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Abstract

Development of a dendritic cell-based vaccine 
to enhance CD4+ T-cell responses to a breast tumour antigen

Joanne Louise Carter

With 570,000 new cases in the world each year, breast cancer remains the commonest 
malignancy in women and comprises 18% of all female cancer. The failure of current 
therapies for the treatment of women with metastatic breast cancer has culminated in 
the emergence of immunotherapy as a potential means of eradicating residual disease 
following surgery.

The study sought to develop a dendritic cell-based vaccine which was capable of 
generating CD4+ T-cell proliferative responses against a known breast tumour 
antigen. p53 was selected as the antigen to be manipulated due to increasing evidence 
of T-cell responses to both mutant and wild type forms in breast cancer patients. As it 
is favourable to pulse dendritic cells with nucleic acids rather than recombinant 
protein or peptides it was necessary to target endogenous p53 to the MHC class II 
pathway to enhance presentation of p53 to CD4+ T-cells. cDNA encoding the signal 
peptide motif, YTPL, present in the cytoplasmic tail of HLA-DMp, known to target 
HLA-DM to MHC class II compartments, was appended to the 3’ terminus of p53. 
Experiments assessed the ability of YTPL to target p53 to the lysosomal compartment 
in transfected HeLa cells. Control constructs encoding p53 targeted to other cellular 
compartments were analysed. In order to transfect DC with nucleic acids, experiments 
were also performed to establish optimal transfection conditions utilising non-viral 
methods.

This study has successfully targeted p53 to the lysosomal compartment of HeLa cells 
by virtue of YTPL and has investigated the use of many non-viral techniques to 
transfect DC. Further work is necessary to determine which construct encoding p53 
provides optimal access to the MHC class II pathway and to improve transfection 
efficiencies of dendritic cells. Thus, this study has paved the way for a dendritic cell - 
based vaccine for breast cancer.
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Chapter One

Chapter One

1.1 Introduction

Breast cancer is the most common malignancy among women (Smith, 1995). In the 

United Kingdom approximately 24,000 women develop breast cancer annually and 

15,000 women die of the condition, representing 20% of all cancer mortality 

(Yamold, 1995). Although the management of breast cancer has improved over the 

past few decades, it remains an important challenge for the clinician. Most women 

presenting with a malignant breast lump have micrometastatic disease spread outside 

the breast and regional lymph nodes (Smith, 1995). Local treatment, surgery with or 

without radiotherapy, is unable to control the micrometastases, and adjuvant systemic 

treatment with cytotoxic chemotherapy or endocrine therapy can only help to provide 

substantial palliation of symptoms with a limited impact on survival (de Valeriola, 

1997).

The overall failure of current cancer therapies to control metastatic disease reflects 

their lack of selectivity, the absence of specific target-sites on malignant cells and the 

consequent inability to discriminate between normal and malignant states. An 

immunological approach to breast cancer treatment may help to overcome the 

problem of discrimination by the utilisation and manipulation of the immune system 

to respond to specific targets on tumour cells which may ultimately result in their 

eradication.

There are a number of unique clinical and histological features of breast cancer which 

point to tumour-specific immune responses. Reports have shown that the incidence of 

non-invasive malignancies determined by mammography is greater than the predicted 

clinical frequency (Fisher, 1980a). Also it is extremely rare to have two clinical 

tumours in the same breast, even though there is a significant frequency of additional 

foci of tumour cells in the presence of a malignancy in a pathological specimen (Baak 

et al., 1985). Observations at autopsy, have revealed the presence of foci of 

malignancy that never made clinical disease (Fisher, 1980b). Further clinical reports 

have shown that monoclonal antibodies (mAb) detect a higher frequency of tumour
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cells in regional nodes and bone marrow than would be expected on the basis of 

recurrence rates (Cote et al., 1991; Osborne et ah, 1994). Importantly, numerous 

studies have noted lymphocytic infiltration in human breast cancers. The most 

extensive studies carried out by Fisher et al. (1974) and Aaltomaa et al. (1992) 

reported that 76% of breast cancers were positive for inflammatory cells. There is, 

however, much controversy over its significance as a prognostic factor. Yoshimoto et 

al. (1989) demonstrated that the action of this prognostic factor is only apparent 5-10 

years of follow up in breast cancer patients.

Despite evidence of an immune response to breast cancer in many patients, it is 

apparent that these responses are unable to control progression of the disease. Many 

studies have thus adopted different approaches in an attempt to augment these 

responses. High dose recombinant interleukin (IL)-2 has been employed alone or in 

conjunction with doxorubicin in nine patients. Partial responses were found in 1 of 5 

and 3 of 4, respectively (Paciucci et al., 1989). High dose IL-2 with infusion of IL-2- 

expanded lymphokine-activated killer (LAK) cells in two patients with breast cancer 

yielded one partial response lasting less than one month (Topalian et al., 1992). More 

recently, Euhus et al. (1997) have shown that human breast cancer cells can be 

effectively transfected with the IL-2 gene and that IL-2 producing autologous tumour 

cells induce patients CD3+, CD56+ lymphocytes to bind and kill tumour cells. Tsang 

et al. (1995) have also generated cytotoxic T-cells (CTL) specific for human 

carcinoembryonic antigen (CEA) derived-epitopes from patients immunised with 

recombinant vaccinia-CEA vaccine. Although preliminary results obtained from these 

studies and clinical trials are encouraging, further research is necessary to improve 

immunological strategies for the treatment of breast cancer.

1.2 Experimental evidence for immunological responses to breast cancer

Breast tumours are almost invariably associated with an inflammatory infiltrate 

consisting mainly of T lymphocytes with a few B lymphocytes and granulocytic cells 

including natural killer cells. Some tumour infiltrating lymphocytes (TIL) are positive 

for both major histocompatibility (MHC) class I and II antigens and the high affinity

2
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IL-2 receptor, indicating activation (Hadden, 1995). The majority of infiltrating T 

lymphocytes express the ap  T-cell antigen receptor (TCR), although y8 TCR- positive 

T-cells have also been observed (Bank et al., 1993). y8 T-cells may be cytotoxic, but 

may also contribute to immune suppression (Seo & Egawa, 1995). Phenotypic 

analysis of TCR p-chain usage has indicated polyclonal reactivity to multiple antigens 

(Durie et al., 1992). Analysis of cytokine mRNA expression carried out by Vitolo et 

al. (1992), showed low level expression which increased with the intensity of 

infiltration. These data indicate that mixed T-cell infiltrates occur in a high percentage 

of breast tumours and that the T-cells involved show some evidence of activation. 

Lymphocytic infiltration is possibly due to both a non-specific inflammatory response 

resulting from tumour-derived cytokines and also a T-cell mediated response 

involving the recognition of tumour antigens. However, such responses are possibly 

suppressed by tumour- or T cell-induced suppressor mechanisms (Hadden, 1999).

Many research groups have cloned CD4+ T-cell lines from breast cancer infiltrates 

with variable reactivity to autologous tumour (reviewed in Hadden, 1999). Other 

groups have cloned T-cells from peripheral blood, regional lymph nodes or pleural 

effusions, yielding MHC-restricted CTL specific for autologous targets (reviewed in 

Hadden, 1999). Dadmarz et al. (1995) demonstrated that MHC-class II restricted 

CD4+ T-cells recognising tumour-associated antigens can be detected in some breast 

cancer patients. Goedegebuure et al. (1997) subsequently demonstrated simultaneous 

production of T helper-1-like cytokines and cytolytic activity by tumour-specific T- 

cells in breast cancer and also ovarian cancer.

In addition to the TIL studies, there has been evidence of cellular mediated immunity 

to breast cancer related antigens using autologous tumour extracts in studies involving 

more that 350 patients. In vitro studies reported that 50% of tests for 

lymphoproliferative responses of peripheral blood lymphocytes and lymphocytoxicity 

were positive. In vivo skin tests revealed delayed-type hypersensitivity in 40% of 

patients (Hadden, 1994; Elliot et al., 1994). Evidence of serological responses to 

breast cancer extracts were also reported in over 40% of patients.
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The experimental and clinical evidence of immune responses to breast cancer outlined 

above has encouraged immunologists to embark on the identification of breast tumour 

associated antigens which could lead to the development of effective immunotherapy 

strategies for breast cancer.

1.3 Experimental approaches to the identification of tumour antigens

Three main approaches to the identification of tumour associated antigens have been 

used, relying on CTL lines generated predominantly from patients with melanoma to 

demonstrate tumour-specificity. They have been referred to as the genetic, 

biochemical or complementary strategy.

The genetic approach, pioneered by Boon and colleagues (van Der Bruggen et al.,

1991), involved the transfection of cosmid libraries prepared with DNA from 

antigenic tumour cells into human leucocyte antigen (HLA)-matched cells. 

Transfectants expressing the relevant antigen were identified by their ability to 

stimulate T-cell proliferation or to induce tumour-necrosis factor (TNF)-a production. 

This approach has been improved by the use of tumour-derived cDNA libraries that 

are transiently transfected into COS cells to provide very high levels of expression. 

Once the gene has been identified, the region encoding the antigenic peptide can be 

isolated by transfecting gene fragments. Synthetic peptides can then be tested for 

recognition by CTL.

The biochemical approach takes advantage of the observation that acid treatment of 

MHC class I molecules releases the peptides bound to them. The eluted peptides are 

fractionated by high pressure liquid chromatography and then tested for their ability to 

induce CTL-mediated lysis when loaded onto targets cells expressing ‘empty MHC 

class I molecules’. Peptides are fractionated further until individual peptides can be 

tested and identified by mass spectrometry (Cox et al., 1994; Castelli et al., 1995).

The complementary approach involves analysing the coding sequence of proteins 

known to be over expressed or mutated in tumours to identify potential HLA-binding
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peptides. This is based on the observation that peptides binding to a given HLA 

molecule must have certain amino acids at given positions, which are critical for 

interacting with the groove of the HLA molecule known as consensus anchor motives 

(Rammensee et al., 1995a). These peptides are synthesised and tested directly for 

their ability to bind to the relevant HLA molecule (Cerundolo et al., 1991; Ruppert et 

al., 1993). Peptides with the highest binding affinities are then used to stimulate T- 

cells in vitro in order to generate CTL that recognise a given peptide-MHC complex 

(Houbiers et al., 1993; Celis et al., 1994). To ensure that the peptide is a genuine 

tumour antigen the CTL are tested for their recognition of tumour cells that express 

the relevant gene.

The strategies described above do not lend themselves to the identification of MHC 

class II restricted tumour antigens, primarily because of the lack of sensitivity of bulk 

T-cell activation assays and the size heterogeneity of MHC class E-restricted 

peptides. A number of different approaches are currently being explored. A recent 

method, which involves the characterisation of serological responses against 

autologous tumour cells in cancer patients, has been used to successfully identify 

antigens recognised by both CD4+ and CD8+T-cells. This approach, called serological 

analysis of recombinant cDNA expression libraries (SEREX), employs a serological 

screening of tumour-derived cDNA libraries expressed in bacteria, to detect tumour 

antigens specifically bound by low titres of IgG. This approach is based on the 

assumption that isotype switching from IgM to IgG implies the presence of specific 

help from CD4+ T-cells. Serum from cancer patients can be used to identify tumour 

antigens recognised by CD4+ T-cells using this SEREX technique (Sahin et al., 1995; 

Chen et al., 1997).

Wang et al. (1999a; 1999b) have modified the genetic approach to identify MHC 

class II restricted tumour antigens instead of those restricted by MHC class I. This 

involves the generation of a cDNA library from tumour cells that are capable of 

stimulating proliferation of a MHC class II restricted CD4+ T-cell line. To ensure 

presentation by MHC class II molecules, the cDNA library is cloned downstream of a 

gene fragment encoding the first 80 amino acids of the invariant chain. The cDNA 

library is transfected into target cells expressing appropriate MHC class E molecules.

5
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Target cells capable of activating the tumour-specific CD4+ T-cell clone are identified 

followed by the tumour antigen.

Application of the more recent strategies will speed up the identification of new 

tumour antigens expressed in many cancers including breast, and facilitate the 

development of cancer vaccines capable of stimulating both CD4+ and CD8+ T-cell 

responses.

1.4 Breast tumour associated antigens

The identification of the antigens involved in immune responses to breast cancer has 

been the focus of intense investigation over the last decade.

1.4.1 p53 tumour suppressor protein

The p53 protooncogene encodes a 53 kDa nuclear phosphoprotein which acts as an 

important negative regulator of the cell cycle (Hollstein et al., 1991). It is normally 

expressed at low levels in cells. However, in response to DNA damage, p53 protein 

levels rise as a result of a posttranslational mechanism that leads to its stabilisation 

(Maltzman & Czyzyk, 1984). As a consequence, p53 becomes active as a 

transcription factor, inducing the transcription of genes such as: p21wafl, which 

mediates G1 arrest by associating with a cyclin/cdk/PCNA complex and causing 

inhibition of its kinase activity, thus blocking cell cycle progression into S-phase 

(Waldman et al., 1995); GADD45, which functions in DNA repair (Kastan et al.,

1992); Bax, which induces apoptosis (Miyashita et al., 1995); and cyclin G, the 

function of which is not yet known (Okamoto et al., 1994). These activities prevent 

the establishment of mutations in future generations of cells. There is evidence that 

the p53 gene can suppress the growth of both transformed murine (Eliyahu et al., 

1989; Finlay et al., 1989) and human cells (Baker et al., 1990; Mercer et al., 1990; 

Diller et al., 1990). Mutations in the gene results in the oncogenic form and loss of the 

suppressor function.
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Mutations in the p53 gene are the most commonly found genetic alterations in human 

malignancies (Levine et al., 1991; Hollstein et al., 1991). They are generally diverse, 

single-base missense mutations (Kovach et al., 1996) which abrogate the function of 

p53 as a suppressor of cell division. Loss of p53 function in tumour cells occurs in 

more than half of human malignancies and is associated with high genomic 

instability, resistance to chemotherapy and radiation therapy and metastasis. p53 

protein is normally undetectable in non-malignant tissues (Levine, 1993), however, 

mutations of p53 induce prolonged stability of the protein and results in higher 

concentrations of the mutated p53 protein product in the nucleus and cytoplasm 

(Soong et al., 1996). It is over expressed in 57% of breast cancers and is associated 

with rapid cell proliferation and poor prognosis in breast cancer patients (Hadden, 

1999).

In tumour cells, mutant p53 accumulates to high levels within extranuclear cell 

compartments, which may influence p53 antigen processing and presentation to T- 

cells. Therefore, p53 represents an antigen of choice for the study of immune 

responses to tumour-associated proteins and for the design of vaccines for breast 

cancer. The majority of the mutant protein overexpressed in tumours resembles wild- 

type p53 due to mutations resulting in the alteration of a single amino acid 

(Vogelstein et al., 1992) The spectrum of p53 mutations is very wide and variable 

(Hollstein et al., 1996), thus making it difficult to conceive targeting a specific mutant 

p53 epitope for each tumour. Therefore, vaccination against wild-type p53 protein 

might have much broader applications since it could work against any tumour over 

expressing p53 without the need to precisely assess the p53 mutation and the HLA- 

type of a patient.

There is evidence for T-cell responses to both wild type and mutant p53 in breast 

cancer patients. Houbiers et al. (1993) demonstrated in vitro induction of human CTL 

responses against peptides of mutant and wild-type p53. They identified peptides of 

mutant p53 capable of binding to HLA-A2.1 by using TAP (transporter of antigenic 

peptides) deficient T2 cells in an in vitro peptide binding assay. Tilken et al. (1995) 

reported cell immunity against wild-type p53 in breast cancer patients. Peripheral 

blood mononuclear cells (PBMC) collected from 6 breast cancer patients were tested
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for a lymphoproliferative response to wild-type p53 protein in vitro. Significant 

primary proliferative T-cell responses were detected in 3 out of 6 breast cancer 

patients whose tumours over expressed p53.

There is additional evidence that accumulation of the p53 protein allows recognition 

by human CTL of a wild-type p53 epitope presented by breast carcinomas and 

melanomas. Gnjatic et al. (1998) generated a CTL line from PBMC of a healthy 

donor directed against HLA-A2 restricted peptide 264-272 from wild-type p53. It 

efficiently lysed breast adenocarcinomas MCF-7, MCF7/RA1 and MDA-MB 231 

which all accumulate the p53 protein. Cells with undetectable levels of wild-type p53 

and breast tumour cell lines with HLAA2 loss were not recognised. This work 

illustrates the fact that wild-type p53 epitopes are commonly shared by different 

breast tumours which raises the possibility of a widely applicable immunotherapeutic 

approach.

There has been concern that using wild type epitopes of p53 as targets may have 

adverse autoimmune effects on the patient. However, DeLeo (1998) demonstrated that 

immunisation of BALB/c mice with bone marrow-derived dendritic cells (DC) 

prepulsed with the H-2Kd-binding wild-type p53232-240 peptide induced anti-peptide 

CTL responses. These effectors were cross-reactive against sarcomas expressing p53 

missense mutations outside of the p53232-240 epitope but not within it. The p53 

peptide-pulsed DC-based vaccine was shown to be effective in inducing tumour 

rejection in immunisation and therapy models in the absence of any observable 

deleterious effect on nai've mice.

1.4.2 HER-2/neu protooncogene

HER-2/«ew is a type I transmembrane protein consisting of a large cysteine-rich 

extracellular domain, a short transmembrane domain, and a small cytoplasmic domain 

with a relative molecular mass of 185 kDa (Coussens et al., 1985). The function of 

HER-2Ineu is not well defined but it is associated with increased tyrosine kinase 

activity (Di Fiore et al., 1990). HER-2/wew is amplified and over expressed in many 

human cancers, largely adenocarcinmoas of breast, ovary, colon and lung. In breast 

cancer, HER-2 Ineu over expression is associated with aggressive disease and poor
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prognosis (Paik et al., 1990; Toikkanen et al, 1992). Over expression may also be 

related to tumour formation with HER-2/wew amplification being detectable in 50- 

60% of in situ ductal breast carcinomas. HER-2/«ew protein has been examined as a 

possible target for T-cell mediated immunotherapy (Ioannides et al, 1992). Previous 

studies have shown that some patients with breast tumours have existent CD4+ T-cell 

responses to HER-2/«ew proteins and peptides. The study carried out by Disis et al. 

(1994) has identified candidate CTL epitopes.

1.4.3 MAGE-1 and MAGE-2

A previously unidentified gene termed MAGE-1 was isolated following the stable 

transfection of an antigen loss variant with a cosmid library prepared with DNA from 

the melanoma cell line MZ2-MEL (Van der Bruggen et al., 1991). This gene was 

found to be expressed in about 37% of melanomas, and in a significant proportion of 

other tumours, but not in normal tissues except testes. A peptide antigen termed MZ2- 

E, encoded by MAGE-1 and restricted by HLA-A1, was the first human tumour 

antigen to be identified (Traversari et al., 1992). MAGE-1 was also found to encode a 

second peptide antigen that is recognised by melanoma-specific CTL clones in 

association with HLA-Cwl6 (Van der Bruggen et al., 1994). MAGE-1 belongs to 

family of twelve genes, among which MAGE-3 also encodes a peptide recognized by 

melanoma-specific CTL on HLA-A1 (Gaugler et al., 1994). MAGE-3 is also silent in 

normal tissues except testes, but it is expressed in tumours about twice as frequently 

as MAGE-1. Synthetic peptide epitopes of MAGE-3 are capable of eliciting cytotoxic 

T cells in vitro (Celis et al., 1994). MAGE 1 and 3 have been shown to be expressed 

in 20% and 26% breast cancer patients respectively (Russo et al., 1995).

1.4.4 Carcinembryonic antigen

Carcinoembryonic antigen is a 180 kDa glycoprotein and is expressed on most 

adenocarcinomas of the gastrointestinal tract, on 50% of breast cancers and 70% of 

non-small-cell lung cancers. Apparently, CEA is not naturally immunogenic, yet 

possible immunotherapy approaches using peptide epitopes of CEA are underway 

(Schlom et al., 1996). A CEA-adenovirus construct has been employed in animal 

studies and has elicited cellular and humoral immune responses and tumour
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regression (Kantor et al., 1992; Schlom et al., 1996). Human CTL specific for CEA 

epitopes have been generated from metastatic carcinoma patients immunised with 

recombinant vaccinia-CEA vaccine (Tsang et al., 1995). Alters et al., (1997) have 

shown CEA peptide-pulsed DC to be effective in eliciting specific CTL in vitro.

1.4.5 Polymorphic epithelial mucin

Mucins, which are produced by ductal epithelial cells of many tissues are also 

expressed by tumours originating from these tissues including the breast. The 

polymorphic epithelial mucin (PEM) produced by breast and pancreatic epithelial 

cells, is encoded by the gene MUC-1 (Taylor-Papadimitriou et al., 1991; Gendler et 

al., 1990). It is a transmembrane glycoprotein with an extracellular domain consisting 

mainly of tandem repeats of 20-amino acids which are highly glycosylated by O- 

linked carbohydrates (Hareuveni et al., 1990; Lan et al., 1990). Following malignant 

transformation of ductal epithelial cells, MUC-1 glycoprotein is underglycosylated 

allowing the exposure of normally cryptic carbohydrates and components of the 

tandem repeat peptide core segments resulting in CTL recognition (Gendler et al., 

1988; Jerome et al., 1993). This recognition which depends on the presence of 

multiple repeats occurs in the absence of HLA-restriction. These mucin antigens 

appear to be very specific for tumour cells (Boon & van der Bruggen., 1996). MUC-1 

is increased up to 10-fold in breast cancer and is expressed in 90% of breast tumours. 

High levels are associated with poor prognosis. Studies have demonstrated both 

cellular and humoral immune responses to MUC-1 peptide antigen in patients with 

breast cancer (reviewed in Hadden, 1999). Other studies have shown both cellular and 

humoral immune responses to carbohydrate and core antigens in animal tumour 

models in association with vaccine immunotherapy-induced tumour regression 

(Hadden, 1999). Research into the development of vaccines based on MUC-1 is 

underway (Apostolopoulos et al., 1996).

1.4.6 Mouse mammary tumour virus-related peptides

Mouse mammary tumour virus (MMTV) is a cause of breast cancer in mice. There is 

genetic evidence that a phylogenetically-altered virus may have entered the human 

genome long ago and is not expressed as a virus but as related DNA and peptide
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sequences (Acha-Orbea & Palmer, 1991). Various studies have detected antibodies 

and cellular responses to MMTV-related protein sequences in breast cancer patients 

(De Ricqles et al., 1993). MMTV-related peptides expressed on breast cancer cells 

have also been used to make immunogens for synthetic vaccines (Dion et al., 1990).

In summary, human breast cancers express a number of defined antigens including 

p53, HER-2/neu, MAGE-1/3, CEA and mucin repeat sequences. Due to their specific 

expression in breast tumours, these antigens may be therapeutically useful as targets 

for vaccine treatment strategies.

1.5 Importance of CD4+ T-cells in antitumour immunity

Of the cancer vaccine strategies developed to date, most have focused on the 

generation of CD8+ effector T-cells, primarily because most tumours are positive for 

MHC class I yet negative for class n. Importantly, numerous studies have 

demonstrated that CTL can mediate the direct killing of MHC class I* tumour cells. 

Although these studies emphasise the importance of CD8+ T-cells in the antitumour 

immune response, the involvement of CD4+ T-cells should not be overlooked. In 

antigen-specific immune responses, CD4+ T lymphocytes initiate and maintain 

antigen-specific immunity by providing help in the form of secreted cytokines for 

both B lymphocyte and CD8+ T-cell responses, as well as sustaining immunological 

memory in the competent host. Recent work carried out using cytokine-secreting 

tumour cell vaccines has provided evidence of the important role of T helper cells in 

anti-tumour immunity. Fearon et al (1990) performed experiments using the poorly 

immunogenic CT26 colon carcinoma model in BALB/c mice, in which they were able 

to bypass the need for a T helper response by inoculating mice with CT26 cells that 

had been genetically engineered to secrete IL-2. Mice could reject large doses of 

gene-modified tumours and in vivo depletion of T-cell subsets demonstrated that 

CD4+ T-cells were not critical for primary tumour rejection. Bypassing the T helper 

response in this system, however, resulted in the failure to establish long lasting 

immunity to a secondary tumour challenge. This was also confirmed by experiments 

carried out by Karp et al. (1993). Furthermore, abrogation of antitumour immunity in
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CD4-knockout or mice depleted of CD4+ T-cells has been demonstrated in many 

studies using cell based vaccines, recombinant viral vaccines and recombinant 

bacterial vaccines (Fearon et al., 1990; Golumbek et al., 1991; Dranoff et al., 1993; 

Lin et al., 1996; Ostrand-Rosenberg et al., 1994; Pan et al., 1995).

