease of p53

protein levels andactivity, such observations were supported by the findings of

the current study (see section 4.1 figures 4.1.2-6). Moreover, MTBP and

MDM2co-localisation and re-distributions between the nucleus and cytoplasm

in response to different MTBP:MDM2transfection ratios have been described

in previous study and supported in the current experiments (see section 4.3).

Therefore, we aimed to investigate the relation between MDM2 and MTBP

expression in HNSCCin vivo.

Statistical analysis did not reveal any significant association between

MDM2expression andthe nuclear staining for MTBP (Py) = 0.202); however,

a weak trend was observed between loss of MTBP nuclear staining and higher

MDM2expressionsee table 4.9.10.

215



Results
 

Table (4.9.10) The relationship between MTBP nuclear expression and

MD®M2status in HNSCC.

 

MTBP Nuclear

xX |p-value}| p_ |p-value 

Negative} Positive Total

 

Low (n)| 44 45 89

(%)| 49.4 50.6 100
 

High (n)} 57 40 97
1.626] 0.202 }-0.094] 0.204

(%)| 58.8 41.2 100

 

M
D
M
2
E
x
p
r
e
s
s
i
o
n

Total (n)} 101 85 186

(%)) 54.3 45.7 100           
Table 4.9.10 No significant association between MTBP nuclear stain and

MDM2stain in HNSCC.Note the weak trend between loss of MTBPnuclear

staining and higher MDM2expression detected in 58.8% of tumourcells.
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Interestingly, a significant positive correlation was found between

MDM2andcytoplasmic expression of MTBP (Py) = 0.023 and Py = 0.023)

as shownin table 4.9.11.

Table (4.9.11) The relationship between MTBP cytoplasmic stain and

MDM2expression in HNSCC.

 

 

 

 
 

        

Cytoplasmic MTBP

y |p-value} p  |p-value

Low High Total

ce |Low (| 63 26 89

= (%)| 70.8 29.2 100
cf
N .

S |High (n)} 53 44 97
S 5.156] 0.023 0.166] 0.023

(%)| 54.6 45.4 100

Total (n)| 116 70 186

(%)| 62.4 37.6 100  
 

Table 4.9.11 shows significant association between MTBP cytoplasmic

stain and MDM?stain in HNSCC. Note that 70.8% of HNSCCcells showed

low expression levels of both MDM2and cytoplasmic MTBP (Py) = 0.023

and Py) = 0.023).
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4.9.5.3 MTBP expression significantly correlates to Ki67 expression in

HNSCC.

It was interesting to note that MTBP expression both nuclear and

cytoplasmic showed significant positive correlations with Ki67 expression (see

table 4.9.12) (Paz) = 0.001 and Py = 0.0001) and (Py2) = 0.037 and Py) =

0.038) respectively. Ki67 is a nuclear protein found in dividing cells, (late G1-

S phase, G2 and M phase but not in GO phase) but not in the resting cells.

Determination of Ki67 expression is the current standard procedure to assess

the proliferative activity of cells in tissue sections (Gerdeset al., 1984, Schluter

et al., 1993). In HNSCC over expression of Ki67 has been suggested to

correlate significantly with local recurrence and lower survival rate

(Grabenbaueret al., 2000, Lavertu et al., 2001).

These findings support our findings described in section 4.8, where

MTBPprotein levels declined to undetectable levels in response to 5uM dose

of Nutlin-3 in a p53 wild type back ground possibly due to Nutlin-3 induced

cell cycle arrest in GO/G1 phase (see figures 4.8.5-6). This also accords with

earlier finding observed by our research group, which showed that MTBP

expression increased in response to growth factor stimulation (PDGF for

example) (M. Boyd et al unpublished data). It is likely therefore that MTBP

expression might be associated with cellular proliferation.
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Table (4.9.12) The relation between MTBP cytoplasmic stain and Ki67

expression in HNSCC.

 

 

 

 

 

 

 
 

 

ki67 ;
xX [p-value] pe {p-value

Negative Positive Total

a Negative (n) 60 4] 101
fH

2 (%)| 59.4 40.6 100
oO

SZ Positive (n) 30 a0 85
4 10.745} 0.001 0.240 0.001

(%) 35.3 64.7 100

Total (n) 90 96 186

(%)}| 48.4 51.6 100

Ay

ea]
fH

a Low (n)| 63 53 116
2

5 (%) 54.3 45.7 100
ra
= High (n) 27 43 70 4.330 0.037 0.153 0.038
oO

(%) 38.6 61.4 100

Total (n) 90 96 186

(%) 48.4 51.6 100        
 

Table 4.9.12 showssignificant association between MTBP expression and

Ki67 status in HNSCC. MTBPnuclear expression showed significant positive

correlations with Ki67 expression (P(v2) = 0.001 and P(p) = 0.0001), also

cytoplasmic MTBP showed significant positive correlations with Ki67

expression (P(¥2) = 0.037 and Py= 0.038).
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4.9.5.4 MTBP expression did not associate with nodal status, overall

survival and p53 status in HNSCC.

Neither nuclear nor cytoplasmic MTBP expression showed any

significant association with overall survival rates (P(og-rank) = 9.988 & Piiog-rank)

= 0.164, respectively) figure 4.9.5 and 4.9.6.

Moreover, No significant association could be detected between nuclear

or cytoplasmic MTBP expression and nodal involvement (Py2) = 0.105) (Py) =

0.728) respectively as shown in table 4.9.13. Neither could we detect

significant differences between p53 and either nuclear or cytoplasmic MTBP

expression (P72) = 0.064) (Py) = 0.534) respectively table 4.9.14.

In light of these results, we investigated whether combining the MTBP

subcellular expression into one expression phenotype (i.e. designating low

cytoplasmic with negative nuclear MTBP phenotype as negative MTBP (50

samples), all other expression phenotypes considered as positive MTBP

expression (136 samples)) would reveal possible association with any clinical

parameters or p53and/or MDM2status. Howeverstatistical analysis could not

detect any significant association between MTBP expression and tumour

differentiation grade, nodal status as shown in table 4.9.15, p53, or MDM2

expression status as describedin table 4.916, or overall survival figure 4.9.7.
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Figure 4.9.5 MTBP nuclear expression did not affect the survival rate in

HNSCC.Kaplan-Meieroverall 5 years survival curves for 85 HNSCC patients

with positive nuclear MTBP stain versus 99 HNSCCpatients with negative

nuclear MTBPstain. The log-rank test was used to compare the different

curves, and no significant association could be detected between MTBP

nuclear expression and survival rate (P = 0.988).
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Figure 4.9.6 MTBP cytoplasmic expression did not affect the survival rate

in HNSCC. Kaplan-Meier overall 5 years survival curves for 69 HNSCC

patients with high cytoplasmic MTBPstain versus 115 HNSCCpatients with

low cytoplasmic MTBP stain. The log-rank test was used to compare the

different curves, and no significant association could be detected between

MTBPcytoplasmic expression and survival rate (P = 0.164).
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Table (4.9.13) The relationship between MTBPsubcellular expression and

lymphnode involvement in HNSCC.

 

 

 

 

 

 

 
 

      

Lymphnode Involvement ;
x p-value

Negative Positive Total

= Low (n)| 66 50 116

fH
s (%)} 56.9 43.1 100
oO

E High (n) 38 32 70
a 0.121 0.728
5 (%)) 54.3 45.7 100
Py

U-|Total (n)| 104 82 186

(%)} 55.9 44] 100

pe Negative (n) 51 50 101

= (%) 50.5 49.5 100

S [Positive (| 53 32 85
S 0.121 0.728
Z (%)] 62.4 37.6 100

Total (n)} 104 82 186

(%)) 55.9 44] 100   
 

Table 4.9.13 showsthat neither nuclear nor cytoplasmic MTBP expression

showed any significant association with lymph node involvement in the

current cohort of HNSCCpatients.
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Table (4.9.14) The relationship between MTBP subcellular expression and

p53 status in HNSCC.

 

 

 

 

 

 

 

 

p53 Status ;
x p-value

Negative Positive Total

e. Negative  (n) 48 53 101

tH
S (%) 47.5 52.5 100

S
<__ [Positive (n) 29 56 85
a 3.420 0.064

(%) 34.1 65.9 100

Total (n) 77 109 186

(%) 41.4 58.6 100

A,
~
fH
= |Low (n) 46 70 116
2

5 (%)| 397 603 100
&
S |High (n) 31 39 70
v 0.386 0.534

(%) 443 Saat 100

Total (n) 77 109 186

(%) 41.4 58.6 100        
 

Table 4.9.14 showsthat neither nuclear nor cytoplasmic MTBP expression

showedanysignificant association with p53 status in the current cohort of

HNSCCpatients.
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Table (4.9.15) No significant association between MTBP expression and

tumourhistopathological grade, T. stage or lymph node involvementin the

current cohort of HNSCCpatients.

 

 

 

 

 

 

 

 

 

 

 

 

MTBPExpression ,
x p-value

Negative Positive Total

o |Well (n) 9 25 34
z
&  |Differentiated (%) 26.5 73.5 100
ct
= [Moderately (m)[ 25 64 89

5 Differentiated (0%) 28] 71.9 100

a 0.140 0.933
Aq |Poorly (n) 16 47 63

: Differentiated (4) 25.4 74.6 100

= (Total (n) 50 136 186

(%)| 26.9 73.1 100

z Negative (n) 27 vi 104

5 (%) 26 74 100

= [Positive (n) 23 59 82
- 0.102 0.750
3 (%) 28 72 100
a

4 Total (n) 50 136 186

hc (%) 26.9 73.1 100

yg  |TI-T2 (n) 14 48 62
3

KE (%) 22.6 774 100

T3-T4 (n) 36 88 124
0.875 0.349

(%) 29 71 100

Total (n) 50 136 186

(%) 26.9 73.1 100        
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Table (4.9.16) No significant association between MTBP expression and

p53 and/or MDM72statusin the current cohort of HNSCC patients.

 

 

 

 

 

 

 
 

      

MTBPExpression
x p-value

Negative |Positive |Total

2 Negative () 23 54 77

3
n (%)]} 29.9 70.1 100
foe)

[Positive (n) 27 82 109
0.597 0.440

(%) 24.8 75.2 100

Total (n) 50 136 186

(%) 26.9 73.1 100

g Negative () 24 65 89

g (%)| 27 73 100
a.
i [Positive (n) 26 11 97
Sg 0.001 0.980
A (%) 26.8 T3a 100

2 Total (n) 50 136 186

(%) 26.9 73.1 100   
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Figure 4.9.7 MTBPexpression did not affect the survival rate in HNSCC.