It is well documented that help for CTL is mediated by cytokines produced by T- 

helper cells activated in proximity to the CTL precursor at the surface of an antigen 

presenting cell (APC) (Keene et al., 1982). More recent evidence has indicated that a 

critical pathway for delivery of help for CTL that is dependent on CD4+ T-cells, uses 

the APC as an intermediary. CD40 ligand (CD40L) is expressed on the surface of 

activated CD4+ T helper cells and is involved in their activation and in the 

development of their effector functions (Grewal et al., 1995; van Essen et al., 1995). 

Interactions between CD40L on the CD4+ T-cell and CD40 on the APC appear critical 

in activating the APC to present antigens to and costimulate the priming of CD8+ CTL 

precursors (Schoenberger et al., 1998; Bennett et al., 1998; Ridge et al., 1998). The 

three cells need not meet simultaneously but the CD4+ T helper cells can first engage 

and condition the APC which then becomes able to stimulate CD8+ T-cells. There is 

increasing evidence that the priming of CD8+ T-cells to tumour antigens and other 

antigens occurs predominantly through the cross-priming pathway involving bone- 

marrow derived APC (Figure 1.1) (Huang et al., 1994). These bone-marrow derived 

APC represent the critical link between CD4+ T-cells and CD8+ T-cells that are 

specific for epitopes restricted by MHC class II and MHC class I respectively.

There is also increasing evidence that tumour-specific CD4+ T-cells can mediate other 

effector functions in antitumour immunity independent of CTL. Recent studies have 

shown that CD4+ T-cells specific for tumour antigens play a critical role in the 

activation of macrophages to produce nitric oxide and superoxides via the Thl 

effector pathway and the activation of eosinophils via the Th2 effector pathway 

(reviewed in Pardoll & Topalian, 1998).

Pardoll and Topalian (1998) have suggested a model in which CD4+ T cells 

orchestrate multiple effector arms of antitumour immunity (Figure 1.1). The priming 

phase of tumour-specific T cells is thought to involve uptake into endosomes,
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Figure 1.1 Central role of CD4+ T-cells in orchestrating multiple effector arms of antitumour 

immunity. Modified from Pardoll and Topalian (1998)
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processing and presentation of tumour antigens by bone-marrow-derived DC. DC, 

which are potent professional APC, traffic to draining lymph nodes where they 

present antigens associated with MHC class I and MHC class II to CD8+ and CD4+ T- 

cells, respectively. Interactions between CD40L on the CD4+ T-cell and CD40 on the 

DC result in full activation of DC to activate CD8+ T-cells. Primed CD4+ cells then 

traffic to sites of tumour metastasis where the effector phase occurs. Thl cells activate 

macrophages to produce reactive oxygen intermediates and Th2 cells activate 

eosinophils to release their granule content. Tumour cells may also be killed directly 

by CTL. These multiple effectors collaborate to produce maximal tumour killing.

Many tumour immunologists have been interested in developing cancer vaccines, the 

majority of which are designed to generate CD8+ T-cell responses. As it is now 

evident that CD4+ T-cells are a crucial component of potent and longlasting 

immunity, there is a growing interest in designing anti-tumour vaccines which will 

enhance the CD4+ T-cell response.

1.6 Immunological escape mechanisms

One of the questions that has puzzled immunologists for many years is why the 

immune system is incapable of eradicating tumours if T-cells have the ability to 

recognise and lyse them. A number of mechanisms have been proposed which enable 

tumours to evade the immune response and are outlined below.

There is evidence that some tumours generate antigen-loss variants which results in 

the failure to develop an effective anti-tumour immune response (Urban et al., 1982; 

Uyttenhove et al., 1983; Wortzel et al., 1983). Down-regulation of MHC expression 

by tumour cells of various histological origins is frequently observed (Kageshita et 

al., 1993; Cordon-Cardo et al., 1991), which represents a major obstacle to successful 

immunotherapy based on CTL generation. Tumour cells may down-regulate p2- 

microglobulin (p2-M), thereby inactivating MHC class I antigen presentation (Restifo 

et al., 1996). They may also down-regulate specific tumour antigen epitope transport 

via the TAP-1 protein, resulting in the failure to exhibit potential MHC/peptide
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complexes on the tumour-cell surface (Cromme et al., 1994). Tumour cells may 

express immunosuppressive factors, such as the transforming growth factor (TGF)-P 

or IL-10 which may down-regulate T-cell activity (Ranges et al., 1987; Torre-Amione 

et al., 1990) or they may express the Fas ligand which induces the apoptotic death 

ofFas sensitive, activated T-cells (Strand et al., 1996). In summary, tumours may 

exhibit one or more of these mechanisms to facilitate immune evasion.

Recent evidence, however, supports a more fundamental mechanism in which in the 

absence of inflammation or tissue destruction the host becomes tolerant to tumour 

antigens (Pardoll, 1998). Dying tumour cells preferentially undergo apoptosis and do 

not release stress proteins and consequently are seen as normal regenerating tissues by 

the immune system (Matzinger, 1994). This can be explained by the conditions 

required for T-cell activation. When the immune system encounters a new antigen, it 

does not necessarily result in the stimulation of T lymphocytes. For stimulation to 

occur the T cell must receive two signals. The first signal is delivered via the TCR by 

its recognition of an antigenic peptide presented in the context of MHC. The second 

signal is provided by costimulatory and adhesion molecules on the cell surface of 

specialised APC interacting with co-receptors on the T-cells (Croft & Dubey, 1997). 

TCR engagement in the absence of a costimulatory signal results in T-cells that fail to 

develop full effector function and are rendered anergic even if both signals are 

provided in a subsequent encounter with antigen (Schwartz et al., 1990). Experiments 

have demonstrated that the encounter of antigens by mature T cells often results in the 

induction of tolerance because of either ignorance, anergy or apoptotic death (Ohashi 

et al., 1991; Burkley et al., 1989). Therefore, activation of T-cells depends on how the 

antigen is presented to the immune system. During viral or bacterial infection, or 

when the antigen is mixed with the appropriate adjuvant, inflammation or tissue 

destruction occurs which results in the activation of the immune response (Figure

1.2). Conversely, when the antigen is expressed endogenously, there is no tissue 

destruction or inflammation which results in the development of tolerance (Figure

1.2). In response to certain inflammatory cytokines APC become activated and 

express costimulatory molecules. The antigen is targeted to these activated APC 

which results in T-cell activation. If APC are not activated by these inflammatory 

cytokines the appropriate costimulatory molecules are not expressed which leads to
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Figure 1.2. Comparison of immune responses to tumour antigens and viral antigens. During the 

inflammation and tissue destruction associated with a viral infection, antigen is targeted to activated 

APC that express costimulatory molecules such as B7 resulting in activation. In contrast, tumour cells 

express endogenous antigens without danger signals. Antigen is either presented directly by the tumour 

or by APC that do not express costimulatory signals resulting in tolerance. Modified from Pardoll, 

1998.
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ignorance, anergy or apoptosis of the antigen-specific T-cell when its receptor is 

bound to the antigen.

The ability of tumours to induce tolerance of T-cells specific to their antigens has 

been demonstrated by Satveley-O’Carroll et al. (1998). Experiments using murine 

tumour systems revealed that antigen-specific T-cells undergo significant changes in 

phenotype and function shortly after exposure to nominal antigen in the tumour- 

bearing host, leading to a state of antigen-specific unresponsiveness. This induction of 

antigen-specific T cell anergy occurs early during the course of tumour progression.

In addition, Wick et al. (1997) and Speiser et al. (1997) have shown that in other 

murine tumour systems, antigenic tumour cells have been found to grow progressively 

in immunocompetent hosts without inducing either acute or memory T cell responses. 

These studies prove that tumours are poor stimulators of immune responses and may 

be capable of actively inducing tolerance (Pardoll, 1998).

In order to be effective, breast cancer vaccines must overcome tolerance and activate 

both CD4+ and CD8+ T-cells, generating a long-lasting response. The recent evidence 

of DC as the most efficient APC for initiation of primary immune responses has 

encouraged studies to investigate their use to reverse tumour induced anergy through 

the presentation of tumour antigen in the context of appropriate secondary signals. In 

this way, immunity directed against these antigens may be amplified and result in 

tumour rejection.

1.7 Dendritic cells

Dendritic cells, which were first visualised as Langerhans cells (LC) in the skin in 

1868, were originally isolated and characterized by Steinman and Cohn in 1973. They 

are potent APC essential for the initiation and modulation of primary immune 

responses.

In most tissues, DC are present in an immature state, unable to stimulate T-cells. They 

lack the requisite accessory signals for T-cell activation such as CD40, CD54 and
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CD86 but are extremely well equipped to capture antigens. They are able to take up 

particles and microbes by phagocytosis (Moll et al., 1993; Svensson et al., 1997) and 

extracellular fluid and solutes by macropinocytosis (Sallusto et al., 1995). They also 

express C-type lectin receptors such as macrophage mannose receptor (Sallusto et al.,

1995), DEC-205 (Jiang et al., 1995) and Fey and FcE receptors (Sallusto et al., 1994), 

that mediate adsorptive endocytosis. Both macropinocytosis and receptor-mediated 

endocytosis results in very efficient antigen presentation requiring only picomolar and 

nanomolar concentrations of antigens compared with the micromolar levels typically 

needed by other APC.

Exogenous antigens enter the endocytic pathway of the cell. Immature DC possess 

numerous specialised MHC class II rich compartments (MIIC) which enable them to 

produce large amounts of MHC class II-peptide complexes. During maturation of DC, 

MIIC convert to non-lysosomal vesicles that discharge their MHC-peptide complexes 

to the surface (Pierre et al., 1997; Celia et al., 1997) where they are presented to CD4+ 

T helper cells. Endogenous antigens such as viral proteins are degraded into peptides 

by the cytosolic proteasome and translocated to the endoplasmic reticulum where they 

bind to MHC class I molecules. The MHC class I-peptide complexes travel to the cell 

surface where they are presented to CD8+ T-cells. DC also appear to be able to 

present exogenous peptides from non-replicating microbes (Bender et al., 1995) and 

dying infected cells (Albert et al., 1998) in the context of MHC class I by a process 

known as cross priming (Figure 1.1). As mentioned earlier, recent evidence has 

indicated that class II mediated T helper response via CD40 signalling modulates 

APC including DC to prime CTL precursors (Toes et al., 1998).

Once DC have been activated by antigen they begin to mature and migrate from 

peripheral tissues to the lymphoid tissues such as the spleen and lymph nodes, where 

they complete their maturation. Maturation of DC is crucial for the initiation of 

immunity and can be influenced by a number of factors such as microbial and 

inflammatory products. Whole bacteria (Winzler et al., 1997), the microbial cell wall 

component lipopolysaccharide (LPS) (Sallusto et al., 1995) and cytokines including 

IL-1, GM-CSF and TNF-a all stimulate DC maturation. Mature DC express high 

levels of nuclear factor (NF)-kp family of transcriptional control proteins which
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regulate the expression of many genes encoding immune and inflammatory proteins 

(Granelli-Pipemo et al., 1995). Activation of NF-kp is caused by signalling through 

the TNF-receptor family e.g. TNF-R, CD40 and TRANCE/RANK. Therefore, an 

antigen may have to engage these signal transduction pathways in order to activate 

DCs (Banchereau & Steinman, 1998). IL-10, however, has an opposite effect on DC 

by preventing maturation. It inhibits differentiation of DC from circulating precursors, 

downregulates expression of co-stimulatory molecules and blocks IL-12 production 

and converts DC from an immunogenic to a tolerogenic role (Girolomoni & 

Ricciardi-Castagnoli, 1997).

Mature DC display many fine dendrites or veils that provide a large surface area for 

the simultaneous interaction with multiple lymphocytes (Steinman R.M., 1991; 

Steinman et al., 1973). These dendrites bend, retract and re-extend from the cell body 

in a non-polarized fashion allowing for motility. Mature DC can readily prime T-cells. 

Only a few DC are necessary to provoke a strong T-cell response in vitro or in vivo. In 

vitro a single DC is capable of maximally stimulating 100-30000 T cells. Mature DC 

derive their stimulatory capacity from the rich expression of MHC, costimulatory and 

adhesion molecules on their cell surface and from their secretion of IL-12. MHC- 

peptide complexes are 10-100 times higher on DC than on other APC such as B-cells 

and monocytes. DC also express many accessory co-stimulatory molecules that 

interact with receptors on T cells (Caux et al., 1994a; Inaba et al., 1994) to enhance 

adhesion and signalling. These include CD58 (LFA-3), CD54 (ICAM-1), CD50 

(ICAM-3), CD80 (B7-1) and CD86 (B7-2) (Young et al., 1992; Inaba et al., 1994; 

Caux et al., 1994b). Mature DC are able to resist the suppressive effects of IL-10 and 

also synthesise high levels of IL-12 (Celia et al., 1996; Koch et al., 1996; Reis e 

Sousa et al., 1997) that enhance both natural killer cells, B and T-cells. All these 

properties are upregulated within a day of exposure to many stresses and dangers, 

including microbial products (Banchereau & Steinman 1998). In vivo, immunity 

develops in lymphoid organs, where DC-T-cell interactions can be seen for all major 

classes of T-cell ligands (Ingulli et al., 1997; Luther et al., 1997; Kudo et al., 1997).

In summary, immature DC, which are located in most tissues, capture and process 

antigens and display large amounts of MHC-peptide complexes at their surface. Upon
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activation by antigen deposition and inflammation, they begin to mature resulting in 

the upregulation of their co-stimulatory molecules and loss of their antigen-capture 

capacity. They migrate to lymphoid tissues where they liase with a pool of naive or 

quiescent T cells and complete their maturation. Mature DC activate antigen-specific 

T cells which can lead to an effective long-lasting immune response. DC play a 

crucial role in the immune system and many studies are currently involved in the 

examination of DC-based vaccines in the generation and regulation of tumour 

immunity.

1.8 Dendritic cell-based vaccines

Several approaches to investigate DC-based tumour vaccines have been tested in 

animal models, including dendritic cells loaded in vitro with minimal MHC class I 

restricted peptides (Zitvogel et al., 1996; Mayordomo et al., 1995) or protein (Hsu et 

al., 1996; Paglia et al., 1996) and DC fused with whole tumour cells (Gong et al., 

1997; Celluzzi & Falo, 1998). Other approaches have explored ex vivo transduction of 

DC using either RNA (Boczkowski et al., 1996) or replication-defective recombinant 

viral vectors (Specht et al., 1997; Song et al., 1997) to introduce genes encoding 

tumour antigen. Most of these studies have demonstrated rejection of significant 

tumour burdens.

In vitro studies using human systems have examined DC transfected with DNA and 

RNA-encoded tumour antigens. Alijagic et al. (1995) transfected DC generated from 

peripheral blood of normal donors with DNA encoding the melanoma antigen 

tyrosinase using a liposome-based transfection technique. DC transfected with the 

tyrosinase gene were able to induce specific T-cell activation in vitro, indicating 

appropriate peptide processing and representation in DC after transfection. Nair et al. 

(1998) transfected DC, generated from peripheral blood mononuclear cells of normal 

donors or cancer patients, with CEA mRNA using a liposome based transfection 

technique. These DC were able to stimulate a potent CD8+ CTL response in vitro. 

Similar results were observed when DC were effectively sensitised with RNA in the 

absence of liposome based transfection reagents.
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DC are beginning to enter the clinical setting. In a recent clinical study, DC were 

generated in the presence of GM-CSF and IL-4 from 16 melanoma patients and were 

pulsed with tumour lysate or a cocktail of melanoma peptides known to be recognised 

by CTL, depending on the HLA haplotype of the patient. Keyhole limpet 

haemocyanin (KLH) was added as a CD4+ helper antigen and an immunological 

tracer molecule. All 16 patients with advanced melanoma were immunized and all 

vaccinations were well tolerated with no physical signs of autoimmunity. DC 

vaccination induced DTH reactivity toward KLH in all patients, as well as a positive 

DTH reaction to peptide-pulsed DC in 11 patients. Recruitment of peptide-specific 

CTL to the DTH challenge site was also demonstrated indicating that antigen-specific 

CTL were induced during DC vaccination. Objective responses were evident in 5 out 

of 16 patients (2 complete responses, 3 partial responses) with regression of 

metastases in various organs and one additional minor response. These data indicate 

that vaccination with autologous DC generated from blood is a safe and promising 

approach in cancer immunotherapy (Nestle et al., 1998).

In another clinical trial, autologous DC were pulsed ex vivo with tumour-specific 

idiotype protein to stimulate host antitumour immunity when infused as a vaccine. 

Four patients with follicular B-cell lymphoma received a series of 3 or 4 infusions of 

antigen-pulsed DC followed, in each instance, by subcutaneous injections of soluble 

antigen 2 weeks later. All four patients developed a measurable antitumour cellular 

immune response and one patient experienced tumour regression while another had 

partial tumour regression. These antigen-pulsed DC, which can be safely infused 

repeatedly with no significant toxicity, have the ability to stimulate clinically relevant 

immune responses in humans (Hsu et al., 1996).

A complicating factor in the development of effective DC tumour vaccines is that DC 

obtained from cancer patients may not express costimulatory molecules and become 

ineffective APC. This is probably due to the lack of danger signals (inflammatory 

cytokines) produced by the tumour cells during the cross-priming mechanism 

resulting in the inactivation of DC. There is evidence that DC isolated from tumour 

bearing mice were found to be defective with poor stimulatory capacity and impaired 

function. Also tumour infiltrating DC isolated from a rat colon carcinoma were found
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to lack significant expression of costimulatory molecules even after in vitro culture 

with GM-CSF, IL-4 or CD40L (Caux et al., 1997). A recent report showed that DC 

freshly isolated from cancer patients were found to have weak expression of 

costimulatory molecules and functioned poorly in T cell stimulation assays. In 

contrast, DC generated ex vivo from progenitor populations derived from cancer 

patients demonstrated normal phenotype and function (Tarte et al., 1997; Siena et al.,

1995). Therefore, it appears favourable to use DC generated ex-vivo from either 

peripheral blood or bone marrow stem cells in tumour vaccinations.

The key to all DC-based approaches is the induction of MHC presentation of peptides 

derived from the antigenic protein. Such presentation to CD4+ and CD8+ precursors is 

required for the generation of antigenic-specific T cells. Pulsing DCs with peptides 

may not be suitable for clinical application because of the MHC restriction of the 

immune response. The antigenic peptide sequence would have to be defined and the 

haplotype of the patient determined to ensure that the appropriate peptides would be 

presented on the patients MHC molecules. Also the use of unfractionated tumour- 

derived protein may not be suitable because tumour fragments of sufficient dimension 

are often not available and because of the possibility of inducing autoimmune 

responses against self antigens (Girolomoni & Riccardi-Castagnoli, 1997).

An alternative approach is to use nucleic acids (DNA or RNA) delivery to induce 

expression of antigenic protein and the subsequent MHC presentation of derived 

proteins. DNA/RNA encodes multiple epitopes for many MHC alleles. Hence 

RNA/DNA transfected DC can be used to stimulate T cell responses in many patients 

without prior knowledge of, or need to determine, the haplotype of the patient (Nair et 

al., 1998),

Many groups have examined the use of DC-based vaccines, which demonstrate the 

exceptional ability of DC to stimulate T-cell responses both in vitro and in vivo. 

However, very few studies have manipulated DC to express breast tumour antigens 

which result in the enhancement of a CD4+ T-cell response. Therefore, an attractive 

approach may involve the generation of DC ex-vivo from peripheral blood or bone 

marrow stem cells, followed by their transfection with RNA or DNA encoding a
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breast tumour antigen, engineered to traffic to the MHC class II pathway. Due to the 

additional expression of the crucial secondary signals, this may result in the 

enhancement of a CD4+ T-cell response, thus reversing tumour induced anergy.

1.9 MHC Class I and II pathways

In order to design a DC-based tumour vaccine which will enhance the CD4+ T helper 

response it is vital that the tumour antigen of interest has access to the MHC class II 

pathway. To achieve this, it is important to note the differences between the MHC 

class I and II antigen-processing pathways and design an appropriate strategy.

1.9.1 MHC Class I  pathway

MHC class I molecules are expressed on the surface of virtually all nucleated cells 

and consist of a transmembrane glycoprotein or class I heavy chain, a small soluble 

protein known as P2M and a short peptide usually 8-10 amino acids in length (Pamer 

& Cresswell, 1998). Many class I-peptide complexes have been crystallised and their 

3-dimensional structures determined (Jones, 1997). The peptide binding site consists 

of two antiparallel a-helices overlaying a platform of antiparallel P-strands. In this 

binding groove the N- and C-termini of the peptide interacts with invariant residues, 

while a subset of the peptides amino side chains interacts with pockets lined with 

polymorphic amino acids which provides specificity. This produces a very stable high 

affinity interaction. The TCR recognises the complex by binding to the surface 

formed by exposed residues of the bound peptide and accessible elements of the 2 a- 

helices.

Peptides associated with MHC class I molecules are generally derived from cytosolic 

or nuclear proteins (Jardetzky et al., 1991). These endogenous proteins are degraded 

by large ATP-dependent proteasomes in the cytoplasm. Rock, Goldberg and 

colleagues have demonstrated, using peptide aldehyde inhibitors, that proteasomes 

mediated the majority of endogenous cytoplasmic protein degradation (Rock et al., 

1994). Recent studies, utilising the more specific proteasome inhibitor, lactcystin 

(Fenteany et al., 1995), have confirmed their important role in the generation of MHC
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class I-associated peptides. The 20S proteasome is a multicatalytic protease with an 

approximate molecular weight of 700kDa, comprising 28 subunits. These subunits 

can be classified into a- and P- types and are arranged into 4 hetameric rings which 

are stacked to enclose three large cavities. The rings of p subunits contain the 

proteolytically active sites with only three of the seven p subunits possessing activity. 

This barrel-shaped complex represents the active proteolytic core of larger 

assemblages, the 26S proteasome and the PA28(11 S)-proteasome complex. Interferon 

(IFN)-y induces a major structural reorganisation of the 20S proteasome. Co- 

ordinative replacment of the 3 active subunits by B2i (MECL1), B li (LMP2) and B5i 

(LMP7) results in the formation of ‘immunoproteasomes’ (reviewed in Tanaka & 

Kasahara, 1998). Studies have concluded that the formation of immunoproteasomes 

may alter the substrate specificity in such a way that the peptide repertoire is 

expanded. In addition, LFN-y induces the formation of the PA28 activator complex, 

which replaces the normal 19S (PA700) cap component of the 26S proteasome 

responsible for ATP-dependent degradation of mostly ubiquitin-conjugated proteins. 

Recent progress shows that PA28 promotes processing of endogenous antigens 

(Groettrup et al., 1996; Dick et al., 1996).

It is still unknown how peptides released from proteasomes reach TAP in the ER 

membrane. Srivastava et al. (1994) proposed that heat shock proteins (HSP) may 

generally serve to carry antigenic peptides to the peptide transporter. Preliminary 

evidence exists that the blockade of cytoplasmic HSP reduces the amounts of class I 

binding peptides (Nadeau et al., 1994).