Kaplan-Meier overall 5 years survival curves for 135 HNSCC patients with

positive MTBP stain versus 49 HNSCC patients with negative MTBP stain.

The log-rank test was used to comparethe different curves, and no significant

association could be detected between MTBPexpression and survival rate (P =

0.153).
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4.9.5.5 Low MTBP, Low MDM2 & p53 positive Expression phenotype

associated significantly with lower survival rate in HNSCC.

p53 is a short-lived protein that is maintained at low levels in normal

cells, so it is usually undetectable by IHC. Therefore, detecting p53 by IHC is

considered to reflect increased stability of the protein in response to an

activating signal, such as DNA damage, or due to interactions with other

proteins, or due to mutation of the p53 gene (reviewed in(Lane and Benchimol,

1990).

The detection of p53 over expression by IHC in HNSCC and in many

other tumours is usually synonymous with p53 mutation (Kropveld et al., 1999,

Saunderset al., 1999). p53 mutations could render p53 protein unable to induce

MDM2expression or unable to bind to MDM2(althoughthis latter has rarely

if ever been observed), therefore a p53 mutant might escape the negative

feedback mechanism normally provided by MDM2 (Pruneri et al., 1997,

Midgley and Lane, 1997). Indeed Millon et al., 2001, reported a high frequency

of p53 mutation and under-expression of MDM2in head and neck tumours.

In the current study, survival rates did not show significant differences

in relation to different MDM2expression levels (P(tog-rank) = 9.248) as shown in

figure 4.9.4. However, a higher proportion of dead patients’ tumour samples

(56.4%) were low for MDM2 (see appendix C). Considering the trends

observed betweenoverall survival and p53/MDM2expressionstatus described

in appendix C, further survival analyses were performed for patients with

possible p53 mutations (i.e. those who would be expected to havehighlevels
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of p53 in the absenceof up-regulated MDM2), andinterestinglyit revealed that

this group of patients whose samples showed p53 over expression and low

MDM2 displayed a significantly lower survival rate than other HNSCC

patients (Plog-rank) = 0.035) as shownin figure 4.9.8.
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Figure 4.9.8 Relationship between p53 positive & low MDM2andsurvival

rate in HNSCC. Kaplan-Meier overall 5 years survival curves for HNSCC

patients with positive p53 & low MDM2expression versus HNSCCpatients’

other p53/MDM2 expression phenotypes. The log-rank test was used to

compare the different curves, and revealed a significant association between

positive p53 & low MDM2expressionandreduced survival rate (P < 0.035).
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MTBPis an MDM2 binding protein that can increase the stability of

MDM2andin so doing down regulate p53 (Bradyet al., 2005) see section 1.4

for further details. Statistical analyses of the current cohort of HNSCC samples

revealed significant associations between MDM2 and MTBP cytoplasmic

expression as described in section 4.9.5.2. Therefore, further survival analyses

were performed to determine whether MTBPin association with p53 and/or

MDM2-could serve as a prognostic marker in HNSCC.

In multivariate analysis including tumour stage, histological grade,

lymph node positivity; the MDM2(table 4.9.17-18), and MTBP(table 4.9.18)

as separate variables, and mutant p53 phenotype(i.e. p53 over expression and

MDM2 low expression) (table 4.9.19), negative MTBP plus mutant p53

phenotype (table 4.9.20), as well as lymph node positivity (table 4.9.17-20)

were defined as possible significant predictors of survival in the current cohort

of HNSCC.

We have previously described that neither nuclear nor cytoplasmic

MTBP expression showed any significant association with overall survival

rates asillustrated in figures 4.9.5 and 4.9.6. However when MTBPexpression

was analysed in patients with a phenotypetypically indicative of loss of p53

function (mutation) namely p53 positive and MDM2 low we foundthat low

cytoplasmic expression of MTBP was associated with significantly lower

survival rates in this subgroup of HNSCC patients (P(og-rank) = 0.007) figure

4.9.9. Anotherinteresting finding was that losing MTBP expression from both

nucleus and cytoplasm did associate with reduced survival rates (P(og-rank) =

0.004) figure 4.9.10.
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It is noteworthy that no significant association could be detected

between survival rates and MTBP expression (P/og-rank) = 9.815) figure 4.9.11;

or either cytoplasmic MTBP (Pog-rank) = 0.855) figure 4.9.12 or nuclear MTBP

(Pitog-rank) = 9.859) figure 4.9.13; in HNSCC patients with presumably wild type

p53 phenotypes(i.e. phenotypes other than p53 positive and MDM2low).

Moreover no significant difference could be detected between mutant

p53 group and likely wild type p53 group in regards to lymph node

involvement, T-stage, or tumour histological differentiation grades (table

4.9.21); and none ofthese factors affected the survival rate differently in both

groups, as lymph node involvement significantly associated with reduced

survival rates in both mutant p53 (figure 4.9.14) and wild type p53 (figure

4.9.15), meanwhile T-stage did not affect the survival rates at either mutant

p53 (figure 4.9.16) or wild type p53 groups(figure 4.9.17).
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Table (4.9.17) Multivariate analysis using Cox proportional hazard

regression modelincluding: p53, MDM2, Cytoplasmic MTBP and Nuclear

MTBPasseparate variables.

 

95.0% CI for Exp(B)
 B_ |p-value} HR

Lower Upper

 

T-stage (T1-2 vs. T3-4) 0.251

|

0.304 |1.285] 0.796 2.074

Grading (Well & Moderately
0.004

|

0.985 {1.004} 0.631 1.598
vs. Poorly differentiated)

Lymphnode Involvement 0.770

|

0.001* |2.161}] 1.394 3.349

p53 0.255

|

0.256 {1.291} 0.831 2.006

MDM2 -0.443

|

0.041*

|

0.642] 0.419 0.982

Cytoplasmic MTBP -0.435

|

0.076 }0.647} 0.401 1.046

Nuclear MTBP -0.063

|

0.791 |0.939} 0.590 1.495       
 

Table (4.9.18) Multivariate analysis using Cox proportional hazard

regression model including: p53, MDM2 and MTBPasseparate variables.

 

95.0% CI for Exp(B)

B_ {p-value} HR 
Lower Upper

 

T-stage (T1-2 vs. T3-4) 0.191

|

0.418 {1.211} 0.762 1.924

Grading (Well & Moderately
-0.115

|

0.614 }0.892} 0.571 1.392
vs. Poorly differentiated)

Lymph node Involvement 0.808

|

0.000* |2.244) 1.451 3.469

p53 0.257

|

0.254 |1.292} 0.831 2.009

MDM2 -0.470

|

0.030* |0.625] 0.409 |. 0.957

MTBP 0.497

|

0.041*

|

1.643} 1.020 2.646       
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Table (4.9.19) Multivariate analysis using Cox proportional hazard

regression model including: p53 overexpression and MDM2_ low

expression phenotype as a variable.

 

95.0% CI for Exp(B)

B_ {p-value} HR
 

Lower Upper

 

T-stage (T1-2 vs. T3-4) 0.310 0.188 |1.364] 0.859 2.166

Grading (Well & Moderately
-0.064 0.776 |0.938| 0.603 1.459

vs. Poorly differentiated)

Lymphnode Involvement 0.854 0.000* |2.349] 1.520 3.628

p53 overexpression & MDM2
; 0.534 0.013* }1.705] 1.117 2.603

low expression       
 

Table (4.9.20) Multivariate analysis using Cox proportional hazard

regression model including: negative MTBP, p53 overexpression and

MDM2low expression phenotypeas a variable.

 

95.0% CI for Exp(B)

B_ |p-value} HR
 

Lower Upper

 

T-stage (T1-2 vs. T3-4) 0.196

|

0.409 |1.217| 0.764 1.939

Grading (Well & Moderately
-0.159 |0.478 |0.853] 0.549 1.324

vs. Poorly differentiated)

Lymphnode Involvement 0.689

|

0.002* |1.993] 1.284 3.091

Negative MTBP, p53

overexpression & MDM2 low] 1.021

|

0.004* |2.775| 1.389 5.543

expression       
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Figure 4.9.9 Low cytoplasmic MTBP associates with lower survival rate in

mutant p53 HNSCCpatients (i.e. patients with p53 over expression & low

MDM2expression phenotype). Kaplan-Meier overall 5 years survival curves

for mutant p53 HNSCCpatients with low cytoplasmic MTBP versus mutant

p53 HNSCCpatients with high cytoplasmic MTBP. The log-rank test was used

to comparethe different curves, and revealed a significant association between

low cytoplasmic MTBPin a p53 mutant back ground and reducedsurvivalrate

(P =0.007).
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Figure 4.9.10 Loss of MTBPassociates with lower survival rate in mutant

p53 HNSCCpatients (i.e. patients with p53 over expression & low MDM2

expression phenotype). Kaplan-Meieroverall 5 years survival curves for p53

mutant HNSCC patients with negative MTBP versus p53 mutant HNSCC

patients with positive MTBP. The log-rank test was used to compare the

different curves, and revealed a significant association between loss of MTBP

in HNSCCpatients with loss of p53 function (mutation) and reduced survival

rate (P = 0.004).
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Figure 4.9.11 No significant association between lower survival rate and

low cytoplasmic MTBP in HNSCCpatients with apparently wild type p53

(i.e. patients with phenotypes other than p53 over expression & low

MDM2expression phenotype). Kaplan-Meier overall 5 years survival curves

for low cytoplasmic MTBPversus high cytoplasmic MTBP in HNSCCpatients

with wild type p53. The log-rank test was used to compare the different curves,

and no significant association could be detected between reduced survivalrate

and low cytoplasmic MTBPin a p53 wild type back ground (P =0.855).
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Figure 4.9.12 No significant association between lower survival rate and

negative nuclear MTBP in HNSCCpatients with apparently wild type p53

(i.e. patients with phenotypes other than p53 over expression & low

MDM2expression phenotype). Kaplan-Meier overall 5 years survival curves

for negative nuclear MTBPversus positive nuclear MTBP in HNSCC patients

with wild type p53. The log-rank test was used to compare the different curves,

and no significant association could be detected between reduced survival rate

and negative nuclear MTBPina likely p53 wild type back ground(P =0.859).
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Figure 4.9.13 No significant association between lower survival rate and

negative MTBP in HNSCCpatients with apparently wild type p53 (i.e.

patients with phenotypes other than p53 over expression & low MDM2

expression phenotype). Kaplan-Meier overall 5 years survival curves for

negative MTBPversuspositive MTBP in HNSCCpatients with wild type p53.