Peptide transporters, which are MHC encoded noncovalent heterodimers, belong to 

the superfamily of ATP-binding cassette transporters. They are made up of 

structurally homologous subunits TAP-1 and TAP-2 which both possess an N- 

terminal hydrophobic region with multiple predicted transmembrane domains and a 

cytosolic C-terminal ATP-binding domain (reviewed in Heemels et al., 1995; Lehner 

et al., 1996; Howard, 1995). Numerous in vitro studies have demonstrated the ability 

of TAP to translocate peptides across the ER membrane which is an ATP-dependent 

process (Shepherd et al., 1993; Androlewicz et al., 1993; Neefjes et al., 1993). Recent 

studies using photoaffinity labelling with peptides have established that the binding
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site is comprised of regions of TAP-1 and TAP-2 at the C-terminal end of the 

hydrophobic segment, adjacent to the cytosolic hydrophilic domain (Androlewicz et 

al., 1994; Nijenhuis et al., 1996). The binding of peptides to TAP is ATP-independent 

(van Endert et al., 1994). TAP molecules preferentially transport peptides of 8-12 

amino acids (Androlewicz & Cresswell, 1994; Koopman et al., 1996). Peptide 

binding to TAP appears to be less stringent than binding of peptide to MHC class I 

molecules which suggests that the specificity should be more promiscuous in order to 

supply many allelic class I variants with peptides.

Many chaperones have been proposed to be involved in MHC class I peptide 

assembly in the ER (reviewed in Pamer & Cresswell, 1998; Cresswell et al., 1999). 

The ER chaperone, BiP (immunoglobulin binding protein), which is believed to 

interact with proteins during their translation and insertion to enable their 

unidirectional movement through the ER membrane, has been shown to bind to free 

class I heavy chains (Noessner et al., 1995). The dominant chaperone, however, 

associated with newly synthesised class I heavy chains is calnexin (p88) (Jackson et 

al., 1994; David et al., 1993; Ortmann et al., 1994; Vassilakos et al., 1996). Calnexin, 

which is an ER-retained transmembrane protein, facilitates folding and disulfide 

bridge formation of the nascent heavy chains and promotes assembly of heavy chains 

with P2M (Vassilakos et al., 1996). Cresswell and colleagues (Sadasivan et al., 1996) 

provided evidence that the soluble ER protein, calreticulin, replaces calnexin as 

chaperone for heavy chain-P2M heterodimers and remains associated during the 

transient interaction of class I molecules with TAP. In addition, the soluble ER 

protein, the thiol oxidoreductase, Erp57 interacts with this multisubunit complex. 

Recent evidence suggests that disulfide bond formation is initiated when class I heavy 

chains are associated with calnexin and completed after P2M binding and calreticulin 

association, with Erp57 being the thiol oxidoreductase facilitating their formation 

(Lindquist et al., 1998). Tapasin, which is a proline-rich, type 1 transmembrane 

glycoprotein of 428 amino acids with a single N-linked glycan (Ortmann et al., 1997) 

appears to form a bridge between heavy chains and TAP and can independently bind 

to either TAP or the heavy chain-p2M-calreticulin complex (Sadasivan et al., 1996). 

Tapasin may also serve to coordinate peptide translocation as well as MHC class I- 

TAP association. Peptide translocation by TAP eventually results in the formation of
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a class I-peptide complex, which dissociates from tapasin, calreticulin and Erp57. 

Assembly of MHC I class molecules and peptide to a heterotrimeric complex is 

essential for efficient release from the ER (Ploegh et al., 1981). After release from 

ER, this complex is transported through the Golgi apparatus and trans-Golgi network 

(TGN) to the plasma membrane. For a schematic representation of the MHC class I 

pathway refer to Figure 1.3.

1.10.2 Class I  MHC presentation o f exogenous antigens In Vivo

Classically, CTL recognise antigens that are localised in the cytoplasm of target cells, 

processed and presented as peptide complexes with MHC class I molecules (Heemels 

& Ploegh, 1995). MHC class I molecules are not generally loaded with peptides 

following processing of exogenous antigens (Townsend & Bodmer, 1989; Morrison et 

al., 1986.). Numerous studies, however, have provided evidence for an exogenous 

pathway whereby antigens that are not expected to gain access to the cytoplasm are 

presented on MHC class I molecules (reviewed in Pamer & Cresswell, 1998; 

Reimann & Schirmbeck, 1999). This phenomenon is termed cross priming (Figure 

1.1). These endocytic pathways are particularly prominent in macrophages and DC, 

the cells most likely to mediate this unusual mode of loading of class I MHC in vivo 

(Bevan, 1987). Recent studies have shown that APC can acquire antigens from 

tumours (Huang et al., 1994), transplants (Bevan, 1977) and apoptotic tissues (Albert 

et al., 1998) by phagocytosis for stimulation or tolerisation of MHC class I restricted 

CTL.

Recent evidence points to a heterogeneity of processing pathways for exogenous 

antigens that generate MHC class I binding peptides. These alternative pathways are 

outlined below (reviewed in Riemann & Schirmbeck, 1999). Endosomal/lysosomal 

processing of inactivated viruses and virus-like particles result in either their 

presentation by recycling MHC class I molecules or delivery to the conventional 

endogenous pathway. Phagocytosed material can be processed by three alternative 

routes. Firstly, whole microorganism, proteins or peptides can be delivered to the 

cytosol where they enter the endogenous processing pathway. Secondly, processing in 

phagosomes may yield peptides that bind to MHC class I molecules recycling through 

phagolysosomes. However, there is little evidence supporting this. Thirdly, partially
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degraded material can be regurgitated and bind to cell surface-associated MHC class I 

molecules. A direct vesicular route from the cell surface to the ER lumen allows the 

retrograde transport of peptides or proteins delivering them to the site of peptide 

loading of nascent MHC class I molecules. Exogenous antigens can also access the 

endogenous pathway facilitated by stress proteins, adjuvants, toxins, membrane- 

penetrating microorganisms and intrinsic membrane-translocating properties of 

antigens. Finally, processing of exogenous antigens at the cell surface may yield 

MHC class I binding peptides, but there are very few data that support this pathway.

The alternative processing of exogenous antigens for MHC class I restricted peptide 

presentation may allow additional repertoires of peptides to become visible to CTL 

precursors and thus increase the presentation of pathogens to the CTL system. 

Furthermore, pathogen-induced blocking mechanisms of processing or MHC class I 

display may be circumvented by operating more than one pathway (Reimann & 

Schirmbeck, 1999).

1.9.3 MHC Class IIpathway

In contrast to MHC class I molecules, the constitutive expression of class II molecules 

is restricted to specialised APC such as macrophages, DC and B-cells (Daar et al., 

1984). Expression of class II molecules, however, may be induced in a variety of 

other cells which are normally class II negative by IFN-y (Pober et al., 1983). The 

MHC class II heterodimer consists of two type I transmembrane glycoproteins, an a- 

chain of 35kDa and a p-chain of 27kDa molecular weight. The highly polymorphic 

a l  and pi domains of the subunits form the peptide binding site which is situated in 

the N terminal lumen region. After maturation the binding site is displayed at the 

plasma membrane (Cresswell et al., 1987). X-ray crystallography studies of HLA- 

DR1 showed that the MHC class II peptide binding groove is similar to that of class I 

molecules, with the exception that it is more open at both ends allowing the bound 

peptide to protrude out of the groove (Stem et al. 1994). Class II binding peptides are 

bound in an extended and non-helical confirmation (Brown et al., 1993). Interactions 

between the polymorphic amino acids of the MHC molecule that form binding 

pockets in the binding groove, and side-chains of the anchor-residues in the peptide
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Antigen

Endocytic pathway

Peptide

MIIC

Cathespins

ap-peptide

Proteasome

Endoplasmic 
y  Reticulum

MHC class I MHC class Il-Ii

Figure 1.3. Intracellular pathways of MHC class I and MHC class II molecules. MHC class I 

molecules acquire antigenic peptides, generated by the proteasome, from the cytosol that are 

translocated into the ER by TAP molecules. MHC class I-peptide complex is transported through the 

Golgi complex directly to the cell surface for presentation to CD8+ T-cells. In contrast, the class Il/Ii 

complex, which is assembled in the ER, is targeted at the TGN network to MIIC by virtue o f targeting 

signals that reside in the Ii cytoplasmic tail. There, the Ii is progressively degraded, at least partially 

through the action o f cathespins, leaving the CLIP peptide associated with the MHC class II peptide 

binding groove. CLIP can then be exchanged for antigenic peptides, and this exchange is catalysed by 

DM molecules. Peptide loaded MHC class II complexes are then transported to the plasma membrane 

for presentation to CD4+ T-cells. Modified from Pieters, 1997.
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determine the specificity. Peptides recognised by class II-restricted T cells are usually 

10-17 amino acids long (Chicz et al. 1993) and are generally derived from exogenous 

antigens which have been degraded in the endocytic pathway (Yewdell & Bennink, 

1990).

After transcription, MHC class II molecules are cotranslationally inserted into the ER 

where they are assembled. There are reports that MHC class II molecules are retained 

by the ER resident proteins, calnexin, BiP and GRP94, until they are properly folded. 

These proteins have promiscuous protein-binding activity and facilitate protein 

folding. The major chaperone protein that associates with MHC class II molecules in 

the ER is the invariant chain (Ii). There is evidence that it affects MHC class II 

conformation (Melnick & Argon, 1995; Peterson & Miller, 1990), assembly (Bikoff et 

al., 1995;) and transport (Humbert et al., 1993), inhibiting premature peptide binding 

(Teyton et al., 1990) but promoting high affinity peptide binding (Sherman et al., 

1995; Sloan et al., 1995) and affecting antigen presentation (Bodmer et al., 1994). Ii 

is a non-polymorphic transmembrane type II transmembrane glycoprotein (Koch et 

al., 1987; Mcknight et al., 1989). In human cells, four different isoforms are usually 

coexpressed which are IiP33, IiP41, IiP35 and IiP43. These arise as a result of 

alternative translation sites and alternative splicing (Strubin et al., 1986). Trimers of Ii 

assemble with class II heterodimers to form a nonameric complex consisting of 3 

class II heterodimers with one Ii trimer (Roche et al., 1991; Cresswell, 1996). From 

biochemical and structural studies a domain has been located within the carboxy- 

terminal part of Ii responsible for trimerisation (Cresswell, 1996; 1995; Jasanoff et al., 

1995; Park et al., 1995). Transmembrane segments of Ii might also contribute to 

stable trimer formation (Amigorena et al., 1995). CLIP (class Il-associated invariant 

chain peptides) a region of the invariant chain (amino acid residues 81-104 ) which 

occupies the peptide binding groove, is thought to mediate the interaction of Ii with 

MHC molecules and prevent the binding of peptides in the ER (Amigorena et al., 

1995; Freisewinkel et al., 1993; Riberdy et al., 1992). Shutze et al. (1994) identified 

an ER retention signal in Ii which is thought to be concealed during the association 

with MHC class. This results in the release of the nonameric complex from the ER 

and the subsequent transport along the secretory pathway to the trans-Golgi network. 

Due to the presence of di-leucine-based targeting signals in the Ii cytoplasmic tail, the
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nonameric complexes are diverted from the secretory pathway and targeted to 

endocytic compartments (Lotteau et al., 1990; Pieters et al., 1993).

There has been much debate over the identification of the endocytic compartments 

where peptide loading of class II molecules occurs. Since 1990, many studies using 

immunofluorescence, electron microscopy and subcellular fractionation techniques 

have denoted various compartments such as early endosomes (EE) (Guagliardi et al., 

1990), late endosomes (LE) (Humbert et al., 1993b; Femandez-Boija et al., 1996), 

“sac-like” vacuoles (Harding et al., 1991), phagosomes (Harding & Geuze, 1992), 

lysosomes (Kleijmeer et al., 1994; Lutz et al., 1997; Femandez-Boija et al., 1996), as 

the site where class II molecules accumulate. Data also supports the existence of 

specialized peptide-loading compartments in APC, called MIIC and class II vesicles 

(CIIV) (Neefjes, 1999).

MIIC consist of vesicles of 200-300nm in diameter which show morphological 

heterogeneity that varies from multivesicular, multilamallar or tubulovesicular, 

depending on the cell type (Peters et al., 1991; Harding & Geuze, 1992). Subsequent 

immunoelectron-microscopic studies have confirmed the presence of MIIC in human 

B cells (Peters et al., 1995; West et al., 1994), macrophages (Harding & Geuze, 

1992), and DC (Kleijmeer et al., 1995; Nijman et al., 1995). MIIC contain the 

lysosomal enzyme, p-hexosaminidase, the lysosomal-associated membrane proteins 

lamp-1 and CD63, cathespin D (Harding & Gauze 1993; Peters et al., 1995), acidic 

peptidase activity (Femandez-Boija et al., 1996) and HLA-DM (DM) (Karlsson et al., 

1994; Nijman et al., 1995; Sanderson et al., 1994). They lack endosomal markers 

such as mannose-6-phosphate receptor (LE) and the transferrin receptor (EE). CIIV 

consist of vesicles, 300-500nm in diameter, with membrane infoldings or internal 

vesicles (Amigorena et al., 1994 & 1995). CIIV lack lysosomal markers present in 

MIIC and contain markers of EE. Mellman et al. (1995) and Peters et al. (1995) 

proposed that CIIV represent early MIIC that have multivesicular structures 

containing relatively low amounts of MHC class II molecules and Ii. In contrast, 

mature multilamellar MIIC are Ii negative and are enriched in MHC class II 

molecules. Recently, Neefjes et al. (1999) proposed that MIIC represent a collection 

of late endocytic compartments such as late endosomal/early lysosomal structures
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which contain DM and proteases, thus providing the optimal environment for efficient 

peptide loading of MHC class II molecules.

The mode of internalisation of the antigen and the subsequent proteolysis to generate 

epitopes will also determine the site of MHC class II loading of antigenic peptides. 

APCs such as DC can internalise antigens in various ways including receptor- 

mediated uptake (Sallusto et al., 1995; Jiang et al., 1995) and macropinocytosis 

(Sallusto et al., 1995; Berthiaume et al., 1995). There are three possible mechanisms 

to generate peptides. Proteins may be degraded by endosomal/lysosomal proteases 

and the resulting peptides transported into MIIC, possibly with the assistance of a 

chaperone molecule (Pierce, 1994). Antigens may be internalised in MIIC directly 

and degraded there. Lastly, antigens may access the MIIC, bind to class II molecules, 

followed by degradation by exopeptidases generating relatively large polypeptide 

fragments (Rammensee, 1995b).

After transport of class Il-Ii complex to MIICs, Ii is degraded to a nested set of 

peptides, CLIP, that occupy the binding groove (Avva & Cresswell, 1994; Ghosh et 

al., 1995). This degradation is most probably mediated by the cysteine proteases 

cathepsin S and or L (Bevec et al., 1996; Riese et al., 1996). For many class II alleles, 

efficient exchange of CLIP for antigenic peptide requires DM. DM is expressed in 

cells that also express MHC class II and Ii and consists of two type I transmembrane 

glycoproteins, 33-35kDa a  and 30-31 kDa p chain, that are homologous to both MHC 

class I and class II molecules (Kelly et al., 1991). Its crystal structure resembles that 

of other MHC molecules but the groove is more shallow and unable to fit peptides 

(Mosyak et al., 1998; Fremont et al., 1998). In vitro, DM acts in a catalytic manner to 

accelerate release of CLIP (Sloan et al., 1995; Denzin & Robbins, 1994, Denzin & 

Cresswell, 1995; Sherman et al., 1995) and other peptides lacking optimal anchor 

residues (Weber et al., 1996; Kropshofer et al., 1996). Thus in vivo, DM probably 

favours classll/peptide complexes that will be long-lived at the cell surface. It is also 

suggested that DM is able to stabilise the class II molecules when they are devoid of 

peptide (Vogt et al., 1996; Kropshofer et al., 1997) and prone to aggregation 

(Germain & Hendrix, 1991). Thus, DM could be considered a lysosomal chaperone. 

DM has been localised in human B lymphoblastoid cells and DC, to the MIIC by
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immunoelectron microscopy (Nijman et al., 1995; Sanderson et al., 1994). However, 

it does not appear to associate stoichiometrically with Ii (Denzin et al., 1994) 

implying that it possesses a targeting signal of its own. A tyrosine-based motif YTPL 

present in the cytoplasmic tail of DMP has been shown to direct DM to lysosomal 

compartments in Hela cells and reporter molecules to MIIC in B-lymphoblastoid cells 

(Marks et al., 1995; Lindstedt et al., 1995; Copier et al., 1996). Even though initial 

studies revealed that there was no association between DM and Ii, further 

investigations using different detergent systems demonstrated a weak association in 

the ER and endocytic pathway (Denzin et al., 1994). Recent studies by Copier et al. 

(1998) suggest that although this association is weak, Ii may influence the DM 

targeting to MIIC in B lymphoblastoid cells, implying that the intracellular trafficking 

pathways of DM and class II overlap substantially.

DM function seems to be further regulated by the action of HLA-DO (DO) (Liljedahl 

et al., 1996; Denzin et al., 1997; Jensen, 1998) which also shows homology to MHC 

class II molecules. DO is expressed in only a subset of APC and mainly in non

activated B cells (Karlsson & Peterson, 1992; Surh et al., 1992). DO is tightly 

associated with DM which is necessary for the egress of DO from the ER (Van Ham 

et al., 1997; Liljedahl et al., 1996). It has been shown to inhibit the action of DM in a 

pH-dependent manner (van Ham et al., 1997; Denzin et al., 1997) being most active 

in mildly acidic compartments. It is therefore capable of skewing peptide exchange 

onto class II molecules towards acidic and thus late endosomal compartments. 

Conversely, DO could allow loading of recycling class II molecules with peptides that 

would otherwise be removed by the action of DM (Pinet & Long, 1998). Thus, DO 

appears to be an important modulator of class Il-restricted antigen processing in a cell 

type-specific manner.

Until recently, little was known about the export of class II molecules loaded with 

peptides to the cell surface. Recent evidence suggests that transport from the 

perinuclear location does not involve formation of small buds from MIIC (Wubbolts 

et al., 1996) and appears to be microtubule dependent (reviewed in Wubbolts & 

Neefjes, 1999). Two possible explanations for the presence of peptide loaded, class II 

molecules at the cell surface and the absence of the other MIIC components such as
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classII/CLIP, lysosomal markers and DM have been proposed. The first possibility 

may involve the physical separation of the mature class II and other molecules that 

should be at the cell surface from those that are not found at the cell surface. This 

process probably requires a budding event from MIIC prior to fusion with the plasma 

membrane. The second possibility may involve the fusion of an entire MIIC with the 

plasma membrane which has been observed (Raposo et al., 1996; Wubbolts et al., 

1996). This would result in the deposition of both mature class II and other MIIC 

components on the cell surface followed by rapid internalisation of the surface 

molecules apart from MHC class II. There is evidence of the retrieval of MIIC 

components not normally found at the cell surface by clathrin-mediated processes 

(Liu et al., 1998; van Ham., et al., 1997; Wang et al., 1997). For a schematic 

representation of the MHC class II pathway refer to Figure 1.3.

1.9.4 Class II MHC presentation o f endogenous antigens

It is well established that the predominent pathway of antigen presentation by MHC 

class II molecules involves endocytosed proteins. Many groups, however, have 

reported examples of endogenous antigens presented by MHC class II molecules. 

These include experiments carried out by Long and colleagues which revealed that 

endogenous measles proteins accessed the class II pathway (Jacobson et al., 1989). 

Other groups have analysed the presentation of endogenous protein by class II 

molecules using hen egg lysozyme (HEL) as a model antigen (Humbert et al., 1993; 

Brooks & McCluskey, 1993; Moreno et al., 1991). Further studies have provided 

evidence that the TAP complex of the MHC class I pathway may have an influence 

on the peptide loading of class II molecules (Malnati et al. 1993; Carmichael et al.,

1996).

There are three mechanisms by which endogenous peptides could bind to class II 

molecules other than by reaching the cell surface and being endocytosed. The first 

may involve class II molecules becoming occupied with peptides in the ER which 

have been referred to as class II molecules “hijacking” the class I pathway (Lechler et 

al. 1996). Evidence supporting this is provided by Bijlmakers et al. (1994). They 

generated microsomes in vitro which mimicked physiobiochemical properties found 

in the ER, and observed the peptide binding of MHC class II molecules. Additional
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evidence was provided by the experiments of Malnati et a l (1993) with the 

expression of the influenza nucleoprotein (NP) minigene in B-cell lines with and 

without TAP expression. The inhibition of NP peptide presentation with DR1 in the 

TAP-deficient line suggests that ER loading was responsible for the presentation of 

NP with DR1 in cells with TAP expression. In addition, Urban and colleagues 

transfected mouse B-cell hybridomas with genetic constructs encoding short 

polypeptides comprising T-cell-recognised sequences attached to the DRa signal 

peptide, to transport the peptides into the ER. This led to successful presentation of 

several different peptides with cell surface class II molecules (see Lechler et al.,

1996).

The second possibility is that cytosolic proteins enter MIIC by a process such as 

microautophagy or as a result of transport by cytosolic heat shock proteins. 

Microautophagy encompasses the internalisation of small portions of cytoplasm and 

limiting membrane by LE/MIIC. The integrity of the internal vesicles can be 

destroyed by proteolysis resulting in cytosolic and membrane derived peptides being 

bound to class II molecules (Liou et al., 1997). Alternatively, cytosolic proteins can 

be translocated across the MHC membrane. Chiang et al. (1989) suggested that a 

70kDa heat shock protein hsc73 was implicated in the translocation of cytosolic 

proteins into MIIC. Further evidence has shown that cytosolic proteins can be 

translocated across the MHC membrane by a receptor-mediated process requiring 

ATP and heat shock proteins (Cuervo et al., 1996)

The third possible mechanism, which has received much attention, involves the 

binding of partially unfolded proteins to nascent MHC class II molecules in the ER. 

The formation of complexes between class II molecules and proteins has been 

observed in Ii-negative cells by Anderson et al. (1993) and Busch et al. (1996). In 

addition, Lechler et al. (1996) carried out extensive studies which involved the 

expression of HLA-DR molecules in insect cells and a human fibroblast cell line with 

or without Ii and DM expression. The results revealed that MHC class II molecules 

are capable of binding to partially folded proteins early in the biosynthetic pathway in 

the absence of the Ii. Evidence also suggested that MHC class II-protein complexes 

can exit from the ER, traffic to the cell surface and then be endocytosed. Most
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importantly, data obtained using alloreactive T cells as probes of the array of MHC 

class II-bound peptides suggest that the absence of the Ii leads to the display of a 

distinct set of DR-bound peptides. Furthermore, the nature of the bound peptides is 

influenced by the DM molecule, even in the absence of the Ii. Taken together these 

results suggest that alteration of the ratio of MHC class II, Ii and DM molecules in 

APCs may result in the display of peptides to which the T-cell repertoire has not 

previously been exposed.

In conclusion, alternative pathways exist for the presentation of endogenously, 

cytosolically derived peptides by MHC class II molecules. The characterisation of 

naturally processed peptides eluted from class II molecules suggests that the 

presentation of endogenous proteins is a minority event and that class II molecules are 

primarily devoted to the presentation of endocytic peptides (Lechler et al., 1996).

1.9.5 Targeting endogenous antigens to the MHC Class IIprocessing pathway

To enhance the CD4+ T-cell response, it is essential that a vaccine strategy which 

utilises DC transfected with nucleic acids encoding tumour antigen, results in the 

presentation of MHC class II restricted peptides. Even though minor alternative 

pathways exist for MHC class II presentation of endogenous proteins, the 

endogenously synthesised tumour antigens would be preferentially channelled 

through the MHC class I processing pathway. Therefore, a strategy which would 

allow the majority of endogenous antigenic proteins to gain access to the MHC class 

II pathway would be advantageous.

Recent detailed insight into the molecular mechanisms of the MHC class II pathway 

has been applied to a variety of methods to optimise class II restricted antigen 

presentation for the development of vaccines that induce antigen specific CD4+ T- 

cells. A biochemical approach involves the modification of antigenic proteins to target 

them to receptors that mediate endocytosis on specialised APC (Colomb et al., 1996; 

Dempsey et al., 1996; Tan et al., 1997; Engering et al., 1997). Also 3 genetic 

approaches have been developed to target antigenic peptides to MHC class II 

molecules directly. This has been achieved by replacing the CLIP sequence in the Ii 

with a sequence encoding an antigenic peptide (van Bergen et al., 1997) and by the
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fusion of such sequences via a flexible linker to the N-terminus of the class II p-chain 

(Ignatowicz et al., 1995) or the C-terminus of Ii (Nakano et al., 1997).