The log-rank test was used to compare the different curves, and no significant

association could be detected between reduced survival rate and negative

MTBPin

a

likely p53 wild type back ground (P =0.815).
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Table (4.9.21) Lymph node involvement, T-stage, and histological garding

of tumours did not show significant difference between mutant and wild

type p53 phenotypesin the current cohort of HNSCCpatients.

 

 

 

 

 

 

 

 

 

 

    

)

Wtp53| Mut. p53 Total * [P-value
& § Negative (n) 84 33 117
°
a &28 (%) 71.8 28.2 100

ES Positive (n) 57 26 83
248 0.227 0.634

0 : «(%) 68.7 31.3 100

Total (n) 141 59 200

(%) 70.5 29.5 100

2, T1-T2 (n) 47 21 68
Z

& (%) 69.1 30.9 100

13-14 (n) 94 38 132
0.095 0.758

(%) 71.2 28.8 100

Total (n) 141 59 200

(%) 70.5 29.5 100

2 Well (n) 28 11 39

gc

z Moderately (n) 66 29 95

5 0.096 0.953
ba Poorly (n) 47 19 66
QD . :
ss Differentiated (%) 12 388 100

°

5 Total ) 141 59 200
mn

(%) 70.5 29.5 100    
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Figure 4.9.14 Lymph node involvement associates with lower survival rate

in mutant p53 HNSCCpatients (i.e. patients with p53 over expression &

low MDM2 expression phenotype). Kaplan-Meier overall 5 years survival

curves for p53 mutant HNSCCpatients with positive lymph node versus p53

mutant HNSCCpatients with negative lymph node. The log-rank test was used

to compare the different curves, and revealed a significant association between

reduced survival rate and nodal involvement in HNSCCpatients with loss of

p53 function (mutation) (P = 0.001).
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Figure 4.9.15 Lymph nodepositivity associates with lower survival rate in

apparently wild type p53 HNSCCpatients (i.e. patients with phenotypes

other than p53 over expression & low MDM2 expression phenotype).

Kaplan-Meier overall 5 years survival curves for p53 wild type HNSCC

patients with positive lymph node versus p53 wild type HNSCCpatients with

negative lymph node. The log-rank test was used to compare the different

curves, and revealed a significant association between reduced survival rate

and nodal involvement in HNSCC patients with likely p53 wild type back

ground (P = 0.024).
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Figure 4.9.16 T-stage does not associate with lower survival rate in mutant

p53 HNSCCpatients(i.e. patients with p53 over expression & low MDM2

expression phenotype). Kaplan-Meier overall 5 years survival curves for Tl-

T2 stage HNSCC tumours with mutant p53 versus T3-T4 stage HNSCC

tumours with mutant p53. The log-rank test was used to comparethe different

curves, and no significant association could be detected between reduced

survival rate and T-stage in

a

likely p53 mutant back ground (P =0.285).
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Figure 4.9.17 T-stage does not associate with lower survival rate in

apparently wild type p53 HNSCCpatients(i.e. patients with phenotypes

other than p53 over expression & low MDM2expression phenotype).

Kaplan-Meier overall 5 years survival curves for T1-T2 stage HNSCCtumours

with wild type p53 versus T3-T4 stage HNSCC tumours with wild type p53.

The log-rank test was used to compare the different curves, and no significant

association could be detected between reduced survival rate and T-stage in

HNSCCwith a likely wild type p53 back ground (P =0.262).
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5. DISCUSSION

The p53 tumour suppressor gene inhibits malignant progression by

mediating cell cycle arrest, repair, senescence or apoptosis following cellular

stress. However, about half of all human cancers encountered either have direct

mutation of the 7P53 gene, or disruption of p53 function by other factors, such

as MDM2overexpression (Oliner et al., 1992, Momandet al., 1992). This

suggests that there is a growth advantage for cells that lose the normal p53

tumour suppressive function during tumourigenesis (Hollstein et al., 1991,

Levine et al., 1991). The MDM2 proto-oncogene has been unequivocally

identified, as a critical negative regulator of the tumour suppressor p53

(Momandet al., 1992, Jones et al., 1995). Various studies have also reported

the involvement of MDM?overexpressionin the tumourigenesis of a variety of

humancancers (Sigalas et al., 1996, Matsumoto et al., 1998).

MTBPwasoriginally identified by our research group in a yeast two-

hybrid screen as an MDM?2-binding protein (Boyd et al., 2000a). Further co-

immunoprecipitation and in vitro binding assays also demonstrated this

interaction between MTBP and MDM2andidentified that the interaction

occurs between the carboxy-terminal 380 amino acids of MTBP and a region

spanning the central acidic region of MDM2 (167-304 amino acids) (Boyd et

al., 2000a), which has been found to be necessary for MDM2 mediated

ubiquitylation of p53 (Argentini et al., 2001, Kawaiet al., 2003b).

MTBPexpression in U2OS and H1299 cell lines was shownto lead to

inhibition of cellular proliferation regardless of p53 status as demonstrated by
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colony-formation assays (Boyd et al., 2000a). Further cell cycle analyses

detected that this growth inhibition occurred in the G1 phase of the cell cycle

and also showed that MDM2 expression abrogated this Gl arrest. These

findings suggested that MTBP mightfunction as a tumour suppressor.

On the other hand, expression of human or murine MTBP in H1299

and/or MCE-7 cells was shownto lead to the stabilization of MDM2 with a

concomitant decrease in p53 protein levels and transcriptional activity. Further

co-transfection experiments using p53/Mdm2-double null MEFs demonstrated

that the observed MTBP-induced down-regulation of p53 levels and

transcriptional activity was dependent on MDM2. MTBP-induced down-

regulation of p53 was found to require an interaction between MDM2and pS53.,

as co-transfecting MTBP with a non-p53 binding mutantofMDM2orblocking

the p53-MDM2interaction by ionising radiation abrogated the down-regulation

of p53 by MTBP (Bradyet al., 2005).

These findings were supported by the observations obtained from

treating MCF-7 cells with siRNA, which led to a significant reduction of

endogenous MTBP expression with concomitant decrease in MDM2 and

increase in p53 protein levels which was reflected in p53 transcriptional

activity. Further immunoprecipitation analyses of ubiquitylated p53 and

MDM2protein in the presence or absence of MTBP showed that MTBP

expression induced a reduction of ubiquitylated MDM2,and anincrease in the

amountof ubiquitylated p53 (Bradyet al., 2005). These observations led to the

suggestion that MTBP might modulate MDM2ubiquitylation toward itself and

toward p53 i.e. stabilising MDM2 through inhibiting its auto-ubiquitylation.
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Consequently this would promote MDM2-mediated ubiquitylation and

inhibition of p53 and by doing so, MTBP exerted a potentially oncogenic effect

(Brady et al., 2005). The detection of MTBP over expression in a number of

different human cancers (see section 1.4.7) supported this idea that MTBP

might be capable of acting as a proto-oncogene.

This involvement of MTBP in regulating the MDM2-p53 pathway,

which is known to be important in human tumourigenesis, clearly requires

further exploration. So, as a way to investigate MTBP function and mechanism

of action we attempted to identify a minimal functional region of MTBPthat

may interact with, and modulate the activity and stability of MDM2 and

consequently p53.

To address this we have used a series of carboxy-terminal deletion

mutants of HA tagged Mtbp, A344, A505, A607, A686, and A767 generated by

Dr. Vlatkovié (see figure 4.1.1). Thefirst step wasto optimise the conditionsto

obtain equivalent protein expression levels for each mutant (see section 4.1.1

and figure 4.1.2). This was important in order to examine the effect of each of

the mutants on MDM2 and p53 levels and function and compare this to the

effect of full length Mtbp on MDM2and p53. We used measurements of p53-

responsiveluciferase activity to compare the effect of each of the mutants with

the effect of the full length Mtbp on p53 transcriptional activity.

Expression of the full length Mtbp promoted a reduction in p53

transcriptional activity in these experiments (figure 4.1.3), which is in

agreement with the previously reported observations by Bradyet al., (2005).
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Given the described interaction between Mdm2 and Mtbp carboxy-terminus

(Boyd et al., 2000a), it came as no surprise that the ability of the carboxyl

terminal deletion mutants to reduce the p53 transcriptional activity was

compromised. Interestingly, A344Mtbp encoding the amino terminal 344

amino acids of Mtbp acted in an unexpected way and reduced the p53

transcriptional activity to a comparable level to that observed with full length

Mtbp (figure 4.1.3 and figure 4.1.6). This suggests that two domains of Mtbp

can interact with MDM2

Since, A344Mtbp showed similar effects on p53 activity to the full

length Mtbp, a question wasraised whether the mutanteffect also depended on

MDM2? It had previously been demonstrated that MDM2is essential for

MTBPto downregulate p53 (Bradyet al., 2005)(see section 1.4.7). In order to

address this, p53/Mdm2-double null MEFs were co-transfected with plasmids

expressing p53, Mtbp or A344Mtbp with and without MDM2. Luciferase

reporter activity and western blot analyses showedthat neither full length Mtbp

nor A344Mtbp independently have any detectable effect upon p53

transcriptional activity or protein levels. Nevertheless, in the presence of

MDM2, addition of Mtbp or A344Mtbp resulted in down regulation of p53

transcriptional activity and protein levels (figure 4.1.7). It can thus be

concluded that MDM2is necessary for A344Mtbp-mediated down regulation

of p53 activity in the same mannerasfor the effect of Mtbp on p53.

Binding of MDM2isthe defining characteristic of Mtbp (Boydetal.,

2000a) andit has been demonstrated that MDM2 mediatesthe inhibitory effect

of MTBP on p53 (Bradyet al., 2005). In the current study we have shownthat
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A344Mtbp retained a comparable effect to that exerted by Mtbp on p53-MDM2

pathway, and that MDM2 is essential for the ability of A344Mtbp to down

regulate p53 activity. Therefore, we next aimed to investigate whether

A344Mtbp and MDM2interact as been described for Mtbp, since detecting

such an interaction would add support to the evidence that A344Mtbp acts to

inhibit p53 in an MDM2dependent manner.

To explore A344Mtbp and MDM2interaction in mammalian cells, we

initially used co-immunoprecipitation experiments, a commonly used method

to determine protein-protein interactions. Protein extracts of MDM2 and

A344Mtbp co-transfected cells were immunoprecipitated with an HA-specific

antibody, and a clear co-immunoprecipitation of MDM2 wasdetected (figure

4.2.1A). Moreover, this could also be detected in a reciprocal

immunoprecipitation with an  anti-MDM2 antibody used for the

immunoprecipitation which pulled down significant amount of A344Mtbp

(see figure 4.2.1A). These data support the notion that an MDM2-A344Mtbp

interaction can exist in cells. However, further investigations need to be

undertaken to verify this observed interaction since this approach cannot

distinguish between direct and in-direct protein interactions. Therefore, in vitro

binding assays were performed to determine whether the MDM2-A344Mtbp

interaction waslikely direct.

A344Mtbp and Mtbp werein vitro synthesised as described in section

3.14. In vitro binding assays were conducted as described in section 3.14,

utilising the His-tagged proteins) MDM2, or A246N-terminal MDM2 or

A252C-terminal MDM2 (see figure 4.2.2). The interaction between the full
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length Mtbp and full length MDM2 was re-confirmed as expected in

accordance with previous observations by Boydet al., (2000a) who reported

inter alia Mtbp and MDM2 binding utilising an in vitro binding assay.

Moreover, an interaction betweenthe full length Mtbp and the A246N-terminal

MDM2 was observed as shown in figure 4.2.4. The A252C-terminal MDM2

showedthe highest level of protein bound to the beads (figure 4.2.3), and this

lessens the relative significance of the interaction observed with Mtbp or

A344Mtbp.

In vitro binding assays revealed interesting findings suggesting that

A344Mtbppreferentially interacts with the A246N-terminal MDM2,and to an

apparently lesser degree with the full length MDM2 (figure 4.2.4), although

this could be due to the comparatively low levels of purified MDM2protein

that been used in the in vitro binding assay. These findings support the

previously identified interaction between A344Mtbp and MDM2 by co-

immunoprecipitation analyses.

We have shownthat A344Mtbp affects the MDM2-pS53 regulatory loop

in a comparable mannerto that observed with the full length Mtbp(section 4.1).

Also, we have demonstrated an interaction between A344Mtbp and MDM2by

co-immunoprecipitation and in vitro binding as described in sections 4.2.1 and

4.2.2, respectively. Thus we anticipated that we would be able to detect co-

localisation of A344Mtbp and MDM2. An indirect immunofluorescence

technique (described in section 3.9) was used to investigate the subcellular

distribution of A344Mtbp and MDM2.
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Nuclear co-localisation of MTBP and MDM2hasbeen demonstratedin

previous studies (D.M. Gore MD Thesis, University of Liverpool, 2005).

However, transfecting different Mtbp:MDM2ratiosled to re-localisation of the

minority gene product from nucleus to cytoplasm. The abrogation of this re-

localisation phenomenonby the nuclear export inhibitor leptomycin B (Ullman

et al., 1997) suggested this re-localisation was facilitated by active nuclear

export. How this might occur is readily conceivable since the MDM2-Mtbp

interacting regions contain both NLS and NES within the MDM2protein

which have been shown to mediate MDM2shuttling between the nucleus and

cytoplasm (Roth et al., 1998, Migliorini et al., 2002). Also there is a bipartite

NLS within Mtbp in the carboxy-terminus. Thus, the interaction between

MDM2andthe carboxy-terminus of Mtbp mayplay a key role in mediating

Mtbp and/or MDM2subcellular distribution.

Thus, we consideredit interesting to determine whether the A344Mtbp

truncation mutant of Mtbp (which lacks all of the previously defined MDM2

binding carboxy-terminalregion) retained the previously observed capacity of

full length Mtbp to alter MDM2sub-cellular distribution. To investigate this

issue, mammalian cells were transfected with either A344Mtbp or Mtbp

separately or in combination with MDM2 and immunofluorescence staining

wasperformedas describedin sections 3.9 and 4.3.1.

In this series of experiments, Mtbp expression was mainly nuclear in

21.7% of cells, and 22.3% of cells showed comparable levels of Mtbp

expression across both the nucleus and cytoplasm, the remaining 55.9% of

cells showed predominantly cytoplasmic localisation (see figures 4.3.1,
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4.3.2(A/B) & 4.3.3 respectively). These results differ from the previously

described predominantly nuclear localisation of Mtbp (D.M. Gore MD Thesis,

University of Liverpool, 2005), yet this could be because of issues with

transfection efficiency in the earlier study in which it was not possible to

visualise more than one transfected cell in a high magnification field of view.

Since that time the transfection efficiency issue has been overcome such that

several transfectedcells are often visible in a single field of view andthus there

is less of an issue with potentially arbitrary selection of fields when

summarising or assessingresults.

Interestingly, A344Mtbp exhibited a similar pattern of subcellular

localisation to that observed with the full length Mtbp. 25.2% of the cells

showed nuclearlocalisation of A344Mtbp,in 21.4%of the cells A344Mtbp was

detected in both nucleus and cytoplasm and in the remaining 53.5%of cells

A344Mtbp was found to localise mainly in the cytoplasm (figures 4.3.4 &

4.3.5). The observed variations in A344Mtbp distribution over different

subcellular compartments despite lacking the previously mentioned bipartite

NLS located at the carboxy terminus of Mtbp, or any detectable NES could

potentially be attributed to the interaction with endogenous MDM2. Future

experiments might include studies of Mtbp sub-cellular distribution in Mdm2

null cells to determine whether Mdm2is indeed responsible for the observed

variable Mtbp distribution.

To further investigate A344Mtbp/MDM2 co-localisation, and to

compare it to Mtbp/MDM2 co-localisation, H1299 cells were transfected with

MDM2plus Mtbp or MDM2plus A344Mtbp at 20:1, 1:20, or 1:1 plasmid
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mass ratios. It is interesting to note that in these experiments again

Mtbp/MDM2and A344Mtbp/MDM2showedsimilar distribution patterns. 60.8%

of the cells transfected with 1:1 mass ratios of MDM2 and A344Mtbp (Figure

4.3.6, 4.3.7) and 61% of the cells transfected with 1:1 mass ratios of MDM2

and Mtbp, showed nuclear localisation of both proteins (Figure 4.3.8, 4.3.9).

These findings support the previously described predominantly nuclear co-

localisation of MDM2 and Mtbp in 74%ofthe cells (D.M. Gore MD Thesis,

University of Liverpool, 2005).

It has been observed previously that transfecting MDM2 in excess

(MDM2:Mtbp of 20:1 ratio) led to predominantly cytoplasmic localisation of

Mtbp in 85% ofthe cells (D.M. Gore MDThesis, University of Liverpool,

2005). The findings of the current study seem to be in accord with the earlier

observations. Transfection of MDM2 in excess led to an increase in the

cytoplasmic localisation of Mtbp in around 62%of the transfected cells (Table

43.2 & Figure 4.3.10). Interestingly, MDM2affected the localisation of

A344Mtbp in a similar manner, as 54.8% of cells transfected with 20:1 mass

ratio of MDM2:A344Mtbp showed cytoplasmic localisation of A344Mtbp

(Table 4.3.3 & Figure 4.3.11(A/B)).

On the other hand, with Mtbp or A344Mtbp in excess, the two proteins

-MDM2 and Mtbp or A344Mtbp- were found to co-localise throughout the

nucleus and cytoplasm in 66.2% of cells transfected with Mtbp and MDM2

(Table 4.3.2 & Figure 4.3.12) and in 69.1% of cells transfected with A344Mtbp

and MDM2 (Table 4.3.3 & Figure 4.3.13). Again the findings of the present

study seem to be in agreement with the previously described redistribution of
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MDM2throughout the nucleus and cytoplasm in 80% of the transfected cells

with 20:1 mass ratio of Mtbp:MDM2 (D.M. Gore MD Thesis, University of

Liverpool, 2005).

The current sets of experiments have demonstrated that A344Mtbp

showed similar cellular distribution pattern to that observed with full length

Mtbp. In addition the co-localisation of A344Mtbp and MDM2exhibited

comparablepatterns to the co-localisation of full length Mtbp and MDM2.This

supports the observations made earlier in this thesis obtained from co-

immunoprecipitation and in vitro binding assays which showed that there is an

interaction between the Mtbp amino terminus and MDM2. Moreover, both

A344Mtbp/MDM2and Mtbp/MDM2 showed similar re-distribution pattern in

response to different co-transfection ratios of MDM2:A344Mtbp or Mtbp

where the minority gene product re-localises from nucleus to cytoplasm (a

phenomenonpreviously observedfor full length Mtbp by Dr. Gore).

To date, little if anything is known about the MTBP/Mtbp protein

conformation. Nor do we have much insight into the mechanism by which

MTBPexerts its effects on MDM2. Wealso know nothing about the structure

of the MIBP-MDM2interactingsite/s. Such questions could be addressed by

structural analyses that utilise techniques such as X-ray crystallography or

NMRspectroscopy, which depend upon production of soluble pure native

forms of the protein of interest. However, previous attempts to produce of full

length Mtbp protein in a pure native form were not successful.
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Since A344Mtbp appears to promote a similar effect on the p53-

MDM2pathwayboth in terms of p53 activity, MDM2stability and sub-cellular

distribution, to that observed with full length Mtbp; the possibility arose that

we might be more successful in producing this considerably smaller truncated

form of Mtbp as a native protein for such structural analyses. In addition, we

decided to sub-divide the amino terminal 344 amino acid region of Mtbp to

investigate the distribution of functional region/s within the amino terminus of

Mtbp and to further increase the chance of success of future structural studies.

Accordingly we produced A271Mtbp, Al65Mtbp, An95Mtbp, Anl65Mtbp

mutants of murine Mtbp(see figure 4.4.1).

Human MTBP and murine Mtbp display around 80% homology (see

alignment in section 4.5) and we have demonstrated that both Human MTBP

and murine Mtbp stabilised MDM2and downregulated p53 level and activity

see figures 4.1.4-6, as had been reported previously by Brady et al., (2005).

Thus, a A350MTBP mutant of human MTBP, which encodes an equivalent

region to that of murine A344Mtbp wasgeneratedto test its effect on MDM2

and p53 stability and activity (figure 4.4.1).

Two versions of each of these mutants were constructed. One version

had a His, tag to facilitate purification of recombinant protein for structural

studies to investigate the possible MDM2bindingsite/s in the amino terminus

of Mtbp. All of the His-tagged constructs were successfully expressed as

illustrated in figures 4.4.6-13. However, the expressed proteins were mainly

trapped in the insoluble fraction, which suggests that the expressed proteins

might be either membrane-associated or aggregated as inclusion bodies.
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Unfortunately, applying standard lysozyme/sonication procedures (described in

section 3.12.2) could not overcome this obstacle; nevertheless we have

managed to purify Hiss-A344Mtbp under unfavourable denaturing conditions

(figure4.4.14). The current study showedthat deletion mutants of MTBP/Mtbp

are not readily purified under native conditions but can be extracted under

denaturing conditions from E. coli. Future studies may attempt to use

alternative hosts for recombinant protein production such as insect or

mammalian cells or using alternative fusion partners to increase expressed

protein solubility, or even attempt re-folding of protein purified under

denaturing conditions. The problem with this approachis that it will be hard to

determine whether any structures obtained from such a source would faithfully

reflect the native conformation.