Other strategies have been developed to target endogenous proteins to the MHC class 

II endocytic compartments by virtue of the signal motifs in MHC resident proteins 

such as Lamp-1, Ii and DM. Wu et al. (1995) utilised the sorting signal of the 

lysosomal-associated membrane protein (LAMP-1) to target a model antigen, human 

papillomavirus (HPV) type 16 E7 oncoprotein, into the endosomal and lysosomal 

compartments. Initially they placed a signal peptide at the N-terminus of the protein to 

mediate translocation of this cytoplasmic and nuclear protein into the lumen of the 

ER. The transmembrane domain and cytoplasmic tail of LAMP-1 were placed at the 

C-terminus of the E7 protein because these components are known to confer 

endosomal/lysosomal targeting (Guamieri et al., 1993). The LAMP-1 sorting signal 

directed the E7 protein into the MHC class II processing pathway, resulting in 

enhanced presentation to CD4+ T-cells in vitro. In vivo experiments in mice 

demonstrated that vaccinia containing the chimeric E7/LAMP-1 gene generated 

greater E7-specific lymphoproliferative activity, antibody titres and cytotoxic T- 

lymphocyte activities than vaccinia containing the wild-type HPV-16 E7 gene.

Sanderson et al. (1995) demonstrated that endogenously synthesized ovalbumin or 

HEL can be efficiently presented as peptide-MHC class II complexes when they are 

expressed as fusion proteins with Ii. Most efficient expression of MHC class II 

restricted endogenous peptides was obtained with fusion proteins that contained the 

endosomal di-leucine-based targeting signals within the N-terminal cytoplasmic Ii 

residues and did not require the lumenal residues of Ii that are known to bind MHC 

molecules.

Marks et a l (1995) identified a lysosomal targeting signal in the cytoplasmic tail of 

the P-chain that directs DM to MIICs. This signal was capable of directing the 

chimeric protein T-T-Mb in which the cytoplasmic tail of murine DMp was appended 

to the lumenal and transmembrane domains of the a-chain of the IL-2 receptor. 

Similarly to DM, T-T-Mb was localised by immunofluorescence and immunoelectron 

microscopy to a lysosomal compartment in HeLa and NRK cells where it was rapidly
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degraded by a process that was blocked by inhibitors of lysosomal proteolysis. 

Deletion of tyrosine-based motif, YTPL, from the DMp cytoplasmic tail, resulted in 

cell surface expression of T-T-Mb and a loss of both degradation and internalisation. 

T-T-Mb was localised by immunoelectron microscopy to the MIIC in a human B 

lymphoblastoid cell line. These results suggest that the signal motif, YTPL, in the 

cytoplasmic tail of the p chain of DM is sufficient for targeting to MIICs. Copier et al. 

(1996) also demonstrated that the signal motif YTPL was capable of targeting the 

CD8-DMP hybrid molecules to intracellular compartments situated late in the 

endocytic pathway.

Nair et al. (1998) have utilised the signal motif present in LAMP-1 to redirect the 

tumour antigen CEA into the class II presentation pathway. They created a chimeric 

CEA cDNA template by appending a leader sequence to the amino end of CEA and 

fusing a sequence encoding the lysosomal targeting signal of the human LAMP-1 

protein to the C-terminal of CEA (CEA-LAMP-1). RNA encoding CEA-LAMP-1 

was transfected into DCs and used to stimulate PBMC which resulted in the 

enhancement of the induction of CEA-specific CD4+ T-cells.

These studies highlight the possibilities of targeting endogenous tumour antigens to 

the MHC class II pathway. This may lead to the development of effective DC-based 

vaccines for breast cancer which induce antigen specific CD4+ T-cells. The study by 

Nair et al. (1998) is encouraging, but more studies are required to investigate T-helper 

cell responses to breast tumour antigens targeted to the MHC class II compartment.
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1.10 Aims of study

To design a DC-based vaccine strategy for breast cancer with a view to generating a 

CD4+ T-cell proliferation response to p53. Specifically, expression vectors encoding 

the chimeric protein, p53-DMp, will be assessed for their ability to direct endogenous 

p53 to the lysosomal compartment of transfected HeLa cells by virtue of the signal 

peptide motif, YTPL. Control constructs encoding p53, predicted to traffic to other 

cellular locations, will also be assessed. In addition, optimal transfection conditions 

for DC with RNA/DNA using non-viral methods will be established. Finally, DC will 

be transfected with various constructs encoding p53, predicted to traffic to different 

cellular compartments, followed by comparative analyses of autologous CD4+ T-cell 

proliferative responses to p53.
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2.1 Materials

2.1.1 Standard Reagents

General chemicals were purchased from either Sigma Chemical Company Ltd. 

(Poole, Dorset) or from Fisher Scientific U.K. (Loughborough, Leicestershire). All 

solutions required for RNA and DNA work were prepared from molecular biology 

grade reagents, guaranteed to be RNase/DNase free by the vendor.

2.1.2 Solutions

Solutions were prepared using double-distilled deionised water. The pH of solutions 

was measured using a Whatman PHA 230 pH meter (Fisher Scientific U.K.), and 

adjusted with either HC1 or NaOH, unless otherwise stated. They were sterilised by 

either filtration through a 0.22 micron filter or by being autoclaved for 20 minutes at
O 2

121 C and 25 Ib/in pressure. Solutions used in the preparation of RNA were treated 

overnight with 0.1% of the RNase inhibitor Diethyl Pyrocarbonate (DEPC) at 37°C, 

prior to autoclaving.

For composition of solutions refer to Appendix I.

2.1.3 Cell culture media

All media and additives were purchased from GIBCO BRL (Life Technologies Ltd, 

Paisley, Renfrewshire) with the exception of sodium pyruvate and P- 

mercaptoethanol (P2me) which were obtained from Sigma. Dulbecco’s Modified 

Eagle’s medium (DMEM) and Rosswell Park Memorial Institute (RPMI) 1640 

medium were supplemented with 10% foetal calf serum (FCS), 50mM HEPES, 

lOOunits/ml penicillin, lOOpg/ml streptomycin, 2mM L-glutamine, ImM sodium 

pyruvate and O.lmM P2me.
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2.1.4 Cytokines

n

Human recombinant IL-4 (4.1 x 10 umts/mg) was obtained initially from Genzyme 

Diagnostics (West Mailing, Kent) and subsequently from R&D Systems Europe Ltd 

(Abingdon, Oxfordshire) at 1 x 106 genzyme units/5 pg. Human recombinant GM-CSF
n

(5.19 x 10 /mg) was obtained initially from Genzyme Diagnostics (West Mailing, 

Kent) and subsequently from R&D Systems Europe Ltd (Abingdon, Oxfordshire) at 

1.685 x 105 genzyme units/5pg. TNF-a was obtained from Peprotech EC LTD 

(London). Cytokines were stored in aliquots at -80°C.

2.1.5 Antibodies

Unless otherwise stated all antibodies were stored at 4-8°C

Monoclonal antibodies used in flow cytometric analysis of cell surface markers are 

shown in Table 2.1. All mAb were directly conjugated to either fluorescein 

isothiocyanate (FITC) or phycoerythrin (PE). Irrelevant IgG isotype-matched controls 

were purchased from Dako Ltd (High Wycombe, Buckinghamshire).

For western blot analysis, the secondary antibody Rabbit Ig, horseradish peroxidase- 

linked whole antibody (from donkey) was purchased from Amersham LIFE 

SCIENCE (Buckinghamshire, UK).

The following antibodies were used in immunofluorescence procedures and stored in 

aliquots at -20°C:

Polyclonal rabbit anti human p53 (CM1) was obtained from Novocastra Laboratories. 

Monoclonal mouse anti human CD63 was obtained from Chemicon International INC 

Fluorolink Cy3 labelled goat anti mouse IgG (H+L) was obtained from Amersham 

LIFE SCIENCE

Anti-rabbit IgG FITC conjugate was obtained from Sigma.
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Table 2.1 List of the mAb used for flow cytometric analysis

Antigen Clone Murine subclass Source

CD la NA1/34-HLK IgG2a Serotec

CD 14 UCHM1 IgG2a Serotec

CD40 EA-5 IgGi Serotec

CD80 BB1 IgM Serotec

CD83 HB15e IgGi Pharminogen

CD86 BU63 IgGi Serotec

HLA-DR HK14 IgG2a Sigma

Serotec Ltd (Kidlington, Oxfordshire) 

Pharminogen International (Becton Dickinson Ltd. UK)
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2.1.6 Molecular biology enzymes and reagents

Enzymes and reagents were purchased from the following suppliers: Superscript II 

reverse transcriptase; Taq DNA polymerase, T4 DNA ligase; restriction enzymes, 

deoxynucleoside 5’-triphosphates dATP, dCTP, dGTP, dTTP (dNTPs), 01igo(dT)i218, 

1Kb and 123bp DNA ladder, ultra pure electrophoresis grade agarose (GIBCO-BRL); 

RQ1 RNase-ffee DNase and calf intestine alkaline phosphatase (CLAP) (Promega, 

Southampton, Hampshire); cloned pfu DNA polymerase (Stratagene Ltd, Cambridge); 

RNase inhibitor (Amersham International pic, Little Chalfont, Buckinghamshire); 

Nusieve low-melting temperature (LMP) agarose (Flowgen Instruments Ltd, 

Lichfield, Staffordshire); Oligonucleotides were synthesised by Oswel DNA service 

(University of Southampton, Hampshire) or Genosys.

2.1.7 Plasmids

Refer to Appendix II for vector maps.

PCR2.1

The TA-cloning vector pCR2.1 (Invitrogen, NV Leek, The Netherlands) was used for 

cloning PCR products. The vector is designed for cloning PCR products directly from 

a PCR reaction without the need for modifying enzymes, purification or restriction 

digestion. It contains the lacZa complementation fragment for blue-white colour 

screening, ampicillin and kanamycin resistance genes for selection and a versatile 

polylinker sequence.

pGreen Lantern-1

The plasmid pGreen Lantern-1 (GEBCO BRL) was used to optimise gene transfection 

in DC and HeLa cells. The plasmid contains the reporter gene Green Fluorescent 

Protein (GFP) from Aequorea Victoria jellyfish (Prasher et al., 1992; (^alfie et al., 

1994), which encodes a naturally fluorescent protein requiring no substrates for 

visualisation. The codon sequence is humanised for efficient translation in 

mammalian cells and mutated to contain threonine at position 65 to enhance
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fluorescence peaking at 510nm with a single excitation peak at 490nm blue light 

(Heim et al., 1995). The GFP cDNA was cloned as a Notl fragment and can be 

excised from the vector using Notl.

p CR3

The eukaryotic expression vector pCR3 (Invitrogen, NV Leek, The Netherlands) was 

used for gene transfection studies in HeLa cells and DC. pCR3 comprises enhancer- 

promoter sequences from the immediate early gene of human cytomegalovirus 

(CMV) for high-level gene transcription, a multiple cloning site (MCS), 

polyadenylation signal and transcription termination sequences from the bovine 

growth hormone gene to enhance RNA stability, a separate expression cassette 

conferring resistance to neomycin, and pBR322 vector sequences for replication and 

selection in Escherichia coli.

A 732 bp Notl fragment encoding the entire ORF for GFP was excised from pGreen 

Lantern and cloned in the sense orientation into the Notl site of pCR3. The resulting 

construct pCR3-GFP was used to optimise gene transfection in DC and HeLa cells 

and as a template for IVT of GFP .

pCITE-4b

The vector pCITE-4b, containing a cap-independent translation enhancer (CITE) 

sequence, (Novagen, AMS Biotechnology Ltd., Witney, Oxfordshire).was used to 

synthesise GFP transcripts for subsequent RNA transfection studies in HeLa cells. A 

732bp Notl fragment encoding the entire ORF for GFP was excised from pGreen 

Lantern and cloned in the sense orientation into the Notl site of pCITE-4b.

pSecTagA

The plasmid pSecTag A (Invitrogen, NV Leek, The Netherlands) is designed for high- 

level stable transient expression in mammalian hosts. Proteins expressed from 

pSecTag are fused at the N-terminus to the murine Ig-kappa chain leader sequence for 

protein secretion and at the C-terminus to a peptide containing the myc epitope and 

six tandem histidine residues for detection and purification. This vector was used to

43



Chapter Two

ensure proteins expressed were directed into the ER of transfected cells.

2.2 Molecular cloning

2.2.1 Isolation o f total RNA

RNA was isolated from cells using the TRIZOL Reagent (GIBCO BRL) according to 

the manufacturers protocol which is a modification of the method developed by 

Chomczynski and Sachi (1987). Cells were harvested and resuspended in 1ml of RNA 

extraction solution per 5 x 106 cells. The lysate was left at room temperature for 5 

minutes to ensure complete dissociation of nucleoproteins. Chloroform:isoamyl 

alcohol (24:1) was added (0.2ml per ml of extraction solution) and the phases mixed 

by shaking vigorously by hand for 15 seconds. The mixture was left at room 

temperature for 2-3 minutes and the phases separated by centrifuging at 12,000g for 

15 minutes at 4°C. The upper aqueous phase was transferred to a new micro fuge tube 

containing 500pl of isopropyl alcohol, mixed and allowed to precipitate for 10 

minutes at room temperature. RNA was collected by centrifugation at 12,000g for 10 

minutes at 4°C and washed with 70% ethanol. The RNA pellet was air dried briefly 

and dissolved in 50pl DEPC treated CIH2O

2.2.2 Spectrpphotometric quantification o f RNA and DNA

RNA and DNA were quantified by measuring their absorbance in an Ultraviolet 

(UV)-spectrophotometer (Perkin-Elmer Ltd., Beaconsfield, Buckinghamshire). RNA 

and DNA absorb in the UV range between 250nm and 270nm. At 260nm an optical 

density of one is equivalent to 40pg/ml of RNA, 50pg/ml of DNA and 33pg/ml of 

oligonucleotide. Pure RNA and DNA has an A260 / A280 ratio absorbance ratio of 

greater or equal to 2.0 (Sambrook et al., 1989).

2.2.3 RNA reverse transcription

One microgram of total RNA was reverse transcribed by incubation for 50 minutes at 

42°C with 200 units of Superscript II reverse transcriptase, 500ng/ml 01igo(dT)i2-i8,
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lmM each of dNTPs, lOmM DTT, 50mM Tris-HCl (pH 8.3), 75mM KC1, and 3mM 

MgCl2, in a total volume of 20pl. Negative control reactions were performed 

containing all components except the reverse transcriptase. Following reverse 

transcription the reaction was heat inactivated at 70°C or 15 minutes. 10% of the final 

reaction volume was used for enzymatic amplification by PCR.

2.2.4 Polymerase chain reaction

Amplification of DNA by PCR was performed essentially as described by Mullis et 

al. (1987). PCR primers were designed to overlap the initiating ATG codon and stop 

codon of the cDNA to be cloned, and to have a Tm of at least 68°C (> 22 nucleotides 

in length with a GC content of 45-55%). Amplification reactions were performed in a 

total volume of lOOpl in pfu DNA polymerase reaction buffer (lOmM KC1, lOmM 

(NH4)2S04, 20mM Tris-HCl (pH 8.8), 2mM M gS04, 0.1% Triton X-100, 0.1 mg/lml 

nuclease-free BSA), containing template, a high fidelity proofreading cloned pfu 

polymerase (2.5 units), 0.4|aM of each primer and dNTPs at 200pM. Reaction 

mixtures were overlaid with 50pl of mineral oil to prevent evaporation. Negative 

controls were included to control for contamination and primer artefacts within the 

amplification reaction. Reactions were carried out in a Perkin-Elmer Thermal cycler 

480 (Perkin-Elmer Ltd). Cycling parameters depended on the Tm of the primers and 

the nature of the template to be amplified and are indicated with the relevant results. 

PCR products were extracted with phenol:chloroform:isoamyl alcohol (25:24:1) and 

precipitated with 0.5 x volume 7.5M ammonium acetate and 2 x volume absolute
O

ethanol for 1-hour at -20 C.

2.2.5 Agarose gel electrophoresis

DNA was size fractionated on agarose gels between 1 and 2% w/v as appropriate to 

the size of the fragments being resolved. Nusieve LMP agarose was used for gel 

purification of PCR products and vector fragments and ultra pure electrophoresis 

grade agarose was used for size fractionation of DNA fragments. Agarose was heated 

in 1 x TAE buffer until dissolved, and cooled to approximately 50°C prior to the 

addition of 0.5pg/ml ethidium bromide. Ethidium bromide allows the observation of 

DNA fragments under ultra violet illumination. The gel was poured and allowed to set
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at room temperature. DNA samples were loaded in 1 x DNA loading buffer and 

electrophoresed at 50 mA in 1 x TAE buffer until the tracking dye had reached the 

end of the gel. The size of DNA fragments in base pairs was determined by 

comparison with either a 123-bp or a 1-Kb dsDNA ladder (GIBCO/BRL) see figure 

2.1. The 123-bp DNA ladder consists of a series of fragments ranging in length from 

123 to 4182-bp. The 1-Kb ladder contains from 1 to 12 repeats of a 1018-bp DNA 

fragment. In addition to these 12 bands, the ladder contains vector DNA fragments 

that range from 75 to 1636-bp. Gels were visualised by translumination with ultra 

violet light and photographed using a Polaroid MP-4 land camera and black and white 

film (iso 3000).
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IVT RNA was size fractionated on 1.5% agarose w/v gels. Prior to electrophoresis the 

apparatus was soaked in 3% H2O2 v/v overnight to remove traces of RNAses. Agarose 

was heated in 1 x TAE buffer until dissolved, and cooled to approximately 50°C prior 

to the addition of 0.5pg/ml ethidium bromide. The gel was poured and allowed to set 

at room temperature. RNA samples were prepared by adding 2pl IVT RNA to 18pl 1 

x RNA sample buffer (denaturing) followed by 2pi RNA loading buffer and heated 

for 5-10 minutes at 65-70°C prior to loading. The samples were electrophoresed at 50 

mA in 1 x MOPS buffer until the tracking dye had reached the end of the gel. The size 

of RNA fragments in base pairs was determined by comparison with the 0.28-6.66 Kb 

RNA ladder (Sigma) see Table 2.2 for fragment sizes.

Table 2.2. RNA Molecular Weight Marker

0.28-6.66 Kb 

RNA

6.583.... ..

4.981

3.638

2.604

1.908

1.383

0.955

0.623

0.281

2.2.6 Purification o f DNA fragments.

PCR products and vector fragments were purified from LMP agarose gel using the 

QIAquick gel extraction kit as recommended by the vendor (Qiagen Ltd., Teddington, 

Middlesex).
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2.2.7 TA-cloning o f PCR products

PCR products were cloned directly into the eukaryotic expression vector pCR2.1 by 

TA-cloning (Invitrogen). This approach takes advantage of the terminal transferase 

activity of non-proofreading polymerases, such as Taq DNA polymerase, which add a 

single 3’ deoxyadenosine (A)-overhang to each end of the PCR product. 1*012.1 is 

supplied linearised with single 5’ deoxythymidine (T)-overhangs to enable direct 

ligation of PCR products at high efficiency. In order to carry out TA-cloning, blunt- 

ended PCR products generated by pfu polymerase were treated with 2 units of non- 

proofreading Taq DNA polymerase in 1 x PCR buffer, containing 200 pM dATP, for 

20 minutes at 72°C.

PCR products were ligated to 60ng of linearised pCR2 (molar ratio of 3:1) (see 

section 2.2.8) and l-2pl used to transform One Shot competent cells (see section 

2.2.9)

2.2.8 Ligation o f DNA fragments with cohesive ends

DNA fragments were ligated to 60-100ng of linearised vector (molar ratio of 3:1) by 

incubation overnight at 15°C with 4 units of T4 DNA ligase in lOpl of lx ligation 

buffer (6mM Tris-HCl [pH 7.5], 6mM MgCl2, 5mM NaCl, 7mM P-mercaptoethanol 

O.lmg/ml BSA, O.lmM ATP, 2mM DTT, ImM spermidine). Ligation reactions were 

centrifuged briefly and used directly to transform competent bacteria or stored at -  

20°C.

2.2.9 Transformation o f competent cells

Ligation reactions were centrifuged briefly and l-2pl used to transform E.coli One 

Shot competent cells (TOPIOF’) according to the protocol provided with the TA- 

cloning kit (Invitrogen). After transformation, 50pl and 200pl aliquots of the cells 

were spread onto LB agar plates containing 50pg/ml of ampicillin. The plates were 

inverted and incubated overnight at 37°C. Individual colonies were picked and placed 

in LB broth containing 50pg/ml of ampicillin and shaken overnight at 37°C.
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Plasmid DNA for restriction analysis was isolated by the method of Serghini et al. 

(1989). Briefly, 1.5ml of an overnight culture was transferred to an eppendorf tube 

and the cells pelleted by a 1 minute centrifugation at 12,000g. The pellet was 

resuspended in a lOOpl of TNE and lOOpl of phenol:chloroform:isoamyl alcohol 

(25:24:1) added. The mixture was vigorously vortexed and centrifuged for 5 minutes 

at 12,000g to yield an almost clear supernatant. The upper aqueous phase was 

transferred to a new eppendorf tube and the plasmid DNA precipitated with 0.5 x 

volume 7.5M ammonium acetate and 2 x volume absolute ethanol for 10 minutes on 

ice. The precipitated DNA was collected by centrifugation for 10 minutes at 12,000g, 

washed with 75% ethanol, air dried and dissolved in 20pl TE.

2.2.11 Digestion o f DNA with restriction endonucleases

All restriction digests of DNA were carried out according to the instructions supplied 

by the vendor. Briefly, 1 unit of enzyme was required to digest lpg of DNA to 

completion in 1 hour in the recommended buffer at the recommended temperature in a 

10-20pl reaction. A double digest using two restriction enzymes with similar 

requirements was performed simultaneously. Alternatively, if the enzymes had 

different requirements a sequential digest was performed which involved incubation 

with the first enzyme in the appropriate conditions, followed by phenol extraction of 

the enzyme, ethanol precipitation of the DNA and incubation with the second enzyme.

In order to prevent cohesive ends of digested vector DNA annealing on themselves, 

the DNA was dephosphorylated with calf intestinal alkaline phosphatase (CLAP) 

according to the manufacturer’s instructions (Promega).

2.2.12 Orientation o f inserts

The orientation of inserts cloned into, pCR2, pCR3, pCITE-4a, and pSecTagA were 

analysed using restriction analysis (Sambrook et al., 1989). Plasmid DNA (2pl) 

containing 0.2-0.3pg of DNA prepared from the small scale procedure was incubated 

with the appropriate restriction enzyme according to the instructions recommended by
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the vendor. The quantity of DNA to be cleaved was adjusted accordingly. Heat- 

treated RNase A solution (lpl of 20pg/ml) was also added to the mixture to remove 

any contaminating RNA.

2.2.13 Sequence analysis

The sense and anti-sense strands of cloned cDNAs were sequenced using the ABI 

PRISM ™ dRhodamine terminator cycle sequencing ready reaction kit, marketed by 

Perkin-Elmer Ltd. High-quality double-stranded DNA was prepared by alkaline 

lysis/Qiagen® anion-exchange chromatography using P20 columns (Qiagen Ltd). 

500ng of plasmid DNA template was sequenced using the protocol supplied with the 

ABI PRISM ™ kit, employing the relevant primers which bind to complementary sites 

within the MCS flanking regions of pCR3, pSecTagA and pCITE-4b. Sample 

electrophoresis was performed by the MRC sequencing service (University of 

Leicester), excess dye terminators having been removed by ethanol precipitation. The 

resulting sequence data was analysed using Gene Jockey II (Biosoft, Cambridge) and 

Sequence Navigator software (Perkin-Elmer Ltd). Internal primers enabling full- 

length sequencing were designed as required.