The other version of the amino-terminal domain constructs were tagged

with the HA epitope to be utilised in functional studies investigating the effect

of each of these mutants on MDM2 and p53 levels and also on p53

transcriptional function. Following a similar experimental design to that

described in section 4.1, each of the HA tagged mutants weretitrated to reach

equivalent expression levels to those of full length Mtbp and A344Mtbp that

been described earlier in orderto investigate their effect on p53-MDM2loop.

Unlike A344Mtbp, neither A271Mtbp nor A165Mtbp down regulated

p53 transcriptional activity nor did they reduce the p53 steady state protein

level as illustrated in figures 4.4.2 and 4.4.4. The other mutants An95Mtbp,

Anl65Mtbp or A350 MTBPdid not express adequate protein levels (figure

4.4.3), so we were unable to test their effect on the p53-MDM2loop in
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comparison to observed effect of full length Mtbp. These results indicate that

the amino terminal 344 amino acids of Mtbp defines at present the minimal

identifiable functional region of Mtbp.

Nevertheless, we have been intrigued by being unable to detect similar

function with other mutants that retained these aminoterminal 344 aminoacids

together with additional carboxy-terminal residues (see figures 4.1.2 and 4.1.5).

This could be due to a possible influence of the crude deletion modifications

made to the coding sequence of these mutants that may impact upon their

stability or post-translational modifications. To avoid such possible

confounding effects from analysing gross deletion mutants, we chose to

generate new mutants using a more subtle approach based upon a linker

insertion mutagenesis strategy (described in section 3.16).

We chose to make these mutants of the human MTBP cDNA,as it

became available to us during the course of these studies andsinceit shares a

high degree of structural and functional homology with the murine Mtbp (see

sequences alignment in section 4.5, figures 4.1.4-6). The EZ-Tn5 transposon

system described by Reznikoff et al., (1999) was used to mutagenise MT'BP

with the aim of generating mutants that could mimic the behaviour of native,

full length MTBP except when functional domain/s were disrupted by the 19

codon linker insertion. In the current study, a library of more than 200 MTBP

mutants have been generated, permitting future experiments similar to those

utilised to investigate Mtbp deletion mutants, to further refine the region/s

encoding functional motifs of MTBP. These mutants therefore provide a
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potentially powerful resource for future studies both to refine our

structure/function studies described in this thesis.

In the current study we have identified a potential role of MTBP

expression in head and neck squamouscell cancer(as described in section 4.9).

This analysis followed from studies we initiated of MTBP in vitro using

HNSCCcells with different p53 status: wild type, missense mutations, and

homozygousdeletion (Carey et al., 1983, Frank et al., 1997, Lin et al., 2007) to

investigate the potential effect of the MDM2 inhibitor Nutlin-3 on HNSCC and

on MTBP.

HNSCCcell lines were treated with varying concentrations of Nutlin-3

(0-5uM). The protein levels of MTBP, p53, and its transcriptional targets

MDM2, and p21 were analysed by western blot and cell viability was assessed

by cell counting and flow-cytometry.

As expected cell counting and flow cytometry showed that the p53-

deficient and mutant cells retained the ability to carry on growing andnoclear

changes of any of p53, MDM2, p21 and MTBP protein levels could be

detected by western blot analysis (see figures 4.8.1-4).

On the other hand HNSCC cells with wild type p53, displayed

significant dose dependent growth inhibition upon Nutlin-3 application, and

flow cytometric analysis showed a blockage of cell entry into S phase with

5uM dose of Nutlin-3, which led to cell accumulation in the GO/G1 phase of

the cell cycle (figures 4.8.5-6). The results from western blot analysis revealed
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a significant Nutlin-3-mediated increase of p53 protein levels, together with

concomitant accumulation of the p53 transcriptional targets MDM2 and p21

(figures 4.8.5-6). These findings of the current study are consistent with the

general consensusintheliterature that describes Nutlin-3 induced activation of

p53 pathway in vitro and in vivo, and p53-dependent apoptosis andcell cycle

arrest in cells with wild-type p53, but not in cells with deleted or mutated p53

(Vassilevet al., 2004a, Vassilev, 2004b, Maimetset al., 2008).

Interestingly, western blot analysis of protein extracts of wild type p53

HNSCCcells showed that MTBPprotein levels declined to undetectable levels

in response to S5uM dose of Nutlin-3 (figures 4.8.5-6). One possible

explanation for this finding might be related to earlier research conducted by

our research group, in which it was observed that MTBP expression increased

in response to growth factor stimulation (PDGF for example) (M. Boyd et al

unpublished data). Since Nutlin causes cell cycle arrest in GO/G1 phasethis

could be the cause of the reduction in MTBP levels observed with Nutlin-3

application.

This work has been given increased impetus since the studies I have

performed on MTBPexpression in HNSCCcancers described in section 4.9

showsthat loss of MTBP expression may contribute to disease progression or

at least to the behaviour of HNSCCcells in vivo. In future, it is hoped that the

previously described MTBP mutants generated by linkerinsertion in this study

will be used to examinethe function ofMTBP in HNSCCcells in greater detail.
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The second main goal of the present study was to explore MTBP

expression in vivo. A HNSCCtissue microarray with data concerning p53, and

MDM2expression was available, and this presented a good opportunity to

determine the presence, location and degree of expression of MTBP, and

analyse its relation to p53 and MDM2 expression in squamouscell carcinoma

of the head and neck.

The HNSCC TMAwasstained for MTBPasdescribed in 4.9.1, and the

histopathological examination of MTBP staining was conducted by Dr. T.

Helliwell, and Mr A. El-Fert. MTBP expression was detected in the cytoplasm

and/or the nuclei (figure 4.9.1).

The presence of nodal metastasis, and the site of the primary tumour

have generally been considered the main prognostic factors for HNSCC (Shah,

1990a, Shores et al., 2004, Li et al., 2004c). In agreement with most of the

literature, our statistical analysis detected significant association between

lymph node involvement and overall survival (Piog-rank) < 0.0001) figure 4.9.2.

Lymph node metastases were significantly associated with the histological

grade of tumours, as poorerdifferentiated tumours showed more frequent nodal

metastasis (Py2) < 0.0001 and Py < 0.0001) table 4.9.1. Moreover, analysis

demonstrated significant differences between the different tumour sites and

nodal metastasis frequency (Py) = 0.001 and Py = 0.005). The highest

percentage of lymph node involvement was observed with the pharyngeal

tumours as shown in table 4.9.2. The present findings seem to be consistent

with other studies which have found that pharyngeal carcinomas were at
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highest risk for regional nodal metastasis (Shah, 1990b, Candela et al., 1990,

Beasleyet al., 2002).

In our study p53 expression was detected in 56.5% of cases (113 cases

out of total 200 cases) and this finding is in agreement with most of the

publishedliterature which has reported a varying 40% to over 70% prevalence

of p53 over expression in HNSCC (Caminero et al., 1996, Jin et al., 1998,

Homann et al., 2001). p53 expression did not show significant association with

nodal involvement in this study (Py) = 0.794) see table 4.9.4, which

contradicts the findings of Unal et al., 1999 and Khademi et al., 2002.

Nevertheless, the present finding is comparable to Rowley et al. 1998 and

Takes et al., 2002, who showed nosignificant association between p53

expression and nodal metastasis.

Also, we did not detect significant association between p53 expression

levels and the tumourhistological grade (P/2) = 0.636) see table 4.9.3, which is

similar to observations reported by Levieille et al. 1996, Rowley et al. 1998

and Khademiet al., 2002.

Contrary to several studies, which have found that p53 over expression

was associated with a significantly worse prognosis and reduced survival

(Caminero et al., 1996, Shin et al., 1996, Spaffordet al., 1996, Jin et al., 1998,

Lavertu et al., 2001, Osmanetal., 2002, Vielba et al., 2003), statistical analysis

of our cohort has shown that p53 over expression was not associated with

lower survival rates (Pog-rank) = 9.074) figure 4.9.3, which is in accord with a

group of studies that did not detect any statistically significant association
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between p53 over expression andpatients’ survival rates in HNSCC (Frank et

al., 1994, Michalideset al., 1997, Pruneri et al., 1998). Nevertheless, 67% of

this cohort deceased HNSCC patients tumour samples were expressing high

levels of p53 (63 out of 94 deadpatients in the cohort of the current study; see

appendix C), also Breslow chi-square analysis suggested a significant

difference between survival rates for patients grouped by p53 expression (p-

value = 0.038).

An alternative mechanism by which p53 is inactivated in HNSCC

tumourigenesis is via MDM2over expression (Pruneriet al., 1997, Agarwalet

al., 1999), which been reported in 70-80% of HNSCCcases (Ralhan et al.,

2000, Osmanet al., 2002, Valentin-Vegaet al., 2007).

In contrast in the current study, MDM2expression wasdetected in 49.5%

of the samples, which is in agreement with Millon etal., (2001), who reported

MDM2 immunostaining in 47% of their study group of HNSCC samples.

Kaplan-Meiersurvival analysis of our cohort of HNSCC patients, showed that

MDM2expression was not associated with survival (Piog-rank) = 0.248) figure

4.9.4. However, a trend was observed, where a higher proportion of dead

patients’ tumour samples (56.4%) showed low MDM2 expression (see

appendix C). These results differ from some published studies (Osmanetal.,

2002, Liu et al., 2004); howeverthis could be due to IHC variations between

different studies, or to limitations in the study sample size.

Moreover, The MDM2expression level wasnot associated with either

histological grade of the tumours (Py2) = 0.760) or lymph node involvement

261



Discussion

(P42) = 0.793) as shown intable 4.9.5 and table 4.9.6 respectively, which is

consistent with observation of Pruneri et al., 1997, Agarwal and co-workers,

(1999), and Yanamotoet al., (2002), whoall reported no association of MDM2

expression with age, sex, nodal status and tumour grade.

MTBPis an MDM2binding protein that can increase the stability of

MDM2andin so doing downregulates p53 (Brady et al., 2005). On the other

hand, Brady et al., (2005), had observed that MTBP expression led to the

stabilization of MDM2 with concomitant decrease of p53 protein levels and

activity, such observations were supported by the findings of the current study

(see section 4.1 figures 4.1.2-6). Moreover, MTBP and MDM2co-localisation

and re-distributions betweenthe nucleus and cytoplasm in response to different

MTBP:MDM2transfection ratios have been described in a previous un-

published study and supported in the current experiments (see section 4.3).