2.2.14 Large-scale Endotoxin-free plasmid preparation

High-quality endotoxin-free plasmid DNA for gene transfection was prepared by 

alkaline lysis/Qiagen® anion-exchange chromatography (100ml maxi-prep yielding 

up to 500pg of DNA) as recommended by the supplier (Qiagen Ltd.). The “EndoFree 

Plasmid Procedure” filters the neutralized bacterial lysate through a QIAfilter 

cartridge and subsequent incubation on ice with the endotoxin removal buffer 

prevents lipopolysaccharide (LPS) molecules from binding to the resin in the 

QIAGEN-tips allowing purification of DNA containing less than 0.1 endotoxin units 

per pg plasmid DNA.

2.2.15 Storage o f bacterial stock cultures

Aliquots of bacterial culture (850pl) were mixed with sterile glycerol (150pl) in a 

sterile 1.5ml freezing vial (Sarstedt Ltd., Leicester) and snap-frozen in liquid nitrogen.
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For long-term storage the vials were transferred to a -80°C freezer.

2.2.16 Synthesis o f in vitro transcribed RNA

In vitro transcribed RNA was synthesised using the RiboMAX™ Large Scale RNA 

Production System-T7 as recommended by the supplier Promega. Briefly, template 

DNA was linearised with the appropriate enzyme downstream of the polyadenylation 

sequence and the BGH polyadenylation signal in pCITE-4b and pCR3 vectors 

respectively, followed by phenol extraction and ethanol precipitation. Linearised 

DNA was dissolved in nuclease-free water and approximately 4pg was incubated for 

4 hours at 37°C in a 40pl reaction volume containing T7 transcription 5 x buffer (8pl), 

rNTPs (lOOmM), T7 enzyme mix (4pl) and nuclease free water. To remove the DNA 

template, RQ1 RNase-Free DNase was added at a concentration of lU/pg of template 

DNA and incubated for 15 minutes at 37°C. The samples were extracted with 1 

volume of TE-saturated (pH 4.5) phenol:chloroform:isoamyl alcohol (25:24:1) 

followed by 1 volume of chloroform:isoamyl alcohol (24:1) and precipitated with 0.1 

x volume 3M sodium acetate and 1 x volume of isopropanol for 2-5 minutes on ice. 

The precipitated RNA was collected by centrifugation for 10 minutes at 12,000g, 

washed with 1ml of 70% ethanol, air dried for 5 minutes and dissolved in 40pl of 

nuclease free water. Aliquots were stored at -70°C.

2.3 Cell culture

2.3.1 Human tumour cell lines

HeLa cells (epithelial cells from the adenocarcinoma of the cervix) and the breast 

tumour cell lines MDA-MBAand MCF-7 were all purchased from the American Type 

Culture Collection (ATCC, Rockville, MD U.S.A.) These cell lines were cultured in 

80cm2 flasks (life Technologies Ltd) at 37°C in complete DMEM supplemented with 

10% FCS in a humidified atmosphere of 5%CC>2/95% air. Cell lines were maintained 

as monolayer cultures and passaged by trypsinisation with trypsin-EDTA as required. 

All cell lines were monitored routinely for Mycoplasma infection using a PCR-based 

kit supplied by Stratagene Ltd. (Cambridge).
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2.3.2 Isolation o f peripheral blood mononuclear cells

Peripheral blood from normal healthy volunteers was collected into heparinised 7.5ml 

monovettes (Sarstedt Ltd.), diluted 1:2 with minimal essential medium (MEM), 

layered over lymphocyte separation medium (LSM, 1.077 g/ml, 280 mOsm; Robbins 

Scientific Ltd, Knowle, West Midlands) and then centrifuged at 680g (no brake) for 

20 minutes at room temperature. Peripheral blood mononuclear cells (PBMC) were 

aspirated from the interface and washed extensively with MEM-2% FCS + 4mM 

EDTA.

2.3.3 Electroporation o f HeLa cells with plasmid DNA

Hela cells were transiently transfected with plasmid DNA by electroporation using the 

Bio-Rad Gene Pulser (Bio-Rad Laboratories Ltd., Hemel Hempstead, Hertfordshire). 

Exponentially growing HeLa cells were harvested using Trypsin-EDTA, washed 

twice with serum-free DMEM, and resuspended in the same medium at 5.0 x 106 

cells/ml. Plasmid DNA (2pg) was added to a 4 mm cuvette, 400pl of the cell 

suspension added and the cuvette immediately subjected to a single voltage pulse. 

Electroporation was performed at 960 pF, 0.30 kV and the cells were transferred 

immediately to either petri dishes containing 1% gelatin coated coverslips, 6-well
'y

plates or 80cm flasks. Up to 48-hours after electroporation the cells were analysed 

for protein expression by immunofluorescence microscopy, Western blotting or 

cytofluorimetry.

2.3.4 Detection o f apoptosis using Annexin V-FITC

Assessment of apoptosis was performed using the Annexin V-FITC Apoptosis 

Detection Kit as recommended by the supplier Oncogene Research Products 

(Cambridge, MA, USA). Briefly, 48-hours after transfection of HeLa cells, media was 

transferred from the T-80 flask to a 15ml conical flask and placed on ice. The 

adherent cells were washed with 10ml PBS, removed with trypsin-EDTA and 

resuspended in the media, previously removed from the flask, at a concentration of 1 

x 106 cells/ml. The cell suspension (0.5ml) was transferred to a microfuge tube and 

10ml of Media Binding Reagent was added followed by 1.25ml Annexin V-FITC.
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The cell suspension was incubated at room temperature in the dark for 15 minutes and 

centrifuged at 1000 x g for 5 minutes at room temperature. The media was removed 

and cells were resuspended in 0.5ml cold IX Binding Buffer followed by the addition 

of 10ml of propidium iodide. Samples were placed on ice away from light and were 

analysed immediately by cytofluorimetry.

2.4 Protein analysis

2.4.1 Immunofluorescence microscopy: intra-cellular localisation o f proteins

To examine the intra-cellular localisation of the p53 protein in HeLa cells transfected 

with plasmids encoding p53, and also the endogenous lysosomal membrane protein, 

CD63, immunofluorescence microscopy was employed. Zero grade coverslips (18 x 

18mm) suitable for subsequent confocal microscopy were sterilised with 70% ethanol 

and treated with 1% Gelatin (Sigma) in PBS. Transfected cells were grown on 

coverslips in petri dishes containing 2mls DMEM + 10% FCS for up to 48 hours at 

37°C. HeLa cells were either left untreated or treated with a protease inhibitor 

Leupeptin at 1 mg/ml (Sigma) for 4-hours at 37°C prior to the fixation stage. HeLa 

cells were fixed by washing twice in serum-free medium and placing in ice-cold 4% 

paraformaldehyde (PFA) in PBS (4% PFA-PBS) for 15 minutes. PFA-PBS (4%) was 

removed and the cells were permeabilised by incubation with 0.5% Triton X-100 in 

TBS for 5 minutes at room temperature. After rinsing the cells in 0.1% Triton X-100 

in TBS (TBS-T), blocking buffer (TBS-T + 10% BSA w/v) was added for 10 minutes 

at room temperature to reduce non-specific staining.

Proteins were visualised by indirect dual staining using two specific primary 

antibodies followed by two species specific secondary antibodies conjugated to CY3 

or Fluorescein isothiocyanate (FITC). Primary antibodies were diluted in blocking 

buffer at the optimum dilution and 39pl was placed onto clean nesco film in a box 

containing moist blotting paper. The coverslips were lowered carefully onto the 

antibody droplets cell-side down and incubated in the humidified chamber for 1 hour 

at 37°C. Coverslips were removed and placed cell side up in petri dishes and washed 

three times with TBS-T + 10% BSA for 5 minutes on a rocker at room temperature.
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The cells were incubated with the secondary antibodies (anti-rabbit FITC + anti

mouse CY3) as for the primary antibodies in a humidified chamber for 1 hour at 37°C. 

The coverslips were placed cell side up in petri dishes and washed four times with 

TBS-T + 10% BSA for five minutes on a rocker at room temperature followed by one 

final wash in double distilled water. Coverslips were mounted in 

Diazabicyclo[2.2.2]octane (DABCO) on microslides 76 x 26mm and 0.8/1.0mm 

thick.

Cells were visualised by epifluoresence using an Olympus microscope and were 

examined by a confocal laser scanning microscope (CLSM) (MRC-600 BioRad 

Laboratories, Herts, UK) equipped with an Argon ion laser (BioRad Laboratories, 

Herts, UK). The green fluorochrome, FITC, was excited at X=488nm and emitted at 

X=520nm. The red fluorochrome, CY3, was excited at X=514nm and emitted at 

>.=556. The digital confocal images which were obtained are monochromatic, and 

where appropriate, images were pseudocoloured to reproduce as accurately as 

possible, the original image. The Confocal Assistant software program (Biorad 

Laboratories, Herts, UK) was used to produce superimposed images in dual labelling 

experiments. Multiple images of a specimen were also acquired at regular increments 

from the apex through to the base of the cell which is called a z-series. All sections in 

a z-series are the same size and in perfect registration in the XZ plane. These images 

were subsequently projected into a single picture which contains the brightest pixel in 

the XZ plane at each of the full screen coordinates. The projected images of cells 

which had been processed for dual staining with FITC and CY3 were subsequently 

superimposed.

2.4.2 Immunofluoresetice microscopy: cell surface expression (method I)

To examine surface expression of p53 in HeLa cells, the electroporated cells were 

plated onto sterile zero grade coverslips coated with 1% gelatin and grown for up to 

48 hours in the appropriate media containing 10% FCS. HeLa cells were fixed by 

washing twice in serum-free medium and placing in ice-cold 4% paraformaldehyde 

(PFA) in PBS (4% PFA-PBS) for 15 minutes. TBS + 10% BSA w/v was added for 10 

minutes at room temperature to reduce non-specific staining.

54



Chapter Two

Proteins were visualised by indirect staining using a specific primary antibody 

followed by a species specific secondary antibody conjugated to Fluorescein 

isothiocyanate (FITC). The primary antibody was diluted in blocking buffer at the 

optimum dilution and 39pl was placed onto clean nesco film in a box containing 

moist blotting paper. The coverslips were lowered carefully onto the antibody droplets 

cell-side down and incubated in the humidified chamber for 1 hour at 37°C. 

Coverslips were removed and placed cell side up in petri dishes and washed three 

times with TBS + 10% BSA for five minutes on a rocker at room temperature. The 

cells were incubated with the secondary antibody as for the primary antibody in a 

humidified chamber for 1 hour at 37°C. The coverslips were placed cell side up in 

petri dishes and washed four times with TBS + 10% BSA for 5 minutes on a rocker at 

room temperature followed by one final wash in double distilled water. Coverslips 

were mounted in DABCO on microslides 76 x 26mm and 0.8/1.0mm thick. Cells 

were visualised by epifluoresence using an Olympus microscope and were 

subsequently examined by CSLM to produce monochromatic digital confocal images. 

In some cases multiple images of a specimen were acquired at regular increments 

from the apex through to the base of the cell which is called a z-series. All sections in 

a z-series are the same size and in perfect registration in the XZ plane. These images 

were subsequently projected into a single picture which contained the brightest pixel 

in the XZ plane at each of the full screen coordinates.

2.4.3 Immunofluoresence microscopy: cell surface expression (method II)

To examine surface expression of p53 in transfected HeLa cells, the cells were plated 

onto sterile zero grade coverslips coated with 1% gelatin and grown for up to 48 hours 

in the appropriate media containing 10% FCS. The media was carefully removed and 

the cells were washed with PBS. Proteins were visualised by indirect staining using a 

specific primary antibody followed by a species specific secondary antibody 

conjugated to Fluorescein isothiocyanate (FITC). Primary antibody (anti-p53) was 

diluted in PBS + 0.2% FCS at varying dilutions and 39pl was placed onto clean nesco 

film in a box already containing moist blotting paper. The coverslips were lowered 

carefully onto the antibody droplets cell-side down and incubated in the humidified 

chamber for 30 minutes at 37°C. Coverslips were removed and placed cell side up in

55



Chapter Two

petri dishes and washed four times with PBS + 10% FCS for 2 minutes on a rocker at 

room temperature. The cells were incubated with the secondary antibody (anti-rabbit 

FITC) as for the primary antibody at varying dilutions in a humidified chamber for 1 

hour at 37°C. The coverslips were placed cell side up in petri dishes and washed three 

times with PBS + 10% FCS for 2 minutes on a rocker at room temperature. Ice-cold 

PFA (3%) containing 5% sucrose was used to fix the cells for 15 minutes at room 

temperature before the coverslips were mounted in DABCO on microslides 76 x 

26mm and 0.8/1.0mm thick. Cells were visualised by epifluoresence using an 

Olympus microscope and were photographed on Kodak ASA 400 colour film.

2.4.4 Cytofluorimetric analysis

For indirect antibody labelling, adherent HeLa cells were removed from tissue culture 

flasks by treatment with 0.04% EDTA/PBS, washed twice in PBS containing 2% FCS 

+ 0.02% sodium azide, and 2 x 105 cells were incubated with the primary antibody 

diluted in PBS + 2% FCS for 40 minutes on ice. After washing three times with PBS 

+ 2% FCS (4mls), the cells were incubated with the secondary antibody conjugated 

with FITC diluted in PBS + 2% FCS for 40 minutes on ice. The cells were washed as 

before and fixed in 1% PFA-PBS.

For direct antibody labelling, adherent cells were removed from tissue culture flasks 

by treatment with 0.04% EDTA/PBS, washed twice in PBS containing 2% FCS + 

0.02% sodium azide, and 2 x 105 cells stained with saturating amounts of FITC- or 

PE- directly conjugated mAb in PBS + 2% FCS for 40 min on ice. After washing 

three times with PBS + 2% FCS, the cells were fixed in 1% PFA-PBS.

Cells transfected with GFP were harvested up to 48 hours post transfection and 

washed twice in PBS + 2% FCS. Cells (5 x 105) were resuspended in either 1ml of 

PBS containing propidium iodide and incubated for 10 minutes at room temperature or 

in 1ml of 1% PFA-PBS.

In all cases, fluorescence was measured using a Becton-Dickinson FACStar® 

(Becton-Dickinson, Cowley, Oxford) and the data analysed using WinMDI software 

(www.bio.unmass.edu/mcbfacs/). 5000-10,000 cells were analysed per sample.

56

http://www.bio.unmass.edu/mcbfacs/


Chapter Two

2.4.5 SD S-poly aery lamide gel electrophoresis (SDS-PAGE) o f proteins

Separations of proteins was performed under denaturing conditions using the 

discontinuous method of Laemmli (1970). Discontinuous SDS-PAGE systems use a 

stacking gel with a lower percentage of polyacrylamide than the resolving gel. This 

allows better separation of proteins, with an increased resolution over continuous 

systems which use one polyacrylamide concentration. The denaturing conditions split 

proteins into their component subunits and the addition of SDS ensures that all 

proteins carry the same overall charge to mass ratio so that separation is purely on the 

basis of molecular mass (Laemmli, 1970).

Table 2.3. Composition of SDS-PAGE gels

Resolving gel 

10% acrylamide

Stacking gel 

5% acrylamide

d.H20 9.6 ml 13.7 ml

2M TrisCl pH 8.8 3.7 ml —

1M TrisCl pH 6.8 — 2.5 ml

10% SDS 200 pi 200 pi

30% Acrylamide/bisacrylamide 
(Amersham)

6.7 ml 3.3 ml

10%(NH4)2S2O8 134 pi 200 pi

T etramethy 1-ethylenediamine (TEMED) 
(Amersham)

14 pi 20 pi

Protein samples were prepared from HeLa cells and corresponding supernatants 48- 

hours after transfection. Briefly, HeLa cells were transiently transfected by 

electroporation with various constructs encoding p53 and 6-well plates were seeded 

with 3 x 105cells/well in 2mls of serum-free OPTI-MEM. After 48-hours the 

supernatants were carefully aspirated, filtered with 0.22pM filters to remove 

contaminating non-adherent cells and concentrated using microcon centrifugal 

devices containing 30 kDa filters as recommended by the supplier Amicon.
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Concentrated supernatants (approximately 10pl-30pl) were mixed with protein 

loading buffer (3x) containing lOOmM DTT in the ratio of 2 parts sample and 1 part 

sample buffer, boiled for 5 minutes and allowed to cool on ice before application to 

the gel. After careful removal of the supernatants, HeLa cells were washed once with 

PBS and lysed by the addition of 50pl of protein loading buffer (2x) containing 

lOOmM DTT. Samples were sonicated (A, = 10 microns) for 20 seconds, boiled for 5 

minutes and allowed to cool on ice before application to the gel.

SDS-PAGE was performed using the Mini Protean II Electrophoresis System 

according to the manufacturer’s instructions (Bio-Rad, Hemel Hemptsead, Herts, 

UK). The tank was filled with running buffer, the samples loaded onto the gel and a 

voltage of 150 V was applied until the dye front had moved into the resolving gel. 

The voltage was subsequently increased to 180 V and the gel was run until optimum 

separation was achieved as judged by the position of the prestained molecular weight 

markers (refer to Table 2.4 for description of marker).

2.4.6 Western Blotting

Proteins separated on SDS-PAGE gels were electrophoretically transferred to a 

membrane by a process commonly termed Western blotting. The polyacrylamide gel 

was positioned cathode side of a membrane (Hybond C nitrocellulose membranes, 

Amersham International, Amersham, UK), and sandwiched between Whatman 3MM 

filter paper (membrane and filter paper had been presoaked in transfer buffer). These 

were inserted into a Mini Trans-Blot apparatus (Biorad, Hemel Hemstead, Herts, UK) 

and a tank was filled with transfer buffer. Proteins were transferred overnight by 

applying a current of 120 mA at room temperature. Blots were used directly or 

blocked and stored wet at 4°C.

2.4.7 Enhanced chemiluminescence (ECL)

Detection of immobilised proteins conjugated indirectly with horseradish peroxidase- 

labelled antibodies was carried out using the technique of Enhanced 

Chemiluminescence and detection of light emission on X-ray film.
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After electroblotting, the free protein binding sites on the membrane were blocked by 

incubating the membrane in a blocking agent (TBS-T + 5% BSA) for 1 hour. Primary 

antibodies were diluted at the appropriate dilution in blocking buffer and incubated 

for 1 hour. The membrane was washed three times for 15 minutes using TBS-T 

followed by an hour incubation with HRP conjugated secondary antibody specifically 

reacting against the primary antibody optimally diluted in blocking buffer. The 

membrane was washed as before to remove unbound antibody.

Visualisation of bound antibody was performed by carefully immersing the membrane 

in lOmls detection reagent (Sigma) for 1 minute. The membrane was removed, 

drained o f excess reagent before covering with Saran Wrap™ ensuring the 

elimination of bubbles. To minimise decay of the detection reagent the membrane was 

placed immediately in a light tight cassette, proteins side up and light emission 

visualised on Kodak XAR5 film (Sigma) for the optimum period.

N.B. All incubations and washing steps were carried out at room temperature on a 

rocker.

For determination of relative molecular weight on western blots, the Coloured 

Standard Molecular Weight Marker (Sigma) was used. Refer to Table 2.4 for 

distribution of proteins.

2.4.8 Coupled in vitro transcription/translation

Protein translation in vitro was performed using the TNT Coupled Reticulocyte 

Lysate System as recommended by the supplier Promega. Briefly, the following 

reaction components were assembled in a 1.5ml microcentrifuge tube:

TNT rabbit reticulocyte lysates 12.5pi
TNT reaction buffer l.Opl
TNT RNA T7 polymerase 0.5pi
Amino acid mixture minus methionine 0.5 pi
[35S]methionine (l,000Ci/mmol, at lOmCi/ml) 2.0pl
Rnasin ribonuclease inhibitor, 40u/pl 0.5pl
DNA template 0.5ug
Nuclease-free water to final volume 25.0pl
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For the positive control reaction 0.5pl of the luciferase control DNA was used 

whereas the negative control reaction did not contain a DNA template. The reactions 

were incubated at 30°C for 60-120 minutes. Once the 25pl reaction was complete, 5pl 

was removed for analysis. The remainder of the sample was stored at -20°C j .The
j

sample was separated by SDS-PAGE then visualised by autoradiography.

Table 2.4 Colour Molecular Weight Marker for Proteins

Proteins Native Molecular Weight 

of Subunit (Daltons)

Colour of Conjugate

Myosin, Rabbit muscle 205,000 Blue

P-Galactosidase, E.coli 116,000 Turquoise

Albumin, Bovine Serum 66,000 Pink

Ovalbumin, chicken egg 45,000 Yellow

Carbonic Anhydrase, 29,000 Orange

Bovine erythrocytes

Trypsin Inhibitor, 20,000 Green

Soybean

a-Lactalbumin 14,200 Purple

Aprotinin, Bovine milk 6,500 Blue
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Chapter Three

3.1 Introduction

The overall aim of this study is to design a DC-based vaccine system for breast cancer 

which is capable of inducing an enhanced CD4+ T-cell response. As the strategy 

involves the transfection of DC with cDNA encoding a known tumour antigen, the 

endogenously synthesised protein must be effectively trafficked to the MHC class II 

pathway in order to induce such a CD4+ T-cell proliferative response. Initially, this 

study sought to design an expression vector which was capable of targeting a known 

breast tumour antigen to the lysosomal compartment. As mentioned in chapter one, 

the tumour suppressor protein p53 is over expressed in 57% of breast tumours and 

there is evidence of CTL responses against both wild-type and mutant forms in breast 

cancer patients (Hadden, 1999). As the majority of mutations documented for p53 

result in the alteration of a single amino acid (Vogelstein et al., 1992), mutant p53 

over expressed in tumours resembles the wild-type form (McCarty et al., 1998). 

Therefore, wild-type p53 was selected as the breast tumour antigen to be manipulated 

in this DC-based vaccine strategy as it represents an attractive target for 

immunotherapy without the need to assess the p53 mutation and the HLA type of a 

patient.

Many groups have successfully targeted endogenous antigens to MHC by utilising 

signal peptide motifs present in LAMP-1, Ii chain and DM (Wu et al., 1995; Nair et 

al., 1998; Sanderson et al., 1995; Marks et al., 1995). In this study the YTPL signal 

motif was utilised in order to target p53 to the lysosomal compartment. This tyrosine 

based signal peptide which is located in the cytoplasmic tail of HLA-DMp has been 

shown to direct DM to lysosomal compartments in HeLa cells (Marks et al., 1995).

Experiments described in this chapter sought to engineer a chimeric p53-DMp cDNA 

template by fusing a sequence, encoding the YTPL signal peptide motif of DM, to the 

C-terminus of p53. Comparative analyses would assess the ability of the targeting 

signal, YTPL, to direct endogenous p53 to the lysosomal compartments of HeLa cells 

in the presence and absence of a leader sequence (LS) fused at the N-terminus.
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3.2 Methods

3.2.1 Cloning o f human p53

To clone p53, total RNA from the MCF-7 breast tumour cell line was reverse- 

transcribed into cDNA and amplified by PCR using specific-oligonucleotides 

encompassing the entire p53 ORF. The following primers were used, the design of 

which was based on the sequence reported in GenBank under the accession number 

Ml 4694.

Forward primer: 5 ’-CTCGAGATTGGCAGCCAGACTGCCTT-3 ’

Reverse primer: 5 ’ - AG AATTCG AGT CT GAGT C AGGCCCTTCTGT-3 ’

Polymerase chain reaction was performed under the following conditions: 45 seconds 

at 94°C, 45 seconds at 60°C, 72°C at 2 minutes and 26 seconds for 20 cycles, followed 

by 10 minutes at 72°C. After electrophoresis on a 1.5% LMP agarose gel, the PCR 

product was excised, purified using the QLAquick gel extraction kit, and cloned into 

the TA-site of pCR2.1. Recombinant clones in the correct orientation were sequenced 

across the pCR2.1 polylinker by cycle sequencing using dye-labelled terminators.