As stated before, MTBP expression was observed in the cytoplasm

and/or the nucleus of malignant cells. The intensity and prevalence of MTBP

cytoplasmic expression was foundto increase significantly in correlation with

the tumour grading, i.e. higher cytoplasmic MTBP expression was generally

observed associated with the more poorly differentiated advanced tumour

grade (Py2) = 0.001 and Py < 0.0001) as shownin table 4.9.7.

Interestingly, the nuclear expression of MTBP behaved in a different

manner, such that MTBP nuclear staining is significantly associated with well

differentiated malignancies (Py) = 0.012 and Py = 0.003) as shown in table

4.9.8. Moreover, a statistically significant inverse correlation was found
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between the cytoplasmic and nuclear MTBP expression (Piz) < 0.0001 and Py)

< 0.0001) as demonstrated in table 4.9.9.

In summary, statistical analysis revealed strong associations between

tumour grading and localisation of MTBP expression. Poorly differentiated

tumours were found to preferentially lose nuclear expression of MTBP and

display higher MTBPcytoplasmic expression and the reverse was seen for well

differentiated tumours. Combining this with the strong inverse correlation

observed between cytoplasmic and nuclear MTBP expression, it can be

proposed that changes in the subcellular localisation of MTBP from nuclear to

cytoplasmic might either contribute to or be associated with the progression of

HNSCC tumours

Since the defining character of MTBPis its binding MDM2, we looked

for possible significant association between MDM2and MTBPexpression in

HNSCCin vivo. Statistical analysis did not reveal any significant association

between MDM2expressionandthe nuclear staining for MTBP (Pz) = 0.202);

however, a weak trend was observed betweenloss of MTBP nuclear staining

and higher MDM2expression see table 4.9.10, which could be related to the

previously described immune-fluorescence staining, where expressing high

levels of MDM2 led to cytoplasmic localisation of MTBP (Table 4.3.1 &

Figure 4.3.10). It is noteworthy in this regard that a significant positive

correlation was found between MDM2and cytoplasmic expression of MTBP

(P42) = 0.023 and Py) = 0.023) as shown in table 4.9.11.
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MTBP expression both nuclear and cytoplasmic showed significant

positive correlations with Ki67 expression (see table 4.9.12) (Py) = 9.001 and

Py = 0.0001) and (Py) = 9.037 and Py) = 0.038) respectively. Ki67 is a

nuclear protein found in dividing cells, but not in resting cells and testing its

expression is currently a standard procedure to assess the proliferative activity

of cells in tissue sections (Gerdes et al., 1984, Schluter et al., 1993). These

findings support our findings described in section 4.8, where MTBPprotein

levels declined to undetectable levels in cells whose proliferation was inhibited

in response to a 5M dose of Nutlin-3 in a p53 wild type back ground (see

figures 4.8.5-6). This also accords with earlier finding observed by our research

group, which showed that MTBP expression increased in response to growth

factor stimulation (PDGF for example) (M. Boyd etal unpublished data). It is

likely therefore that in normalcells (and we speculate perhapsalso in relatively

normal cells such as early tumour cells), that MTBP expression might be

associated with cellular proliferation.

Neither nuclear nor cytoplasmic MTBP expression showed any

significant association with overall survival rates (Piog-rank) = 0.988 & Pitog-rank)

= 0.164, respectively) figure 4.9.5 and 4.9.6. Moreover, No significant

association could be detected between nuclear or cytoplasmic MTBP

expression and nodal involvement (Py) = 0.105) (Pea) = 0.728) respectively as

shown in table 4.9.13. Also, no significant differences could be detected

between p53 and either nuclear or cytoplasmic MTBP expression (P(2) = 0.064)

(P2) = 0.534) respectively table 4.9.14.
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In the current study, neither p53 nor MDM2 showed significant

association with lower survival rates (Piiog-rank) = 0.074 and 0.248 respectively).

Giventhat detection of p53 expression by IHC in HNSCCand in many other

tumours is usually synonymous with p53 mutation (Kropveld et al., 1999,

Saunderset al., 1999), and such p53 mutant could render p53 protein unable to

induce MDM2 expression or might escape the negative feedback mechanism

normally provided by MDM2(Pruneret al., 1997, Midgley and Lane, 1997).

Wehave performed further survival analyses for patients with possible

p53 mutations(i.e. those who would be expected to have high levels of p53 in

the absence of up-regulated MDM2), and interestingly it revealed that this

group of patients whose samples showed p53 over expression and low MDM2

displayed a significantly lower survival rate than other HNSCC patients (P(iog-

rank) = 0.035) as shown in figure 4.9.8. This finding supports those of Millon et

al., (2001), who observed a high frequency of p53 mutation (77% of samples

with p53 over expression) and under-expression of MDM2(53.2%of samples)

in head and neck tumours.

We have previously described that neither nuclear nor cytoplasmic

MTBP expression showed any significant association with overall survival

rates asillustrated in figures 4.9.5 and 4.9.6. However when MTBP expression

was analysed in patients with a phenotype typically indicative of loss of p53

function (mutation) namely p53 positive and MDM2 low wefound that low

cytoplasmic expression of MTBP was associated with significantly lower

survival rates in this subgroup of HNSCCpatients (P(tog-rank) = 0.007) figure

4.9.9. Another interesting finding in the same HNSCC patients group with
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apparently mutant p53, was that losing MTBP expression from both nucleus

and cytoplasm did associate with reduced survival rates (P/og-rank) = 0.004)

figure 4.9.10.

Recently, MTBP has been described as a metastasis suppressor

(Iwakuma et al., 2008), as these authors detected increased metastases in

Mtbp*p53°” mice compared with p53” mice (P=0.033). This observation was

further supported by in vitro cell migration and invasion assays in which

Mtbp*” MEFs were found to migrate significantly more than wild type MEFs.

Moreover, knocking down MTBP in p53” osteosarcoma cell lines led to a

significant increase in the cells invasion potential. On the other hand high

expression of MTBP inhibited the invasion potential of Mbp’p53”~

osteosarcoma cells. These observations are in accord with potential tumour

suppressor activities reported by Boyd et al., (2000a), where MTBP over

expression caused G1 arrest, which been abrogated by MDM2 overexpression

and by so doing it may exhibit its p53-independent oncognicity.

However, this is not consistent with the MTBPoverrepresentation that

has been reported in several tumours and in head and neck cancers [reviewed

in www.oncomine.org (Pyeon et al., 2007)], or with the possible proto-

oncogenic effect of MTBP, where it stabilises MDM2 leading to p53 down

regulation an effect described by Brady et al., (2005) and re-observed in the

current study.

Proteins with such dual potentials to exert pro-proliferative or tumour

suppressive/anti-metastatic effects may do so in a tissue-dependent manner,
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due to different expression levels or the presence of different interacting

proteins mediating a diverse of biological consequences. This has for example

been observed before, such as with E2F-1 and Ras proteins, whichare typically

associated with enhanced growth and transformation, but which nevertheless

may induce growth antagonistic effects. This is the basis of the so-called

“Goldilocks principle” which has been proposed to govern the expression of

such proteins which must in normalcells have just the right level. Since if they

are “too hot” (high expression or gain-of-function) or “too cold” (low /loss of

expression or function) this can cause growth aberrations increasing the risk of

cancer (Weinberg, 1996, Yamasaki, 1999, Eckfeld et al., 2004).

The MTBPexpression pattern observed in the current study resembles

that described in a model proposed by Boissanet al., (2005) for the dualability

observed with some of the genes involved in tumourigenic process. They

examined the role of the metastasis-suppressor NM23 in tumourigenesis and

metastasis by using NM23 null and wild type NM23 hepatocellular carcinoma-

prone transgenic mice. Both mice showed nosignificant difference in regards

of primary tumour formation; however the incidence of lung metastases in

NM23 null mice was almost twice that in wild type NM23 mice (P-value <

0.001). Interestingly immunohistochemical staining for Nm23 revealed that

wild type NM23 mice showed weak or negative staining among lung

metastases, but that primary tumours expressed significantly raised levels of

Nm23. Thusit is possible that primary tumourigenesis is associated with up-

regulation but that the loss of Nm23 protein expression in some tumour cells

might enhance their capacity for metastatic spread. A similar pattern of
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expression, with perhaps similar role/s may exist for other proteins and perhaps

MTBPis one exampleofthis.

In a more general sense it seems that MTBP may indeed follow a

similar pattern to that observed with Nm23, especially since Nm23 has

recently been identified in both a yeast two hybrid and a proteomic screen as an

MDM2 interacting protein (Boyds’ research group unpublished data).

Moreover, Nm23 expression was reported in lymphocyte induced to proliferate

(Boissan et al., 2005) which bring to mind earlier observation by our research

group, in which MTBP expression increased in response to growth factor

stimulation (PDGF for example) (M. Boyd et al unpublished data). In

conclusion, the studies presented here expand our understanding of the

structure-function relationship of MTBP to MDM2and p53 andalso reveal

new andpotentially important connections between MTBPand carcinogenesis

in HNSCC. Since MTBP is normally expressed in a wide range oftissues,

perhapsthese will be observed in other cancers as well.
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Appendices

APPENDIXA:Primersused to generate deletion mutants within

the amino terminal 344 amino acids of Mtbp

Primers used to generate HA-tagged deletion mutants within the

amino terminal 344 aminoacids of Mtbp:

A271 Mtbp, A165Mtbp-5'-Notl: (5'-GAG AGA GCG GCC GCG GCG

CGA AGA GGA TGG ATC GGT ACT TGC TGC TGG T-3').

A165Mtbp-3'-HA-Xhol: (5'-GAG AGA CTC GAG CTA CAG GGA

GGC GTA ATC GGG CAC ATC GTA GGG GTA CAT TGC TCT ACC

AGG AGC GGG AAG-3').

A271Mtbp-3'- HA-Xhol: (5'"GAG AGA CTC GAG CTA CAG GGA

GGC GTA ATC GGG CAC ATC GTA GGG GTA CGC ACT AAC ATT

CGT AGG CGT AAC-3’).

An95Mtbp-5'-Notl: (5'-GAG AGA GCG GCC GCG GCG CGA AGA

GGA TGG ATT GGC AAG AGA TAC ATT TTG ATG C-3’).

An165Mtbp-5'-Notl: (5'-GAG AGA GCG GCC GCG GCG CGA AGA

GGA TGA TAG ACATAA TAC TGT TGC CTT C-3').

An95Mtbp, Anl65Mtbp-3'- HA-Xhol: (5'-GAG AGA CTC GAG CTA

CAG GGA GGC GTA ATC GGG CAC ATC GTA GGG GTA AAC CTT

GCC ACA CAG GGA AGA GAT-3').
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A350MTBP-5'-Notl: (5'-GAG AGA GCG GCC GCA TCT CTG AGG

AGA TGG ATC GGT ACC TGC TGC TG-3').