3.2.2 Construction o f pCR3.p53-DM/3

A vector, pCDM8 containing the RING-7 gene which encodes HLA-DMP, was 

kindly donated by Dr Trowsdale. Specific-oligonucleotides encompassing the 

transmembrane region and the cytoplasmic tail containing the YTPL signal motif 

were used to amplify this region of HLA-DMP by PCR. The design of the following 

primers was based on the published sequence for HLA-DMp (Kelly et al., 1991) and 

contained restriction sites (highlighted blue and yellow) for the generation of 

compatible ends for subsequent sub-cloning .
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Forward primer: 5’-AATCGGATCCGAGTTTCTGTGTCTGCAGTG-3’

Reverse primer: S’-CCGCfatA'fePCTAGGAAATGTGCCATCCTTC-3’

BamUl 

EcoBJ

Stop codon

Polymerase chain reaction was performed under the following conditions: 45 seconds 

at 94°C, 45 seconds at 60°C and 30 seconds at 72°C for 20 cycles, followed by 10 

minutes at 72°C. After electrophoresis on a 1.5% LMP agarose gel, the resulting 

(139bp) PCR product, shown in Figure 3.2, was excised, purified using the QIAquick 

gel extraction kit, and cloned into the BamW\ and EcoRI site of the pCR3 vector. 

Restriction analysis identified recombinant clones in the correct orientation and the 

resulting construct was designated pCR3.DMP

A Kpnl fragment from the vector pCR2.1.p53 encompassing the entire ORF of p53 

was subcloned into the Kpnl site situated approximately 15bp upstream of the DMP 

insert present in the construct pCR3.DMp. Recombinant clones in the correct 

orientation were sequenced across the pCR3 polylinker by cycle sequencing using 

dye-labelled terminators.

For a schematic representation of the construct and the predicted location of p53 

expressed in transfected cells refer to Figure 3.2.

3.2.3 Construction o f pCR3.p53

A Kpnl fragment, released from pCR2.1.p53 encompassing the entire ORF of p53 

was subcloned into the Kpnl site of pCR3. Recombinant clones in the correct 

orientation were sequenced across the pCR3 polylinker by cycle sequencing using 

dye-labelled terminators.

For a schematic representation of the construct and the predicted location of p53 

expressed in transfected cells refer to Figure 3.2.
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3.2.4 Construction o f pSecTagA.p53-DM/3

An EcoRI fragment containing the p53-DMp was released from pCR3.p53-DMP and 

amplified by PCR using specific-oligonucleotides encompassing the entire p53- 

DM(3 cDNA insert. The design of the forward and reverse primers was based on the 

p53 sequence reported in GenBank under the accession number M l4694 and the 

published sequence for HLA-DMP (Kelly et al., 1991), respectively and contained 

restriction sites (highlighted blue and yellow) for the generation of compatible ends 

for sub-cloning into the vector pSecTagA.

Forward primer: 5’-GGCCCAGCTGGCCATGGAGGAGCCGCAGTCAG-3’

Reverse primer: 5,-CCGCB|A'8fiIAGGAAATGTGCCATCCTTC-3,

Sfil 

EcoM  

Start codon 

Stop codon

Polymerase chain reaction amplification was performed under the following 

conditions: 45 seconds at 94°C, 45 seconds at 60°C, 72°C at 2 minutes and 42 seconds 

for 20 cycles, followed by 10 minutes at 72°C. After electrophoresis on a 1.5% LMP 

agarose gel, the resulting (1350bp) PCR product was excised, purified using the 

QIAquick gel extraction kit, and cloned into the TA-site of pCR2.1. The insert, p53- 

DMP, was subsequently released from pCR2.1 by sequential restriction endonuclease 

digestion with the enzymes Sfil and EcoRI and subcloned into the equally cut 

pSecTagA downstream of the leader sequence. The Sfil site is situated lObp 

downstream of the LS and the .EcoRI site is situated further downstream in the 

polylinker sequence. Recombinant clones in the correct orientation were sequenced 

across the pSecTagA polylinker by cycle sequencing using dye-labelled terminators.

For a schematic representation of the construct and the predicted location of p53 in 

expressed in transfected cells refer to Figure 3.2.
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3.2.5 Construction o f pSecTagA.p53

An expression vector was constructed which was identical to the construct 

pSecTagA.p53-DMp but lacked the DMP region fused at the carboxyl terminus of the 

p53. The approach used is summarised in Figure 3.1 and described below. All DNA 

manipulations were performed using techniques as described in chapter two. A 

Eco81\-Pst\ fragment from pCR3.p53 encompassing 683bp-1179bp of the p53 cDNA 

insert plus a small region of the polylinker sequence were removed. This fragment 

was subcloned into pSecTagA.p53-DMp, in which the fragments Eco81I-PstI and 

Pstl-Pstl encompassing 683bp-1350bp of the p53-DMp insert plus a small 

downstream region of the polylinker sequence, were removed. Recombinant clones in 

the correct orientation were sequenced across the pSecTagA polylinker by cycle 

sequencing using dye-labelled terminators. The resulting construct, designated 

pSecTagA.p53, contained the p53 insert in frame with the leader sequence, which is 

situated lObp upstream from p53.

For a schematic representation of the construct and the predicted location of p53 

expressed in transfected cells refer to Figure 3.2.

3.2.6 Construction o f pSecTagA.p53-TM

An EcoRl fragment containing the p53-DMp insert, was released from pCR3.p53- 

DMp and amplified by PCR using specific-oligonucleotides encompassing the entire 

p53 cDNA sequence, the transmembrane region of the DMp cDNA sequence plus a 

small region of the cytoplasmic tail immediately upstream of the signal motif. The 

design of the forward and reverse primers was based on the p53 sequence reported in 

GenBank under the accession number M l4694 and the published sequence for HLA- 

DMp (Kelly et al., 1991) respectively and contained restriction sites (highlighted blue 

and yellow) for the generation of compatible ends for sub-cloning into the vector 

pSecTagA.
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CMVpr

Stop codon Stop codon

CMVpr CMVpr

KpnlPstl Pstl Kpnl PstlSfil Ecom

p53

I Remove EcoSl-Pstl and 
Pstl-Pstl fragments

Release Eco&ll-Pstl fragment 

Stop codon

>------- LS p53

J
Sfil

p53

E coU l Ecom Kpnl Pstl

Ligate EcoKll fragment from pCR3.p53 into 
E com -P stl sites of digested pSecTagA. p5 3-DMp

Stop codon

pSecTagA.p53 CMVpr \ LS p53f

Sfil Ecom Kpnl

Figure 3.1 Construction of pSecTagA.p53

Pstl
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Forward primer; 5 ’-GGCCCAGCTGGCCATGGAGGAGCCGCAGTC AG-3 ’ 

Reverse primer, 5 ’-C C G ^ ^ T T d T AACTAGAGTGGCC AGCTCT-3 ’

Sfil 

Ecom 

Start codon 

Stop codon

Polymerase chain reaction amplification was performed under the following 

conditions: 45 seconds at 94°C, 45 seconds at 60°C, 72°C at 2 minutes and 42 seconds 

for 20 cycles, followed by 10 minutes at 72°C. After electrophoresis on a 1.5% LMP 

agarose gel, the resulting (1293bp) PCR product was excised, purified using the 

QIAquick gel extraction kit, and cloned into the TA-site of pCR2.1. The insert, 

designated p53-TM, was released from pCR2.1 by sequential restriction endonuclease 

digestion using the enzymes Sfil and EcoRl and subcloned into the equally cut 

pSecTagA downstream of the leader sequence. The Sfil site is situated lObp 

downstream of the LS and the £coRI site is situated further downstream in the 

polylinker sequence. Recombinant clones in the correct orientation were sequenced 

across the pSecTagA polylinker by cycle sequencing using dye-labelled terminators.

For a schematic representation of the construct and the predicted location of p53 in 

transfected cells refer to Figure 3 .2.
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Construct Predicted Location

p o ly Ap53
Nucleus

pCR3.p53

C M V p r p o ly ADMpp53
Cvtosol

pCR3.p53-DMp

C M V p r p o ly ALS pS3
Lysosomal Compartment

pSecTagA. p53-DMp

C M V p r p o ly ALS p53
Secretion

pSecTagA. p5

C M V p r TM p o ly ALS p53
Membrane bound

pSecTagA. p53-TM

Figure 3.2 Mammalian expression constructs encoding p53 engineered to traffic to predicted 

locations as indicated.
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3.3 Results

3.3.1 Cloning o f  human p5 3

The open reading frame of human p53 was generated by RT-PCR from MCF-7 total 

RNA, using the primers and conditions described. The resulting 1216bp PCR product, 

shown in Figure 3.3, was cloned directly into the TA-site of the TA-cloning vector 

pCR2.1. Cycle sequencing confirmed the cloned p53 cDNA sequence to be identical 

to that reported in GenBank under accession number M l4694. Sequencing also 

revealed that the stop codon was not present and a Kpnl site had been generated 12bp 

downstream of the insert. A Kpnl site was also situated 54bp upstream of p53 in the 

polylinker sequence of pCR2.1.This enabled p53 to be subcloned as a Kpnl fragment 

in subsequent DNA manipulations.
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1216 bp

■

Figure 3.3 Agarose gel (1.5%) stained with ethidium bromide showing RT-PCR of human p53 

cDNA for insertion into a TA-cloning vector. Lane (1) 1Kb DNA Marker. Lane (2) PCR 

amplification product o f p53 using lOng of reverse transcribed MCF-7 breast tumour cell line total 

RNA. Lane (3) PCR amplification product of p53 using lOOng o f reverse transcribed MCF-7 breast 

tumour cell line total RNA. Lane (4) Negative control using mRNA demonstrating that the 

amplification did not originate from contaminating chromosomal DNA.
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3.3.2 Construction o f pCR3.p53-DMJ3

The region of HLA-DMp encompassing the transmembrane region and cytoplasmic 

tail containing the YTPL signal motif was amplified by PCR using the primers and 

conditions described. The resulting PCR product (139bp), shown in Figure 3.4, was 

cloned into the TA-site of pCR2.1 and subsequently released as a BamHl and EcoKL 

fragment. This fragment was subcloned into the BamHl and EcoBl sites of pCR3 and 

restriction analysis identified the recombinant clones in the correct orientation. The 

resulting construct, designated pCR3.DMp, was manipulated further to engineer a 

chimeric cDNA p53-DMp template.

A Kpnl fragment from pCR2.1.p53 encompassing the entire ORF of p53 without a 

stop codon was subcloned into the Kpnl site situated approximately 15bp upstream of 

the DMp insert present in the construct pCR3.DMp. Cycle sequencing confirmed that 

p53 was in the correct reading frame with DMp. EcoBl sites were situated either side 

of the insert which enabled p53-DMp to be subcloned as an EcoBl fragment in 

subsequent DNA manipulations. The resulting construct, designated pCR3.p53-DMp, 

encoded a chimeric protein p53-DMp, illustrated in Figure 3.5, and was used to 

transfect HeLa cells to determine the localisation of p53-DMp by 

immunofluorescence microscopy studies. The amino acid sequence of the DMP 

region appended to the C-terminus of p53 is illustrated in Figure 3.6.

3.3.3 Construction ofpCR3.p53

A Kpnl fragment, released from pCR2.1.p53 encompassing the entire ORF of p53 

without a stop codon, was subcloned into the Kpnl site of pCR3. Sequencing analysis 

confirmed that p53 was in the correct reading frame with a stop codon located within 

the polylinker sequence of pCR3, 27bp downstream of p53. The resulting construct 

was designated pCR3.p53 and served as a control vector in the localisation studies of 

p53-DMp in transfected HeLa cells.
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1 2  3 4

Figure 3.4 Agarose gel (1.5%) stained with ethidium bromide showing PCR of human DMp 

cDNA encoding the transmembrane region and YTPL peptide motif of the cytoplasmic region.

Lane(l) 123bp repeat DNA ladder. Lane(2) PCR amplification product o f DMp using lOng of 

pCDM8.RING-7 vector DNA. Lane(3) PCR amplification product of DMP using lOOng of 

pCDM8.RING-7 vector DNA. Lane (4) Negative control.
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393 amino acids 45 amino acids

H?N- p53 DMP -COOH

Kpnl Kpnl BamHl EcoRl

Figure 3.5 Schematic diagram of the chimeric protein p53-DMp expressed from the construct 

pCR3.p53-DMp in transiently transfected HeLa cells

Signal motif

I
p53- V S V S A VTLGLGLIIF SLG VIS WR RAGHSSYTPLPGSNYSEGWfflSstop

Transmembrane region Cytoplasmic tail

Figure 3.6 Structure of the transmembrane region and cytoplasmic tail of the hybrid p53-DMp 

molecule containing the wild-type DMp sequence.
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3.3.4 Intracellular localisation o f p53 and p53-DM/3 in the absence o f an amino 

terminal signal sequence.

In the absence of an amino terminal signal sequence, it was predicted that p53 and 

p53-DMp would localise to the nucleus and cytosol, respectively. To confirm this the 

epithelial cell line HeLa was transfected with the constructs pCR3.p53 or pCR3.p53- 

DMp. Intracellular immunofluorescence staining using antibodies to p53 and CD63 

followed by CLSM was employed to determine whether p53-DMp co-localised with 

an endogenous lysosomal marker, CD63.

Prior to the localisation studies of p53, HeLa cells were utilised in preliminary 

experiments to determine the optimal dilutions of the primary anti human monoclonal 

CD63 antibody and the secondary anti-mouse antibody conjugated with CY3 (Table 

3.1). The staining pattern obtained for CD63 is illustrated and described below in the 

localisation studies of p53 in transfected HeLa cells.

The breast tumour-cell lines MCF-7 and MDA-MB-231, which express wild-type p53 

at low levels and mutant p53 at high levels, respectively, were utilised to establish 

optimal dilutions for the primary rabbit anti-human p53 antibody and the secondary 

anti rabbit-FITC antibody (Table 3.1). They also served as positive controls for p53 

expression in subsequent p53 localisation experiments. The immunofluorescence 

pattern obtained for p53 in both cell lines, revealed that p53 was localised to the 

nuclei with relatively little fluorescence in the cytoplasm. The MCF-7 cell line had 

scattered positive nuclei, the majority of which had bright fluorescent staining with a 

few cells showing moderate staining (Figure 3.7). Conversely, virtually all the nuclei 

from the MDA-MB-231 cell line showed bright fluorescent staining for p53 (Figure 

3.7). These results are consistent with published data. Although wild-type p53 in 

normal cells is kept at low levels by its relatively short-half-life of 15-30 minutes 

(Oren et al., 1981) and is usually undetectable by standard immunocytochemical 

techniques (Lane & Benchimol, 1990), some sublines of MCF-7 cells, show strong 

nuclear staining in a small number of cells (Vojtesek & Lane, 1993). This may be due 

to the cells exhibiting elevated p53 levels in response to normal growth conditions 

such as damage induced by aberrant DNA replication. Occasionally p53 positive cells
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are seen in sections of normal tissues and might reflect events which occur rather 

more frequently in rapidly dividing immortal cell lines like MCF-7. Interestingly 

other sublines of MCF-7 cells show a mixture of diffuse cytoplasmic p53 and nuclear 

overexpression in exponentially growing cultures (Segrini et al., 1994). In contrast, 

MDA-MB 231 cells which harbour a p53 missense mutation at codon 280 express 

transcriptionally inactive mutant p53 which accumulates to high levels in the nuclei 

(Moll e ta l ., 1996).

Table 3.1. Optimal dilutions of antibodies used in intracellular immunofluorescence microscopy.

Antibodies Optimal Dilutions

Primary polyclonal anti-human p53

(raised in rabbit) 1:1000

Primary monoclonal anti-human CD63

(raised in mouse) 1:100

Secondary monoclonal anti-rabbit conjugated with FITC

(raised in goat) 1:200

Secondary monoclonal anti-mouse conjugated with CY3

(raised in goat) 1:250

Further preliminary experiments were performed using HeLa cells transfected with 

p53 constructs to determine whether cross reactivity existed between the primary 

polyclonal p53 antibody raised in rabbit and the secondary anti-mouse antibody 

conjugated with CY3 and also between the primary monoclonal CD63 antibody raised 

in mouse and the secondary rabbit antibody conjugated with FITC. The data, which
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Figure 3.7 Immunofluorescence analysis of the intracellular localisation of endogenous p53 in 

MCF-7 and MDA-MB 231 cells. Cells were grown on coverslips for 48h and were fixed, 

permeabilised and labelled with a rabbit anti-human p53 polyclonal Ab. p53 was detected by secondary 

incubation with an anti-rabbit FITC conjugated mAb (green label). Cells were examined by CLSM and 

digital images were recorded. Both cell lines acted as positive controls for intracellular staining ofp53. 

Scale bars, 25pm.
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are not shown, confirmed that there were no cross reactions with these antibodies and 

consequently could be used in the following dual staining experiments.

HeLa cells were transiently transfected with the constructs pCR3.p53 and pCR3.p53- 

DMp by electroporation, the conditions having been optimised using pCR3.GFP (data 

not shown). A mock transfection was also performed using the vector pCR3 alone 

which served as a negative control in these localisation studies. Electroporated cells 

were transferred to petri dishes containing 2mls of DMEM + 10% FCS and 1% 

gelatin-treated coverslips. At 24 and 48-hours, cells were either left untreated or were 

treated with leupeptin, subsequently fixed, permeabilised and labelled with antibodies 

to detect p53 and CD63, as described in chapter two. HeLa cells were examined by 

conventional fluorescence microscopy and CLSM. Digital confocal images were 

obtained. It is important to note that all experiments described below included 

negative controls for p53 and CD63 labelling in which cells were also labelled with 

secondary antibodies alone to ensure that non-specific binding of these antibodies had 

not occurred and the background levels of fluorescence were low.

The intensity of immunofluorescence staining for p53 and p53-DMp was similar in 

HeLa cells at 24 and 48-hours which suggests that expression levels at these time 

points were similar. Only confocal images of HeLa cells at 48-hours are shown 

(Figures 3.8-3.10). A low transfection efficiency of approximately 1-3% was obtained 

in HeLa cells electroporated with the constructs pCR3.p53 and pCR3.p53- 

DMp compared with HeLa cells electroporated with the GFP construct pCR3.GFP 

which had an efficiency of 40% (data not shown).

HeLa cells were transfected with the construct pCR3.p53 encoding p53 alone in the 

absence of the DMp signal peptide. This construct served as a control in the 

localisation studies of p53. The results showed that bright fluorescent labelling for 

p53, in positively transfected HeLa cells at 48-hours, was localised to the nuclei 

without any cytoplasmic staining (Figure 3.8, Panel B). Identical staining was 

observed in cells treated with leupeptin, an inhibitor of a subset of lysosomal 

proteases (Figure 3.8, Panel E). The immunofluorescence pattern for antibodies 

directed to the endogenous lysosomal marker, CD63, revealed perinuclear structures
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and sporadic vesicles in the cell periphery (Figure 3.8, Panel A). This pattern of 

staining is indicative of the distribution of lysosomes. The composite images did not 

reveal any areas of co-localisation of p53 and CD63. The pattern of staining for p53 

was consistent with the nuclear localisation of endogenous wild-type p53 in MCF-7 

cells from which cDNA p53 was cloned (Figure 3.7). To ensure that these results 

were not due to endogenous expression of wild-type p53 in HeLa cells in response to 

their rapid division, untransfected cells and those transfected with empty vector 

(pCR3) were also dual stained for p53 and CD63. Fluorescent labelling for p53 was 

not observed in both untreated and leupeptin-treated untransfected HeLa cells (data 

not shown). However, the distinct punctate vesicular staining for CD63 was present 

(data not shown). Similarly, HeLa cells transfected with pCR3 alone, treated with 

(data not shown) or without leupeptin, showed distinct punctate vesicular staining for 

CD63 (Figure 3.22, Panel A) and no fluorescence for p53 (Figure 3.22, Panel B). The 

composite image (Figure 3.22, Panel C), therefore, did not reveal any areas of co

localisation. The results demonstrated that HeLa cells do not normally express p53 at 

detectable levels and p53 expression driven by the CMV promoter resulted in 

localisation to the nucleus in transiently transfected HeLa cells.

In HeLa cells transfected with pCR3.p53-DMp, the levels of p53-DMp detected by 

immunofluorescence appeared to be very high. This was illustrated by intense 

immunofluorescence for p53 distributed internally throughout the cell apart from the 

nucleus which was completely devoid of fluorescence, thus making it very difficult to 

detect the exact localisation of p53 (Figure 3.9, Panel B). In contrast, the 

immunofluorescence pattern for antibodies directed to the endogenous lysosomal 

marker, CD63, revealed perinuclear structures and sporadic vesicles in the cell 

periphery (Figure 3.9, Panel A). Panel C in Figure 3.9 represents the composite image 

of the two labels p53 and CD63. However, this composite image revealed areas in the 

perinuclear region where p53 had possibly co-localised with CD63. These areas 

appeared yellow caused by the combination of the green (FITC) and red signal (CY3).

To test whether p53-DMp was being degraded by proteases present in the lysosomes, 

transfected cells were treated with leupeptin prior to the indirect dual 

immunofluorescence analysis with antibodies to p53 and CD63. The staining pattern
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for p53 in leupeptin-treated cells (Figure 3.9, Panel E) was similar to the pattern in 

untreated cells and did not illustrate the punctate staining of lysosomes. p53 appeared 

to be distributed internally throughout the cytosol, apart from the nucleus with little 

evidence of localisation to the lysosomes. In contrast, the immunofluorescence pattern 

for antibodies directed to the endogenous lysosomal marker, CD63, revealed 

perinuclear structures and sporadic vesicles in the cell periphery (Figure 3.9, Panel D) 

which was also observed in untreated cells. Whereas the fluorescent pattern for p53 

did not reveal conspicuous localisation to the lysosomes, the composite image 

revealed a few yellow areas in the perinuclear region due to the combination of the 

green (FITC) and red signal (CY3), which may indicate areas in which p53 has co

localised with CD63 (Figure 3.9, Panel F).

In order to examine the location of p53-DMp and CD63 in more detail a z-series of 

confocal images was collected at 0.7pm intervals through a HeLa cell expressing p53- 

DMp (Figure 3.10). All the panels labelled A and B show fluorescence using the 

FITC and CY3 filter respectively. Panels 1A and IB represent a confocal image in 

the horizontal plane near the apex of the cell and the subsequent panels (2A+B -  

11A+B) represent images in the horizontal plane at every 0.7pm through the cell 

approaching the base (12A and 12B). Panel 13 represents a composite image of the 

projected images acquired in the z-series. As before, it was difficult to ascertain from 

these images whether co-localisation of the chimeric protein p53-DMp with the 

lysosomal marker CD63 had occurred. p53-DMp may have accumulated at steady 

state in the cytosol with some localisation to the lysosomes. In summary the results 

revealed that p53-DMp expressed from pCR3 in transiently transfected cells, was not 

localised to the nucleus but instead to undetermined locations in the cytoplasm due to 

the YTPL signal peptide appended to its C-terminus.

All immunofluorescence experiments described in this section were performed at least 

three times and the observations found to be reproducible.
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Figure 3.8 Immunofluorescence analysis of the intracellular localisation of p53 and CD63 in 

HeLa cells 48h after transient transfection with the construct pCR3.p53. Cells were transiently 

transfected and were treated with 1 mg/ml leupeptin for the final 4h (D,E,F)) or left untreated (A,B,C). 