A350MTBP-3'- HA-Xhol: (5'-GAG AGA CTC GAG CTA CAG GGA

GGC GTA ATC GGG CAC ATC GTA GGG GTA AAC CTT GCT ACA

CAG AGA AGA AAT-3’).

II. Primers used to generate deletion mutants within the amino terminal

344 amino acids of Mtbp intended for protein expression in E.coli and

structural studies:

A344Mtbp, A271Mtbp, A165Mtbp-5'-Ndel: (5'-GAG AGA CAT ATG

ATG GAT CGG TAC TTG CTG CTG GT-3').

An95Mtbp-5'-Ndel: (5'-GAG AGA CAT ATG GAT TGG CAA GAG

ATA CATTTT GAT GC-3').

An165Mtbp-5'-Ndel: (5'-GAG AGA CAT ATG ATG ATA GAC ATA

ATA CTG TTG CCT TCT G-3’).

A344Mtbp, An95Mtbp, An165Mtbp-3'-Xhol: (S'-GAG AGA CTC GAG

CTA AAC CTT GCC ACA CAG GGA AGA GAT-3’).

A165Mtbp-3'-Xhol: (5'-GAG AGA CTC GAG CTA CAT TGC TCT

ACC AGG AGC GGG AAG-3’),

il



Appendices

A271Mtbp-3'-Xhol: (5'-GAG AGA CTC GAG CTA CGC ACT AAC

ATT CGT AGG CGT AAC-3’).

A350MTBP-5'-Ndel: (5'-GAG AGA CAT ATG ATG GAT CGG TAC

CTG CTG CTG-3’).

A350MTBP-3'-Xhol: (5'-GAG AGA CTC GAG CTA AAC CTT GCT

ACA CAG AGA AGAAAT-3’).
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APPENDIX B

Multi-Cloning sites sequence of pET24b-GB1

Asel/NdelI GB1 PCR product cloned into the Ndel site of pET24b by G. Hautbergue.

 

pET24b -- GAGATATA CATA        

 

 

 

 

     
 

 

 

. 6 His

kite LC cat cat cat cat cat cat

EF H H H H H H

T7 tag BamHI Saci Sali

gqt gga cag caa atg ggt cgg gat ccg aat tog age tee gtc gac

G G Q Q M G R D P EcoRI S S Ss Vv D

HindIIl NotI Xhol 6 His Stop

aag ctt gcg gcc gca ctc gag cac cac cac cac cac Cac TGA GATCC -- pET24b

K L A A A L E H H H H H H *

oe

   

Xho

 

pET24b-GB1

Mapof pET24b-GB1 plasmid.

Modified from www.Novagen.com
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APPENDIX C: NUMBEROFPATIENTSIN EACH

CATEGORYBY IHC PHENOTYPE

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

         

[ Numberofpatients in each category by IHC phenotype

All p53 MDM22 MTBP MTBP

Cytoplasmic |Nuclear

Primary Stain Stain

TumourSite -ve |+ve Low High Low High -ve +tve

Oral 45 18 27 23 22 31 10 16

|

25

Larynx 83

|

40 43 46 37 47 28

|

44

|

31

Larynx 72,

|

29 43 32 40 38 32

|

41

|

29

TumourDifferentiation Grade

Well
39

|

19 20 21 18 27 7 12

|

22
Differentiation

Moderate
95

|

42 53 49 46 61 28

|

47

|

42
Differentiation

Poor
66

|

26 40 31 35 28 35

|

42

|

21
Differentiation

Lymph node Involvement

No Nodal
117} 52 65 60 57 66 38

|

51

|

53
Involvement

Nodal
83

|

35 48 4] 42 50 32

|

50

|

32

involvement

Mortality

Live 104

|

54 50 48 56 54 38

|

55

|

37

Dead 94

|

31 63 53 4] 61 31 44

|

48  
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APPENDIX D: Head and Neck Cancers TMA Data.

 

 

 

 

 

 

 

 

 

 

 

    
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

          

Tumour

|

Tumour : MTBP

|

MTBP
No. Site Grade L.N.

|

p53

|

MDM2

|

ki67

|

Fate Cyto.

|

Nuc.

1 Larynx Well No

|

low

|

Low

|

high

|

Dead Low Ves

2 Larynx Poor Yes

|

Low

|

High

|

Low

|

Live Low No

3 Pharynx

|

Moderate

|

Yes

|

High

|

Low

|

High

|

Live Low Yes

4 Larynx

|

Moderate

|

Yes

|

Low

|

Low

_|

High| Live Low No

5 Oral Well Yes

|

High| Low

|

High| Dead Low Yes

6 Oral Well Yes

|

High| Low

|

High| Dead Low Yes

7 Pharynx

|

Moderate

|

No

|

Low

|

Low

|

Low Live Low No

8 Larynx Poor Yes

|

High

|

High

|

High| Dead Low No

9 Oral Moderate

|

Yes

|

Low

|

Low

|

Low

|

Dead Low Yes

10 Larynx

|

Moderate

|

No

|

High

|

Low

|

Low Dead Low Yes

11 Pharynx Well No

|

High

|

Low

|

Low

|_

Dead iii eK

12

|

Pharynx Poor Yes

|

High

|

Low

|

High| Dead Low Yes

|

13.

|

Pharynx Well No

|

Low

|

High

|

High

|

Live Low Yes

14 Larynx

|

Moderate

|

No

|

High

|

High

|

Low Live High No

15 Oral Well No

|

Low

|

Low

|

Low

|_

Live vr 7

16 Pharynx Poor Yes

|

Low

|

Low

|

Low

|_

Dead Low Yes

17 Oral Moderate

|

No

|

Low

|

Low

|

High| Live Low Yes

18 Larynx

|

Moderate

|

Yes

|

Low

|

Low

|

High| Live Low Yes

19 Larynx Poor No

|

High

|

High

|

Low

|

Live Low No

20 Oral Poor No

|

Low

|

Low

|

Low

|_

Live ee er

ZL Pharynx

|

Moderate

|

No

|

High

|

Low

|

High

|

Dead Low Yes

22 Oral Moderate

|

No

|

Low

|

High

|

High

|

Live High No

23 Pharynx

|

Moderate

|

Yes

|

Low

|

High

|

Low Dead High No

24

|

Pharynx

|

Moderate

|

No

|

High| Low

|

High Dead Low Yes

29 Pharynx Poor No

|

Low

|

Low

|

Low

|_

Live oF il

26

|

Pharynx Poor No

|

Low

|

High

|

High| Live High Yes

27 Larynx Well No

|

Low

|

High

|

High

|

Dead Low Yes

28 Larynx Poor No

|

Low

|

Low

|

Low

|_

Live Low No

29 Larynx

|

Moderate

|

No

|

Low

|

Low High

|

Live Low No

30 Oral Moderate

|

No

|

High

|

High

|

Low

|_

Live Low Yes

31 Larynx Well No

|

Low

|

Low

|

Low

|_

Live Low No

32 Larynx Poor No

|

Low

|

High

|

High

|

Live Low Yes

33.

|

Pharynx Poor Yes

|

High} High

|

High| Live Low Yes

34

|

Pharynx

|

Moderate

|

No

|

Low

|

High

|

Low Live High No

35

|

Pharynx Poor No

|

High

|

Low

|

Low

|_

Live Low No

36 Oral Moderate

|

Yes

|

High

|

Low

|

Low

|

Dead Low No

|

37 Oral Moderate

|

No

|

High| High

|

Low

|_

Live Low Yes  
vi
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Tumour

|

Tumour . MTBP

|

MTBP
No. Site Grade L.N. p53 MDM2 ki67| Fate Cyto. Nuc.

38 Larynx Poor No

|

Low

|

Low

|

Low

|_

Live High Yes

39 Larynx Well No

|

High

|

High

|

High

|

Live Low Yes

40

|

Pharynx Poor Yes

|

High

|

Low

|

Low

|_

Live Low No

4] Larynx Well No

|

High

|

Low

|

Low

|_

Live Low Yes

42

|

Pharynx Poor Yes

|

Low

|

Low

|

High| Dead Low No

43 Oral Well No

|

High} Low

|

High

|

Live Low Yes

44 Oral Well No

|

Low

|

Low

|

High| Live Low Yes

45 Larynx Well No

|

Low

|

High

|

High

|

Live Low Yes

46 Oral Well No

|

Low

|

Low

|

Low

|_

Live 7 di

47 Larynx

|

Moderate

|

No

|

High

|

Low

|

High

|

Live High Yes

48 Oral Poor Yes

|

High

|

High

|

High

|

Live High No

49 Larynx

|

Moderate

|

No

|

Low

|

Low

|

High

|

Dead Low Yes

50 Larynx

|

Moderate

|

Yes

|

High

|

High

|

Low

|

Live Low Yes

51 Pharynx Poor Yes

|

High

|

High

|

High| Dead High Yes

52 Oral Moderate

|

Yes

|

Low

|

High

|

High

|

missing

|

High No

53 Pharynx Poor No

|

Low

|

High

|

High

|

Live High No

54 Larynx

|

Moderate

|

No

|

Low

|

High

|

High| Dead Low No

55 Oral Well Yes

|

High

|

Low

|

Low

|_

Dead Low Yes

56 Oral Poor Yes

|

High

|

Low

|

High| Dead Low Yes

57 Oral Well No

|

High

|

High

|

High

|

Live Low Yes

58 Larynx Poor No

|

Low

|

High

|

High| Live High Yes

ao Oral Moderate

|

No

|

High| High

|

Low

|

Dead High Yes

60 Larynx Poor Yes

|

High

|

High

|

High| Live High No

61 Pharynx Well No

|

High

|

Low

|

High| Dead High Yes

62 Larynx Poor Yes

|

High

|

Low

|

Low

|

Live High No

63 Larynx Poor No

|

High

|

High

|

Low

|_

Live Low No

64 Oral Moderate

|

No

|

High| Low

|

Low

|

Dead Low Yes

65 Larynx Poor No

|

High

|

Low

|

High

|

Live Low Yes

66 Larynx Well No

|

High| Low

|

High| Dead Low Yes

67 Larynx Well No

|

Low

|

High

|

Low

|

Dead Low No

68 Larynx

|

Moderate

|

No

|

High

|

High

|

High

|

Dead High No

69 Oral Moderate

|

Yes

|

Low

|

High

|

High

|

missing

|

Low No

70 Larynx Poor No

|

High

|

High

|

Low

|

Dead High No

71 Pharynx Poor Yes

|

High

|

High

|

High

|

Dead High No

72 Larynx Well No

|

High| High

|

Low

|_

Live High Yes

73 Larynx Poor No

|

Low

|

High

|

Low

|

Live ae os

74 Larynx Well No

|

Low

|

Low

|

High

|

Dead Low Yes

75 Larynx Poor No

|

High| High

|

High

|

Dead High No

76 Larynx Well No

|

High| Low

|

Low

|_

Live High No

77 Larynx Poor No

|

High

|

Low

|

High

|

Dead Low No

78

|

Pharynx Poor Yes

|

High| High

|

Low

|

Dead Low Yes

79

|

Pharynx

|

Moderate

|

No

|

High

|

High

|

High| Live Low Yes

80 Larynx

|

Moderate

|

Yes

|

High

|

High

|

High| Dead Low No |          
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Tumour Tumour . MTBP MTBP
No. Site Grade L.N. p53 MDM2 ki67 Fate Cyto. Nuc.