Cells were fixed, permeabilised and co-labelled with a rabbit anti-human p53 polyclonal Ab and a 

mouse anti-human CD63 mAb. p53 and CD63 were detected by secondary incubation with an anti- 

rabbit-FITC conjugated mAb (green label) and an anti-mouse-CY3 conjugated mAb (red label), 

respectively. Cells were examined by CLSM and digital images o f identical fields were obtained using 

filters for both CY3 (A, D) and FITC (B, E). The lower panels C and F represent composite images of 

A and B, and D and E, respectively. Scale bars, 25pm.
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Figure 3.9 Immunofluorescence analysis of the intracellular localisation of p53 and CD63 in 

HeLa cells 48h after transient transfection with the construct pCR3.p53-DMp. Cells were 

transiently transfected and were treated with 1 mg/ml leupeptin for the final 4h (D,E,F) or left untreated 

(A,B,C). Cells were fixed, permeabilised and co-labelled with a rabbit anti-human p53 polyclonal Ab 

and a mouse anti-human CD63 mAb. p53 and CD63 were detected by secondary incubation with an 

anti-rabbit-FITC conjugated mAb (green label) and an anti-mouse-CY3 conjugated mAb (red label), 

respectively. Cells were examined by CLSM and digital images of identical fields were obtained using 

filters for both CY3 (A and D) and FITC (B and E). The lower panels C and F represent composite 

images o f A and B, and D and E, respectively. Scale bars, 25p.m.
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Figure 3.10 Immunofluorescence analysis of the intracellular localisation of p53 and CD63 in HeLa cells 48h after transient transfection with the construct 

pCR3.p53-DMp. Transfected cells were fixed, permeabilised and co-labelled with a rabbit anti-human p53 polyclonal Ab and a mouse anti-human CD63 mAb. p53 and 

CD63 were detected by secondary incubation with an anti-rabbit-FITC conjugated mAb (green label) and an anti-mouse-CY3-conjugated mAb (red label), respectively. Cells 

were examined by CLSM. Panels 1-14 represent a series of optical sections (z-series) o f an identical field collected using filters for both FITC (A) and CY3 (B), at 0.7pm 

intervals from the apex o f the cell (1) through to the base (14). Panel 15 represents a projection of the images obtained in the z-series which have been superimposed to detect 

co-localisation of p53 (FITC) and CD63 (CY3). Scale bar, 25pm.
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3.3.5 Construction o f pSecTagA.p53-DMf3

The insert p53-DMp was released as an EcoRl fragment from the construct 

pCR3.p53-DMp and amplified by PCR using the primers and conditions described. 

The resulting 1350bp PCR product was cloned directly into the TA-site of the TA- 

cloning vector pCR2.1 and subsequently released by sequential digestion with Sfil and 

EcoRl. This fragment was subcloned into the Sfil and EcoRl site of the previously 

digested eukaryotic expression vector pSecTagA. This vector contains a strong CMV- 

derived promoter, upstream of the leader sequence (LS) and MCS, which drives the 

constitutive expression of the inserted gene product in eukaryotic cells. Restriction 

analysis identified positive clones and cycle sequencing confirmed that the cloned 

p53-DMp cDNA sequence was identical to that of the insert, p53-DMp, present in the 

construct pCR3.p53-DMp. Sequencing analysis also confirmed that p53-DMp was in 

frame with the LS which was located 15bp upstream of the insert. This construct 

which was designated pSecTagA.p53-DMp encoded a chimeric protein LS-p53-DMp, 

illustrated in Figure 3.11, and was used to transfect HeLa cells to determine the 

localisation of p53-DMp by immunofluorescence microscopy studies. The amino acid 

sequence of the DMP region appended to the carboxyl terminus of p53 is illustrated in 

Figure 3.12.

3.3.6 Construction o f  pSecTagA.p53

pSecTagA.p53 was constructed as described in section 3.2.5. Restriction analysis 

identified positive clones and cycle sequencing confirmed that the cloned p53 cDNA 

was in frame with the leader sequence which was situated 15bp upstream. A stop 

codon was located 27bp downstream of p53 in the polylinker sequence. This 

pSecTagA-p53 construct served as a control in localisation studies of p53-DMp 

expressed from the construct pSecTagA-p53-DMp in transfected HeLa cells.
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21 amino acids 393 amino acids 45 amino acids

Sfil

LS p53 DMP COOH

Kpnl BamWl EcoRl

Figure 3.11 Schematic diagram of the chimeric protein LS-p53-DMp expressed from the 

construct pSecTagA.p53-DM p in transiently transfected HeLa cells.

Signal motif

LS-p53- VS V S AVTLGLGLIIFSLGVIS W RAGHSSYTPLPGSNYSEGWHISstop

Transmembrane region Cytoplasmic Tail

Figure 3.12 Amino-acid sequence of the transmembrane region and cytoplasmic tail of DM0 

present in the hybrid LS-p53-DMP molecule.
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3.3.7 Intracellular location o f p53 and p53-DMj3 expressed from, the pSecTagA 

constructs in transfected HeLa cells: utilisation o f an amino-terminal signal 

sequence.

In the presence of an amino-terminal signal sequence, it was predicted that p53- 

DMp would translocate across the ER membrane and then traffic to the lysosomal 

compartment by virtue of the YTPL signal motif appended to its C-terminus. It was 

also envisaged that the LS would enable p53, in the absence of the YTPL signal 

motif, to traffic through the secretory pathway resulting in its secretion. To confirm 

this the HeLa cell line was transfected with the constructs pSecTagA.p53-DMp and 

pSecTagA.p53. Intracellular immunofluorescence staining using antibodies to p53 

and CD63 followed by CLSM analyses was employed to determine the exact 

locations of p53 and p53-DMp.

HeLa cells were transiently transfected with the constructs pSecTagA.p53-DMp and 

pSecTagA.p53 by electroporation, the conditions having been optimised using 

pCR3.GFP (data not shown). A mock transfection was also performed using the 

vector pSecTagA alone which acted as a negative control in the localisation studies. 

Electroporated cells were transferred to petri dishes containing 2mls of DMEM + 10% 

FCS and 1% gelatin treated coverslips. At 48 hours, cells were fixed, permeabilised 

and co-labelled with antibodies to detect p53 and CD63 as described in chapter two. 

For optimal dilutions of antibodies used in these experiments refer to Table 3.1. All 

experiments described below included negative controls for p53 and CD63 labelling 

in which the cells were also labelled with the secondary antibodies alone to ensure 

that non-specific binding of these antibodies had not occurred.

Interestingly, the transfection efficiency of approximately 40-60% obtained in HeLa 

cells electroporated with the constructs pSecTagA.p53-DMp and pSecTagA.p53 was 

considerably higher than the transfection efficiency of 1-3% achieved in HeLa cells 

electroporated with the constructs pCR3.p53-DMp and pCR3.p53.

As in the case of HeLa cells transfected with the construct pCR3.p53-DMp, it was 

very difficult to determine the exact location of p53 at 48 hours after transfection with
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the construct pSecTagA.p53-DMp. The levels of p53-DMp expressed in positively 

transfected cells appeared to be very high as illustrated by the intense 

immunofluorescence pattern. Immunofluorescence for p53 was distributed internally 

throughout the cell apart from the nucleus which was completely devoid of 

fluorescence thus making it difficult to detect localisation of p53 to lysosomal 

structures (Figure 3.13, Panel B). Fluorescent labelling for p53 was particularly 

prominent around the perinuclear region of each cell suggesting that p53 was present 

in the ER and possibly the nuclear envelope. In contrast, the immunofluorescence 

pattern for antibodies directed to the endogenous lysosomal marker, CD63, revealed 

perinuclear structures and sporadic vesicles in the cell periphery indicative of 

lysosomal staining (Figure 3.13, Panel A). The composite image, however, revealed a 

few yellow areas in the perinuclear region due to the combination of the green (FITC) 

and the red signal (CY3), which may indicate areas in which p53 has co-localised 

with CD63 (Figure 3.13, Panel C).

To find out if p53 was being degraded by proteases present in lysosomes, transfected 

cells were treated with leupeptin prior to the indirect dual immunofluorescence 

analysis with the antibodies to p53 and CD63. However, the staining pattern for p53 

in leupeptin-treated cells was similar to that observed in untreated cells and did not 

reveal the punctate staining obtained with the antibody directed to CD63 (Figure 3.13, 

Panel D). As seen in untreated cells, fluorescence of p53 was observed in a prominent 

perinuclear ring suggesting that it is present in the ER and possibly the nuclear 

envelope (Figure 3.13, Panel E), and the nucleus was completely devoid of 

fluorescence. The composite image also revealed areas in the perinuclear region 

which appeared yellow and thus, indicated possible co-localisation of p53 with CD63 

in the lysosomes (Figure 3.13, Panel F).

In order to examine the location of p53-DMp and CD63 in more detail a z-series of 

confocal images was collected at 0.7pm intervals through a HeLa cell expressing p53- 

DMP (Figure 3.14). All the panels labelled A and B show fluorescence using the 

FITC and CY3 filter, respectively. Panels 1A and IB represent a confocal image in 

the horizontal plane near the apex of the cell and the subsequent panels (2A+B- 

11A+B) represent images in the horizontal plane at every 0.7pm through the cell
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Figure 3.13 Immunofluorescence analysis of the intracellular localisation of p53 and CD63 in 

HeLa cells 48h after transient transfection with the construct pSecTagA.p53-DMp. Cells were 

transiently transfected and were treated with 1 mg/ml leupeptin for the final 4h (D,E,F) or left untreated 

(A,B,C). Cells were fixed, permeabilised and co-labelled with a rabbit anti-human p53 polyclonal Ab 

and a mouse anti-human CD63 mAb. p53 and CD63 were detected by secondary incubation with an 

anti-rabbit-FITC conjugated mAb (green label) and an anti-mouse-CY3 conjugated mAb (red label), 

respectively. Cells were examined by CLSM and digital images of identical fields were obtained using 

filters for both CY3 (A and D) and FITC (B and E). The lower panels C and F represent composite 

images o f A and B, and D and E, respectively. Scale bars, 25pm.
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Figure 3.14 Immunofluorescence analysis of the intracellular localisation of p53 and CD63 in 

HeLa cells 48h after transient transfection with the construct pSecTagA.p53-DM(3. Transfected 

cells were fixed, permeabilised and co-labelled with a rabbit anti-human p53 polyclonal Ab and a 

mouse anti-human CD63 mAb. p53 and CD63 were detected by secondary incubation with an anti- 

rabbit-FITC conjugated mAb (green label) and an anti-mouse-CY3-conjugated mAb (red label), 

respectively. Cells were examined by CLSM and digital images were recorded. Panels 1-12 represent a 

series o f optical sections (z-series) o f an identical field collected using filters for both FITC (A) and 

CY3 (B), at 0.7pm intervals from the apex o f the cell (1) through to the base (12). Panel 13 represents a 

projection o f the images obtained in the z-series which have been superimposed to detect co

localisation o f p53 (FITC) and CD63 (CY3). Scale bar, 25pm.

88



Chapter Three

approaching the base (12A and 12B). Panel 13 represents a composite image of the 

projected images acquired in the z-series. These images revealed that there were areas 

of co-localisation of the chimeric protein, p53-DM(3, with the lysosomal marker, 

CD63, which were represented by yellow areas in the perinuclear region. These 

results suggested that p53-DMp had accumulated in the ER with some possible 

localisation in the lysosomes.

p53-DMp is constitutively expressed up to 72h after transient transfection due to the 

potent CMV enhancer-promoter sequence present in pSecTagA which results in its 

high level expression. The overexpression of p53-DMp may lead to steady state 

accumulation of p53-DMp in the ER and also at the cell surface caused by saturation 

of intracellular binding sites within the pathway involved in directing proteins to 

lysosomes. To find out if  lysosomal targeting of p53-DMp was more conspicuous 

prior to the accumulation of protein within the cells, a time course experiment was 

performed over 48 hours. HeLa cells transfected with the construct pSecTagA.p53- 

DMp and grown on coverslips, were removed from the medium at 6, 12, 24 and 48- 

hour time points. They were subsequently treated with leupeptin for 4-hours or left 

untreated, fixed, permeabilised and co-labelled with antibodies to detect p53 and 

CD63 as described in chapter two. For optimal dilutions of antibodies refer to Table 

3.1.

At 6-hours, the fluorescent labelling of p53 was similar in untreated and leupeptin- 

treated cells (Figure 3.15). Observations revealed that fluorescent staining had 

accumulated in the perinuclear region with diffuse staining present in the cell 

periphery. Punctate vesicular staining was observed for antibodies directed to CD63. 

The composite images revealed possible areas of co-localisation, which were 

particularly prominent in the perinuclear ring. These regions appeared yellow as a 

result of the combination of the green (FITC) and red signal (CY3). Fluorescent 

patterns of p53 and CD63 observed in cells, treated and untreated with leupeptin, at 

12 (Figure 3.16) and 24-hours (Figure 3.17) were similar to those observed in cells at 

48-hours (Figure 3.13). Disappointingly, the results obtained at each time point were 

unable to provide convincing evidence of conspicuous staining of p53 localised to the
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Figure 3.15 Immunofluorescence analysis of the intracellular localisation of p53 and CD63 in 

HeLa cells 6h after transient transfection with the construct pSecTagA.p53-DM(3. Cells were 

transiently transfected and were treated with 1 mg/ml leupeptin for the final 4h (D,E,F) or left untreated 

(A,B,C). Cells were fixed, permeabilised and co-labelled with a rabbit anti-human p53 polyclonal Ab 

and a mouse anti-human CD63 mAb. p53 and CD63 were detected by secondary incubation with an 

anti-rabbit-FITC conjugated mAb (green label) and an anti-mouse-CY3 conjugated mAb (red label), 

respectively. Cells were examined by CLSM and digital images o f identical fields were obtained using 

filters for both CY3 (A and D) and FITC (B and E). The lower panels C and F represent composite 

images o f A and B, and D and E, respectively. Scale bars, 25pm.
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Figure 3.16 Immunofluorescence analysis of the intracellular localisation of p53 and CD63 in 

HeLa cells 12h after transient transfection with the construct pSecTagA.p53-DMp. Cells were 

transiently transfected and were treated with 1 mg/ml leupeptin for the final 4h (D,E,F) or left untreated 

(A,B,C). Cells were fixed, permeabilised and co-labelled with a rabbit anti-human p53 polyclonal Ab 

and a mouse anti-human CD63 mAb. p53 and CD63 were detected by secondary incubation with an 

anti-rabbit-FITC conjugated mAb (green label) and an anti-mouse-CY3 conjugated mAb (red label), 

respectively. Cells were examined by CLSM and digital images o f identical fields were obtained using 

filters for both CY3 (A and D) and FITC (B and E). The lower panels C and F represent composite 

images o f A and B, and D and E, respectively. Scale bars, 25pm.
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Figure 3.17 Immunofluorescence analysis of the intracellular localisation of p53 and CD63 in 

HeLa cells 24h after transient transfection with the construct pSecTagA.p53-DMp. Cells were 

transiently transfected and were treated with 1 mg/ml leupeptin for the final 4h (D,E,F) or left untreated 

(A,B,C). Cells were fixed, permeabilised and co-labelled with a rabbit anti-human p53 polyclonal Ab 

and a mouse anti-human CD63 mAb. p53 and CD63 were detected by secondary incubation with an 

anti-rabbit-FITC conjugated mAb (green label) and an anti-mouse-CY3 conjugated mAb (red label,) 

respectively. Cells were examined by CLSM and digital images o f identical fields were obtained using 

filters for both CY3 (A and D) and FITC (B and E). The lower panels C and F represent composite 

images o f A and B, and D and E, respectively. Scale bars, 25pm.
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lysosomes. It is important to note that the cells became more confluent over the 48- 

hour period which was associated with a proportional increase in numbers of positive 

transfectants. Also the cells did not appear as spread out at 6-hours compared with 

their appearance at 48-hours. However, this did not have any affect on the localisation 

results ofp53 and CD63.

In addition, HeLa cells were transfected with the construct pSecTagA.p53 encoding 

p53 alone in the absence of the DM(3 signal peptide. This construct served as a control 

in the localisation studies of p53-DMp. p53, expressed from pSecTagA in positively 

transfected HeLa cells, was expected to be secreted from the cells by virtue of the LS 

appended to its N-terminus. The fluorescence pattern of p53, 48-hours after 

transfection (Figure 3.18 Panel B), was located prominently in the perinuclear region 

but became more punctate in the cell periphery unlike the more diffuse pattern 

observed in cells transfected with pSecTagA.p53-DMp. Punctate vesicular staining 

was observed for antibodies directed to CD63 (Figure 3.18, Panel A). The composite 

images (Figure 3.18, Panel C) were remarkably similar to those obtained of cells 

transfected with pSecTagA.p53-DMp. Co-localisation areas which appeared yellow 

were located in the perinuclear ring. However, this was an unusual observation as p53 

alone does not contain the YTPL residue and thus p53 in theory should not be located 

to the lysosomes. A similar pattern of staining for p53 and CD63 was also observed in 

cells treated with leupeptin (Figure 3.18, Panels D,E and F).

A time course experiment was performed, as before, to determine the exact location 

of p53 prior to its steady state accumulation within the cell at 48-hours. HeLa cells 

transfected with the construct pSecTagA.p53 and grown on coverslips, were removed 

from the medium at 6, 12, 24 and 48-hour time points. They were subsequently 

treated with leupeptin for 4-hours or left untreated, fixed, permeabilised and co

labelled with antibodies to detect p53 and CD63 as described in chapter two. For 

optimal dilutions of antibodies refer to Table 3.1.
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Figure 3.18 Immunofluorescence analysis of the intracellular localisation of p53 and CD63 in 

HeLa cells 48h after transient transfection with the construct pSecTagA.p53. Cells were 

transiently transfected and were treated with 1 mg/ml leupeptin for the final 4h (D,E,F) or left untreated 

(A,B,C). Cells were fixed, permeabilised and co-labelled with a rabbit anti-human p53 polyclonal Ab 

and a mouse anti-human CD63 mAb. p53 and CD63 were detected by secondary incubation with an 

anti-rabbit-FITC conjugated mAb (green label) and an anti-mouse-CY3 conjugated mAb (red label), 

respectively. Cells were examined by CLSM and digital images of identical fields were obtained using 

filters for both CY3 (A and D) and FITC (B and E). The lower panels C and F represent composite 

images o f A and B, and D and E, respectively. Scale bars, 25pm.
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At 6-hours, the fluorescent pattern was similar to the pattern observed in cells, 

positively transfected with pSecTagA.p53-DMp. The fluorescent labelling for p53 

was located prominently in the perinuclear region with additional diffuse fluorescence 

located in the cell periphery (Figure 3.19, Panel B). This was also observed in cells at 

12-hours (Figure3.20, Panel B). However, at 24-hours (Figure 3.21, Panel B) the 

fluorescent staining in the cell periphery appeared to be more punctate which is 

similar to the observations made in cells at 48-hours (Figure 3.18, Panel B). The 

fluorescence also remained more prominent in the perinuclear region. The fluorescent 

patterns for p53 observed at each time point were similar in leupeptin-treated cells 

(Panels E in Figures 3.18, 3.19, 3.20 and 3.21). The fluorescent patterns of CD63 

obtained at each time point in both untreated and leupeptin-treated cells revealed 

distinct punctate vesicular staining (Panels A and D in Figures 3.18, 3.19, 3.20 and 

3.21). Composite images obtained at 24 and 48-hours only revealed areas of co

localisation of p53 with CD63 in the perinuclear region (Panels C and F in Figures 

3.21 and 3.18). The punctate staining for p53 observed in the cell periphery did not 

co-localise with punctate staining for CD63.

HeLa cells transfected with pSecTagA alone, treated with (data not shown) or without 

leupeptin, showed distinct punctate vesicular staining for CD63 (Figure 3.22, Panel 

D) and no fluorescence for p53 (Figure 3.22, Panel E). The composite image (Figure 

3.22, Panel F), therefore, did not reveal any areas of co-localisation. Similarly, 

fluorescence for p53 was not observed in untransfected HeLa cells (data not shown), 

which had been untreated or treated with leupeptin. However, the distinct punctate 

vesicular staining for CD63 was present (data not shown).

All immunofluorescence experiments described in this section were performed at least 

three times and the observations found to be reproducible.
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Figure 3.19 Immunofluorescence analysis of the intracellular localisation of p53 and CD63 in 

HeLa cells 6h after transient transfection with the construct pSecTagA.p53. Cells were transiently 

transfected and were treated with 1 mg/ml leupeptin for the final 4h (D,E,F) or left untreated (A,B,C). 

Cells were fixed, permeabilised and co-labelled with a rabbit anti-human p53 polyclonal Ab and a 

mouse anti-human CD63 mAb. p53 and CD63 were detected by secondary incubation with an anti- 

rabbit-FITC conjugated mAb (green label) and an anti-mouse-CY3 conjugated mAb (red label), 

respectively. Cells were examined by CLSM and digital images of identical fields were obtained using 

filters for both CY3 (A and D) and FITC (B and E). The lower panels C and F represent composite 

images o f A and B, and D and E, respectively. Scale bars, 25pm.
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Figure 3.20 Immunofluorescence analysis of the intracellular localisation of p53 and CD63 in 

HeLa cells 12h after transient transfection with the construct pSecTagA.p53. Cells were 

transiently transfected and were treated with 1 mg/ml leupeptin for the final 4h (D,E,F) or left untreated 

(A,B,C). Cells were fixed, permeabilised and co-labelled with a rabbit anti-human p53 polyclonal Ab 

and a mouse anti-human CD63 mAb. p53 and CD63 were detected by secondary incubation with an 

anti-rabbit-FITC conjugated mAb (green label) and an anti-mouse-CY3 conjugated mAb (red label), 

respectively. Cells were examined by CLSM and digital images o f identical fields were obtained using 

filters for both CY3 (A and D) and FITC (B and E). The lower panels C and F represent composite 

images o f A and B, and D and E, respectively. Scale bars, 25pm.
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Figure 3.21 Immunofluorescence analysis of the intracellular localisation of p53 and CD63 in 

HeLa cells 24h after transient transfection with the construct pSecTagA.p53. Cells were 

transiently transfected and were treated with 1 mg/ml leupeptin for the final 4h (D,E,F) or left untreated 

(A,B,C). Cells were fixed, permeabilised and co-labelled with a rabbit anti-human p53 polyclonal Ab 

and a mouse anti-human CD63 mAb. p53 and CD63 were detected by secondary incubation with an 

anti-rabbit-FITC conjugated mAb (green label) and an anti-mouse-CY3 conjugated mAb (red label), 

respectively. Cells were examined by CLSM and digital images o f identical fields were obtained using 

filters for both CY3 (A and D) and FITC (B and E). The lower panels C and F represent composite 

images o f A and B, and D and E, respectively. Scale bars, 25p.m.
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Figure 3.22 Immunofluorescence analysis of the intracellular localisation of p53 and CD63 in 

HeLa cells transiently transfected with the vectors pCR3 and pSecTagA. Transfected cells were 

processed for immunofluorescence microscopy using the primary antibodies rabbit anti-human p53 and 

mouse anti-human CD63 and the secondary antibodies anti-rabbit-FITC (green label) and anti-mouse- 

CY3 (red label), respectively. The cells were examined by CLSM and digital images of identical fields 

were obtained using filters for both CY3 (A and D) and FITC (B and E). The lower panels C and F 

represent composite images o f A and B, and D and E, respectively. These transfectants served as 

negative controls for p53 expression in HeLa cells transfected with constructs encoding p53. Scale 

bars, 25 pm.
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3.3.8 Construction o f pSecTagA.p53-TM

The entire cDNA p53 sequence and the cDNA sequence of the DMp transmembrane 

region plus a small region of the cytoplasmic tail upstream of the signal motif was 

amplified by PCR using the primers and conditions described. The resulting 1293bp 

PCR product was cloned into the TA-site of pCR2.1 and subsequently released by 

sequential restriction digestion using the enzymes Sfil and EcoRl. This fragment was 

subcloned into the Sfil and iscoRI site of the previously digested eukaryotic 

expression vector pSecTagA. Restriction analysis identified positive clones and cycle 

sequencing confirmed that the cloned p53 cDNA possessed three base mutations as 

before which were located in the 5’ terminus region of p53. The remaining sequence 

was identical to that of the p53-DMp insert present in pCR3.p53-DMp apart from the 

absence of the signal motif sequence and the 3’ terminus cytoplasmic tail sequence 

which had been omitted. Sequencing analysis also confirmed that the insert was in 

frame with the LS which was located 15bp upstream. The resulting construct 

designated pSecTagA.p53-TM, encoded a chimeric protein LS-p53-TM, illustrated in 

Figure 3.23, and was used to transfect HeLa cells to determine the localisation of p53- 

TM by cytofluorimetry and immunofluorescence microscopy. The amino acid 

sequence of the truncated DMp region appended to the carboxyl terminus of p53 is 

illustrated in Figure 3.24.