81 Larynx Moderate No Low High High Dead High Yes

82 Oral Well Yes Low High Low Live Low No

83 Pharynx Moderate Yes High High High Dead Low Yes

84 Pharynx Poor No High| High Low Dead High Yes

85 Oral Moderate Yes High Low Low Dead Low Yes

86 Pharynx Moderate No Low High High| Dead Low No

87 Pharynx Poor No High High High Dead Low Yes

88 Pharynx Poor Yes High Low Low} Dead Low No

89 Larynx Poor Yes Low High High| Dead High No

90 Pharynx Moderate Yes High High High| Dead High Yes

91 Larynx Moderate No Low High High| Live Low Yes

92 Larynx Poor No Low High Low Live Low No

93 Larynx Poor Yes Low High High| Dead Low Yes

94 Pharynx Poor Yes High| High High Dead High No

95 Pharynx Poor Yes High High High} Dead High No

96 Oral Poor No High| High High Dead High No

7 Oral Poor No High} Low High Dead High Yes

98 Oral Poor Yes Low High Low Dead Low Yes

99 Larynx Well No High} Low High| Live or _

100 Oral Moderate No High Low High} Dead Low Yes

101 Pharynx Poor Yes High| Low High| Dead High Yes

102 Pharynx Poor Yes Low High High| Live High No

103 Pharynx Poor Yes High Low High| Dead High No

104 Pharynx Moderate Yes High High High Live Low Yes

105 Oral Moderate No High High High| Live Low Yes

106 Pharynx Moderate Yes Low Low Low Dead Low Yes

107 Pharynx Moderate No High Low Low Live High No

108

|

Larynx Well No

|

Low

|

Low

|

Low

|_

Live i ee

109

|

Larynx Poor Yes

|

Low

|

Low

|

High|_ Live High No

110 Oral Moderate

|

No

|

Low

|

Low

|

Low

|

Dead High No

111

|

Pharynx Well No

|

Low

|

High

|

Low

|

Live Low No

112

|

Larynx

|

Moderate

|

Yes

|

High

|

Low

|

Low

|

Dead Low No

113

|

Pharynx

|

Moderate

|

Yes

|

Low

|

High

|

Low

|_

Live Low No

114

|

Larynx

|

Moderate

|

Yes

|

High

|

Low

|

High| Dead Low Yes

115 Oral Moderate

|

Yes

|

Low

|

High

|

High

|

Live Low Yes

116

|

Larynx

|

Moderate

|

No

|

High| High

|

Low| Live Low No

117

|

Larynx

|

Moderate

|

No

|

High

|

Low

|

Low| Live Low Yes

118

|

Pharynx Poor Yes

|

Low

|

High

|

High| Live High No

119

|

Larynx

|

Moderate

|

No

|

High

|

Low

|

Low

|

Dead rs *

120

|

Larynx

|

Moderate

|

No

|

Low

|

Low

|

Low| Live *e% in

121

|

Pharynx

|

Moderate

|

Yes

|

High

|

High

|

High

|

Dead Low Yes

122

|

Pharynx

|

Moderate

|

Yes

|

Low

|

High

|

Low

|

Dead Low No

123

|

Larynx

|

Moderate

|

No

|

Low

|

Low

|

Low

|

Dead Low No       
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Tumour

|

Tumour . MTBP| MTBP
No. Site Grada L.N.

|

p53

|

MDM2

|

ki67

|

Fate Cyto.

|

Nuc.

124

|

Pharynx Well No

|

High

|

High

|

Low

|

Dead Low No

125

|

Pharynx

|

Moderate

|

Yes

|

High

|

Low

|

High

|

Dead Low No

126

|

Pharynx Poor Yes

|

Low

|

High

|

High

|

Dead High No

127

|

Pharynx

|

Moderate

|

Yes

|

High

|

Low

_|

High

|

Live High No

128

|

Pharynx Well No

|

High| High

|

High

|

Dead Low No

129

|

Pharynx

|

Moderate

|

Yes

|

Low

|

High

|

Low

|

Live Low Yes

130 Oral Well No

|

High} High

|

Low

|

Live Low Yes

131

|

Larynx

|

Moderate

|

No

|

High

|

Low_| High Dead Low Wes

132

|

Pharynx Poor No

|

High} Low

|

Low

|_

Live Low No

133 Oral Moderate

|

Yes

|

Low

|

High

|

Low

|

Dead Low No

134

|

Larynx

|

Moderate

|

No

|

High| High

|

Low Dead Low No

135

|

Larynx

|

Moderate

|

Yes

|

High

|

High

|

Low Live Low No

136

|

Larynx Poor No

|

Low

|

Low

|

Low

|

Dead Low No

137

|

Pharynx

|

Moderate

|

Yes

|

High

|

Low

|

Low

|

Dead Low No

138

|

Larynx

|

Moderate

|

No

|

High| Low

|

High| Live Low Yes

139

|

Pharynx

|

Moderate

|

Yes

|

Low

|

Low

_|

Low Dead Low Yes

140

|

Larynx

|

Moderate

|

No

|

Low

|

Low

|

Low

|

Dead High No

141 Oral Moderate

|

Yes

|

High} Low

|

Low

|_

Dead Low Yes

142

|

Pharynx

|

Moderate

|

Yes

|

Low

|

High

|

High Dead High No

143 Oral Well No

|

Low

|

High

|

Low

|_

Live High No

144 Oral Moderate

|

No

|

Low

|

High

|

High

|

Live “ *

145 Oral Moderate

|

No

|

High

|

High

|

Low

|

Dead Low Yes

146 Oral Moderate

|

Yes

|

High} Low

|

High

|

Dead Low No

147

|

Pharynx

|

Moderate

|

No

|

High

|

Low

|

Low

|

Dead Low Yes

148

|

Pharynx

|

Moderate

|

No

|

Low

|

Low

|

Low Live High No

149

|

Pharynx Well Yes

|

Low

|

Low

|

Low

|_

Dead Low Yes

150

|

Pharynx

|

Moderate

|

Yes

|

Low

|

High

|

High Dead Low No

151

|

Pharynx Poor Yes

|

High

|

High

|

Low

|

Dead Low No

152

|

Larynx Poor No

|

Low} Low

|

Low

|

Live Low No

153

|

Pharynx Poor Yes

|

High| Low

|

Low

|_

Live High No

154

|

Larynx

|

Moderate

|

Yes

|

Low

|

Low Live se *

155 Oral Poor Yes

|

High| High

|

Low

|_

Live High No

156 Oral Well No

|

High

|

High

|

Low

|_

Live Low No

157

|

Larynx

|

Moderate

|

Yes

|

High

|

Low

_|

Low Dead Low No

158

|

Larynx

|

Moderate

|

Yes

|

Low

|

Low High

|

Live High No

159 Oral Poor No

|

High} Low

|

Low

|_

Live Low No

160

|

Pharynx

|

Moderate

|

Yes

|

High

|

Low

_|

High

|

Live High No

161

|

Pharynx

|

Moderate

|

No

|

High

|

Low

_|

Low Dead Low No

162

|

Larynx

|

Moderate

|

Yes

|

High

|

Low

|

Low Dead Low No

|

163

|

Pharynx

|

Moderate

|

Yes

|

Low

|

Low Low

|_

Live Low No

164 Oral Well No

|

Low

|

High

|

Low

|

Live Low No

165

|

Pharynx Poor Yes

|

Low

|

High

|

Low

|_

Live High No

166

|

Pharynx Well No

|

High| High

|

High

|

Dead High Yes
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Tumour Tumour : MTBP MTBP
No. Site Grade L.N. p53 MDM2 ki67/| Fate Cyto. Nuc.

167 Larynx Moderate No Low High High Live High No

168 Larynx Poor Yes High} Low High| Live Low Yes

170 Oral Moderate No High High Low Dead Low Yes

171 Pharynx Moderate No High High Low Live Low No

172 Larynx Moderate No Low High Low Live High No

173 Larynx Well No Low Low Low Live High No

174 Larynx Well No High| High Low Live Low No

175 Pharynx Poor No High} Low High| Dead High Yes

176 Larynx Moderate Yes Low Low Low Dead Low Yes

177 Larynx Poor Yes Low Low Low Dead High No

178

|

Pharynx Poor Yes

|

Low

|

Low

|

Low

|

Dead High No

179 Larynx Poor No High| Low Low Dead High No

180 Larynx Moderate No High Low Low Dead Low Yes

181 Pharynx Moderate No High High High| Live Low Yes

182 Larynx Well No Low High High| Live High Yes

183 Pharynx Moderate Yes Low High High| Dead High Yes

185

|

Pharynx

|

Moderate

|

No

|

Low

|

High

|

Low

|_

Live High No

186

|

Larynx

|

Moderate

|

No

|

High

|

High

|

Low

|

Live High No

187 Pharynx Poor Yes High High High Live High No

188 Pharynx Moderate Yes High High Low Live High No

189 Larynx Moderate No Low High High Live High No

190 Pharynx Moderate No High High High Live High Yes

191 Larynx Poor No High Low High Dead High No

192 Oral Poor No High| Low High| Live High No

193 Oral Well No High| Low Low Live Low Yes

194 Larynx Moderate No High Low Low Live * -

195 Larynx Moderate Yes High Low High Dead High No

196 Larynx Poor Yes High High Low Live High No

197 Larynx Moderate No High High High| Dead Low Yes

198

|

Larynx Poor Yes

|

High} High

|

High| Dead High Yes

199

|

Larynx Well No

|

Low

|

Low

|

Low

|_

Live Low Yes

200

|

Larynx

|

Moderate

|

No

|

Low| Low

|

Low} Live Hs oe
   ** Un Scorable
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