3.3.9 Cell surface expression o f p53 in transfected HeLa cells.

It is evident from the results obtained in the intracellular localisation studies of p53- 

DMP and p53 expressed from the constructs, pCR3 and pSecTagA, that there is great 

difficulty in determining whether p53-DMp has been targeted to the lysosomes due to 

the accumulation of the overexpressed proteins in HeLa cells. Marks et al. (1995) 

have shown that accumulation at the cell surface of a chimeric protein termed T-T-Mb 

in which the cytoplasmic tail of murine DMp was appended to the lumenal and 

transmembrane domains of a cell surface protein, Tac, was exacerbated by 

overexpression in transiently HeLa and COS-1 cells. To find out if similar missorting 

of the protein p53-DMp had occurred in HeLa cells transiently transfected with 

pSecTagA.p53-DMp, experiments were performed which analysed cell surface
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21 amino acids 393 amino acids 29 amino acids

Sfil

--- LS p53 TM COOH

Kpnl BamHl EcoRl

Figure 3.23 Schematic diagram of the chimeric protein LS-p53-TM expressed from the construct 

pSecTAgA.p53-TM in transiently transfected HeLa cells.

LS- p53- VSVSAVTLGLGLIIFSLGVISW RAGHSSstop

Transmembrane region Truncated Cytoplasmic tail

Figure 3.24 Amino-acid sequence of the transmembrane region and truncated cytoplasmic tail of 

DMp present in the hybrid LS-p53-TM molecule
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expression of p53, 48-hours after transfection. As p53 is not normally expressed at the 

cell surface as a membrane protein it was necessary to design a construct which 

enabled p53 when expressed to be associated with the plasma membrane, thus acting 

as a positive control in these experiments. A construct, termed pSecTagA.p53-TM 

was engineered (see section 3.3.8 and Figures 3.22 and 3.23) which contained the 

chimeric DNA template encoding the transmembrane region plus the truncated 

cytoplasmic tail o f the HLA-DMp protein fused to p53 at the carboxyl-terminus. 

Importantly this construct lacked the YTPL signal motif thus allowing p53 to follow 

the constitutive secretory pathway by virtue of its LS fused at its amino-terminus and 

associate with the plasma membrane as a type I transmembrane protein with the short 

cytoplasmic tail orientated within the cytosol and p53 situated at the cell surface.

HeLa cells were transiently transfected with the constructs pSecTagA.p53-TM, 

pSecTagA.p53-DMp and pSecTagA.p53 by electroporation. A mock transfection was 

also performed using the vector pSecTagA alone which acted as a negative control in 

the analysis of cell surface expression of p53. Electroporated cells were transferred to 

either T-80 flasks or petri dishes containing DMEM + 10% FCS and 1% gelatin 

treated coverslips. After 48-hours, the cells were examined for cell surface expression 

of p53 either by cytofluorimetry or immunofluorescence microscopy. All experiments 

described below included negative controls for p53 labelling in which the cells were 

also labelled with the secondary antibody alone to ensure that non-specific binding of 

this antibody had not occurred.

For cytofluorimetric analysis, cells were processed for indirect labelling with 

antibodies to detect p53 as described in chapter two. Initially the rabbit anti-human 

p53 primary polyclonal antibody was diluted 1:200 and 1:500 and the anti-rabbit 

secondary antibody conjugated with FITC was diluted 1:200. The results revealed that 

surface expression of p53 could not be detected on cells transfected with the 

pSecTagA.p53-TM and pSecTagA.p53DMp constructs (data not shown). The results 

were similar for cells transfected with pSecTagA.p53. Also there was no detectable 

p53 found on the negative controls of cells transfected with pSecTagA alone and 

untransfected cells (data not shown). The experiment was repeated using increased 

concentrations of the primary (1:50 dilution) and secondary antibodies (1:20 dilution).
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Again the results revealed that there was no detectable p53 found on any of the 

transfectants and negative controls (data not shown). This may be attributed to 

ineffective labelling by the primary and secondary antibodies which have not been 

validated for cytofluorimetry and therefore may not function efficiently in this 

procedure. This phenomenon implies that if  there are cells expressing p53 at the cell 

surface they have not been detected successfully.

To further analyse surface expression of p53, immunofluorescence microscopy 

(method I) was adopted as an alternative method of analysis (refer to section 2.4.2). 

The primary and secondary antibodies used for p53 detection have been validated for 

this application and have been shown to work efficiently in earlier intra-cellular 

localisation studies of p53 described in this chapter. After 48-hours, the transfected 

cells were fixed followed by indirect labelling with antibodies to detect p53 and 

analysed by CLSM as described in section 2.4.2. The primary and secondary antibody 

were diluted 1:1000 and 1:200, respectively. The confocal images of HeLa cells 

transfected with pSecTagA.p53-TM revealed that there was some evidence of cell 

surface staining of p53 in 10-20% of the transfectants. A z-series was also collected at 

1.0pm intervals through fluorescent cells to ensure the staining pattern was indicative 

of surface staining in which fluorescence is located at the apex of the cells above the 

nuclei in the uppermost planes and at the cell surface in the periphery in the lower 

planes. This was confirmed by the confocal images obtained in the z-series (see 

Figure 3.25). Panels 1-3, which represent planes at the apex of the cells above the 

nuclei, show fluorescence in this region. Panels 4-6 indicate that the fluorescence 

forms a ring in the perinuclear regions 4-6pm beneath the apex. Panels 7-10, which 

represent planes near the surface of the cells in the periphery, indicate that the 

fluorescence becomes more punctate in this region with the fluorescence fading 

rapidly above the nuclei, whereas there is no fluorescence observed at the base of the 

cells in the lower planes (panels 11+12). In addition panels 4-9 reveal possible 

internal vesicular structures situated in the perinuclear region which may represent 

secretory vesicles in transit from the ER to the plasma membrane. The projected 

confocal image (panel 13) illustrates that p53 cell surface staining was evident in 

these cells. The presence of a prominent fluorescent ring in the perinuclear region
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may be due to the accumulation of p53 in the ER and implies that the cells have 

become slightly permeabilised allowing the occurrence of some intra-cellular staining.

The confocal images of HeLa cells transfected with pSecTagA.p53-DMp were 

remarkably different and did not reveal a typical staining pattern indicative of surface 

staining. The fluorescence appeared to be situated in a prominent area above the 

nucleus with the remainder of the cell completely devoid of fluorescence. A z series 

was collected at 1pm intervals through fluorescent cells to determine whether the 

fluorescence of p53 was located at the surface of the cell (see Figure 3.25). Panels 1-3 

which represent horizontal planes near the apex of the cell above the nuclei, illustrated 

that fluorescence was located above the nuclei which may be surface staining. Panels 

4-6, which represent horizontal planes approximately 4-6pm beneath the cell surface 

at the apex, illustrated that the fluorescence is located in the perinuclear region as a 

distinct ring, which may indicate ER and nuclear envelope staining, with the staining 

above the nuclei becoming more diffuse. Surprisingly, panels 7-8, which represent 

planes approximately 7-8pm beneath the surface at the apex of the cell, revealed 

possible fluorescent nuclear staining which appeared patchy. Finally, panels 9-12 

showed the fluorescence becoming increasingly faint towards the base of the cells. 

Although p53 may be located at the cell surface and also in the nuclear envelope, the 

unusual pattern of staining observed in the plane 7-8pm beneath the surface of the 

cell, possibly within the nuclei (Panels 7 and 8) was not indicative of surface staining 

and was not consistent with the results obtained in previous intra-cellular localisation 

studies of p53 in which nuclei were devoid of fluorescence. This staining pattern was 

only observed in 10% of the cells whereas the remaining cells showed very low levels 

of background fluorescence comparable with the levels observed in negative controls 

in which the cells were incubated with the secondary antibody only. There is a 

possibility that this unusual nuclear staining pattern may be caused by an artefact. The 

experiment was repeated and similar observations were obtained.

HeLa cells transfected with pSecTagA.p53 were also examined for cell surface p53 

expression. The confocal images revealed that p53 was located in numerous internal 

structures in the perinuclear region which may represent secretory vesicles in transit 

from the ER and Golgi body to the plasma membrane and into the cell exterior(Figure
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Figure 3.25 Immunofluorescence analysis of the cell surface expression of p53 in HeLa cells 48h 

after transient transfection with the construct pSecTagA.p53-TM. Transfected cells were fixed and 

labelled with a rabbit anti-human p53 polyclonal Ab. p53 was detected by secondary incubation with 

an anti-rabbit-FITC conjugated mAb. Cells were examined by CLSM and the digital confocal images 

recorded. Panels 1-12 represent a series o f optical sections (z-series) o f an identical field collected 

using the filter for FITC, at 1 .OpM intervals from the apex of the cell (1) through to the base (12). Panel 

13 represents a projection o f the images obtained in the z-series. Scale bar, 25pm.
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Figure 3.26 Immunofluorescence analysis of the cell surface expression of p53 in HeLa cells 48h 

after transient transfection with the construct pSecTagA.p53-DM[L Transfected cells were fixed 

and labelled with a rabbit anti-human p53 polyclonal Ab. p53 was detected by secondary incubation 

with an anti-rabbit-FITC conjugated mAb. Cells were examined by CLSM and digital confocal images 

recorded. Panels 1-12 represent a series o f optical sections (z-series) o f an identical field collected 

using the filter for FITC, at 1 .OpM intervals from the apex of the cell (1) through to the base (12). Panel 

13 represents a projection o f the images obtained in the z-series. Scale bar, 25pm.

106



Figure 3.27 Immunofluorescence analysis of cell surface expression of p53 in HeLa cells 48h after 

transient transfection with the vectors pSecTagA.p53 (A) and pSecTagA (B) and also 

untransfected cells (C). Transfected and untransfected cells were grown on coverslips for 48h and 

were subsequently fixed and labelled with a rabbit anti-human p53 polyclonal Ab. p53 was detected by 

secondary incubation with an anti-rabbit-FITC conjugated mAb (green label). Cells were examined by 

CLSM and digital confocal images were recorded. Scale bar, 25pm.
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3.27, Panel A). However, there was no prominent fluorescent ring present in the 

perinuclear region in comparison with cells transfected with pSecTagA.p53-TM and 

pSecTagA.p53-DMp. HeLa cells transfected with pSecTagA alone (Figure 3.27, 

Panel B) and untransfected cells (Figure 3.27, Panel C) were also analysed for the cell 

surface expression of p53. The confocal images of these negative controls revealed 

that there was no fluorescent staining of p53 at the cell surface or internally. The 

background staining in cells transfected with vector alone appeared to be higher 

compared with untransfected cells but was comparable with the negative controls in 

which cells were labelled with the secondary antibody only (data not shown).

Although the results obtained using immunofluorescence microscopy illustrated 

possible surface staining of p53 in cells expressing p53-TM and p53-DMp, they also 

illustrated possible intracellular staining just beneath the surface of these positive 

transfectants which was also observed in cells transfected with pSecTagA.p53, 

suggesting that the cells have become osmotically stressed thus causing slight 

permeabilisation and allowing antibody entry. Additional intracellular staining may 

lead to the inaccurate interpretation of data for cell surface analysis. To avoid the 

possibility of slight permeabilisation of the cells, a gentler approach to analyse cell 

surface expression o f p53 by immunofluorescence microscopy (method II) was 

adopted (see section 2.4.3.). This method aimed to reduce the osmotic stresses of cells 

by the use of a less stringent buffer and indirectly labelling cells with antibodies to 

detect p53 prior to their fixation. After 48-hours, the cells were labelled with the 

primary rabbit anti-human p53 antibody (diluted either 1:500 or 1:1000) followed by 

the secondary anti-rabbit antibody conjugated with FITC (diluted 1:200). The 

fluorescent secondary antibody was visualised using immunofluorescence microscopy 

and the cells were viewed and photographed at x 40 magnification. The 

photomicrographs revealed that the cells transfected with pSecTagA.p53-TM, 

pSecTagA.p53-DMp and pSecTagA.p53 did not show any fluorescence for p53 at the 

cell surface or internally (data not shown). The photomicrographs of cells transfected 

with pSecTagA alone and untransfected cells showed similar results. This experiment 

was repeated and the observations found to be reproducible.
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In addition HeLa cells transfected with pSecTagA.p53-TM were analysed by intra

cellular immunofluorescence microscopy to determine the intracellular location of 

p53-TM. The cells were transfected and 48-hours later were processed for 

intracellular immunofluorescence microscopy as before and examined by CLSM. The 

confocal images revealed that the fluorescent labelling for p53 in positive 

transfectants was particularly prominent in the perinuclear region, becoming more 

diffuse in the cell periphery (Figure 3.28, Panel B). The nucleus, however, was 

completely devoid of fluorescence. The distinct punctate vesicular staining for CD63 

was present (Figure 3.28, Panel A). Surprisingly the composite image revealed a few 

yellow areas in the perinuclear region due to the combination of the green (FITC) and 

the red signal (CY3), which possibly indicate areas in which p53 has co-localised with 

CD63 (Figure 3.27, Panel C). These intracellular fluorescent patterns suggested that 

p53 was located in the ER and were similar to those obtained for HeLa cells 

transfected with pSecTagA.p53-DMp and pSecTagA.p53.

3.3.10 Secretion o f  p53 by transfected HeLa Cells.

In earlier localisation experiments of p53-DMp, p53 and p53-TM expressed from 

pSecTagA in transfected HeLa cells (see sections 3.3.7 and 3.3.9), similar 

intracellular staining patterns of p53 were observed with high levels of fluorescent 

staining. Thus, it was necessary to find out if p53 was secreted from cells transfected 

with pSecTagA.p53, as expected, in comparison with p53-DMp and p53-TM 

expressed from pSecTagA, which in theory should be targeted to the lysosomes and 

membrane respectively, and not secreted from the cell. In order to detect the presence 

of p53 in cell secretions, a Western blot analysis of p53 in supernatants and 

corresponding lysates of HeLa cells transiently transfected with pSecTagB.p53- 

HisTag, pSecTagA.p53, pSecTagA.p53-DMp, pSecTagA.p53-TM and pSecTagA 

was carried out. The construct pSecTagB.p53-HisTag had previously been made (data 

not shown) with a view to synthesising recombinant p53 in preparation for future 

experiments related to this study. This construct was similar to pSecTagA.p53 as it 

also expressed p53 fused to the murine Ig k-chain leader sequence at the amino- 

terminus to allow for secretion and lacked the DMp signal peptide at the carboxyl- 

terminus. However, it differed slightly, as p53 was subcloned 52bp further
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Figure 3.28 Immunofluorescence analysis of the intracellular localisation of p53 and CD63 in 

HeLa cells 48h after transient transfection with the construct pSecTagA.p53-TM. After 48h 

transfectants were fixed, permeabilised and co-labelled with a rabbit anti-human p53 polyclonal Ab and 

a mouse anti-human CD63 mAb. p53 and CD63 were detected by secondary incubation with an anti- 

rabbit-FITC conjugated mAb (green label) and an anti-mouse-CY3 conjugated mAb (red label), 

respectively. Cells were examined by CLSM and digital images o f identical fields were obtained using 

filters for both CY3 (A) and FITC (B). The lower panel C represents a composite image o f A and B. 

Scale bar, 25p.m.

a

C
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downstream from LS in the BamRl-Xbal site and the stop codon was situated 

immediately after the polyhistidine tag sequence. Consequently p53 expressed from 

this vector was fused at the C-terminus to a peptide containing the myc epitope and 

six tandem histidine residues for detection and purification. This vector acted as a 

positive control in the detection of p53 in secretions from HeLa cells 48-hours after 

transfection with p53 constructs. In addition, Western blot analysis of p53 was 

performed on supernatants and corresponding lysates of HeLa cells previously 

transfected with pCR3.p53-DMp, pCR3.p53 and pCR3.

HeLa cells (2 x 106) were transiently transfected with the pSecTagA and pCR3 

constructs encoding p53 mentioned above, and 6-well plates were seeded with 3 x 

105transfectants/well in2mls of OPTI-MEM media. After 48-hours, supernatants were 

carefully removed from the wells, filtered with a 0.22pM filter and concentrated. The 

monolayer cells in each well were subsequently lysed by the addition of the sample 

buffer. Total supernatant concentrates were loaded onto the gel (10-30pl) whereas 

0.25 (15pl) and 0.5 (30pL) of the whole cell lysates for pSecTagA and pCR3 

transfectants, respectively, were loaded. The proteins were fractionated on a 10% 

polyacrylamide-SDS gel under reducing conditions, transferred to a nitrocellulose 

membrane and probed with the polyclonal p53 antibody diluted 1:1000. Proteins were 

detected by incubating with a horse radish peroxidase secondary antibody diluted 

1:2000 and visualised by chemiluminescence (Figures 3.29 and 3.30).

The immunoblot of p53 in supernatants collected from transfected HeLa cells (Figure 

3.29) indicated that p53 was only present in cell secretions from HeLa cells 

transfected with the constructs pSecTagA.p53 (Lane 3) and pSecTagB.p53-HisTag 

(Lane 2) as expected. p53 secreted from HeLa cells transfected with pSecTagB.p53- 

HisTag had a higher MW (61 kDa) than p53 secreted from cells transfected with 

pSecTagA.p53, which had MW of 54 kDa. This was due to the myc epitope and 

polyhistidine sequence fused at the carboxyl terminus of p53 in pSecTagB.p53- 

HisTag. Interestingly higher levels of p53 were secreted from cells transfected with 

pSecTagA.p53-HisTag compared with cells transfected with pSecTagA.p53. In 

contrast, p53 was not detected in supernatants collected from HeLa cells transfected 

with the remaining pSecTagA and pCR3 constructs encoding p53 (lanes 4,5,7 and 8)
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1 2 3 4 5 6 7 8

66 kDa 
61 kDa 
45 kDa

Figure 3.29 W estern Blot analysis of p53 in supernatants from HeLa cells transfected with 

constructs encoding p53. Supernatants were concentrated and proteins were analysed on a 10% 

polyacrylamide-SDS gel under reducing conditions and transferred to a nitrocellulose membrane. The 

membrane was incubated with 1:1000 dilution o f rabbit anti-human p53 polyclonal antibody followed 

by incubation with 1:2000 anti-rabbit horseradish peroxidase secondary antibody. Proteins were 

visualised by chemiluminescence. Lane (1) Control: Supernatant from cells transfected with 

pSecTagA. Lane (2) Supernatant from cells transfected with pSecTagB.p53-HisTag. Lane (3) 

Supernatant from cells transfected with pSecTagA.p53. Lane (4) Supernatant from cells transfected 

with pSecTagA.p53-TM. Lane (5) Supernatant from cells transfected with pSecTagA.p53-DM(3. Lane 

(6) Control: Supernatant from cells transfected with pCR3. Lane (7) Supernatant from cells transfected 

with pCR3.p53. Lane (8) Supernatant from cells transfected with pCR3.p53-DM|3.
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Figure 3.30 Western blot analysis of p53 expression in HeLa cells transfected with constructs 

encoding p53. HeLa cells were lysed, 48-hours after transient transfection, and proteins were analysed 

on a 10% polyacrylamide-SDS gel under reducing conditions and transferred to a nitrocellulose 

membrane. The membrane was incubated with 1:1000 dilution o f rabbit anti-human p53 polyclonal 

antibody followed by incubation with 1:2000 anti-rabbit horseradish peroxidase secondary antibody. 

Proteins were visualised by chemiluminescence. Lane (1) Control: lysates o f cells transfected with 

pSecTagA.neo. Lane (2) Lysates o f cells transfected with pSecTagB.p53-HisTag. Lane (3) Lysates of 

cells transfected with pSecTagA.p53. Lane (4) Lysates of cells transfected with pSecTagA.p53-TM. 

Lane (5) Lysates o f  cells transfected with pSecTagA.p53-DMp. Lane (6) Lysates of cells transfected 

with pCR3.neo. Lane (7) Lysates o f cells transfected with pCR3.p53. Lane (8) Lysates of cells 

transfected with pCR3.p53-DMp.
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suggesting that p53 was not secreted from these cells and thus may have reached its 

expected intracellular destination. p53 was not detected in the negative controls (lanes 

1 and 6), which were supernatants collected from HeLa cells transfected with 

pSecTagA and pCR3 alone. Cell secretions from untransfected HeLa cells were also 

analysed and did not contain p53 (data not shown).

Table 3.2 The calculated M W  of p53 proteins expressed in HeLa cells transfected with various 

constructs analysed by immunoblotting.

Lane Construct Expressed p53 Calculated MW 

(kDa)

2 pSecTagB.p53-HisTag p53-HisTag 61

3 pSecTagA.p53 p53 alone 54

4 pSecTagA.p53-TM p53-TM 58

5 pSecTagA.p53-DMp p53-DMp 60

7 pCR3.p53 p53 alone 51

8 pCR3.p53-DMp p53-DMp Non-detectable

The corresponding cell lysates were also analysed for p53 by immunoblotting. The 

immunoblot (Figure 3.30) showed that p53 was expressed at high levels by cells 

transfected with pSecTagA constructs encoding p53. The different MW of p53 

proteins expressed by the cells due to the presence or absence of various amino-acids 

fused at the C-terminus of p53 are displayed in Table 3.2 and correspond to the MW 

of proteins detected on the immunoblot. Interestingly, the MW of p53 (54 kDa) 

expressed from pSecTagA was slightly higher than the MW of p53 (51 kDa)
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expressed by pCR3. This may reflect possible glycosylation of p53 expressed from 

pSecTagA which has traversed the ER and Golgi body in contrast to p53 expressed 

from pCR3 which is located in the nuclei. However, the immunoblot revealed that the 

levels of p53 and p53-DM(3 expression from pCR3 constructs in transfected cells 

were low (Lane 7) and non-detectable (Lane 8), respectively. This is consistent with 

the very low transfection efficiencies of HeLa cells obtained previously with these 

constructs. Together these results confirmed that only a very small proportion of 

HeLa cells transfected with the pCR3 constructs express p53 and p53-DMp. p53 was 

not detected in the negative controls which were lysates of cells transfected with 

pSecTagA and pCR3 alone (Lanes 1 and 6). In addition, p53 was not present in 

lysates of untransfected HeLa cells (data not shown).

3.3.11 Assessment o f  apoptosis in HeLa cells following transfection with DNA 

constructs encoding p53.

Stabilisation and transient accumulation of wild-type transcriptionally active p53 in 

the nucleus leads to cell cycle arrest or apoptosis (reviewed in Levine, 1997). Thus, 

additional experiments were performed to assess apoptosis in HeLa cells 48-hours 

after transfection with the aforementioned constructs. The cells were stained with 

Annexin V-FITC and propidium iodide and analysed by cytofluorimetry as described 

in chapter two. Data are shown as cytograms with the log of Annexin V-FITC 

fluorescence displayed on the x-axis and the log of PI fluorescence on the y axis. Five 

thousand cells are displayed on each cytogram. Viable cells do not bind Annexin V- 

FITC and exclude propidium iodide and will be found in the lower left quadrant of the 

dot plot. Early apoptotic cells bind Annexin V-FITC but exclude propidium iodide 

and would be found in the lower right quadrant and finally necrotic or apoptotic cells 

in terminal stages would be found in the upper right quadrant.

The results demonstrated that none of the transfectants were exhibiting apoptosis 

above spontaneous levels (Figures 3.31 and 3.32). Although p53 encoded by the 

constructs, originally cloned from MCF-7 cells, is wild-type and transcriptionally 

active, none of the transfectants exhibited levels of apoptosis higher than spontaneous 

levels. However, the constructs have been designed to redirect p53 from the nuclei to
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the lysosomal compartment, the membrane or allow p53 to be secreted from the cell 

and thus the transfectants would not exhibit p53-induced apoptosis. Surprisingly the 

cells transfected with pCR3.p53 also exhibited low levels of apoptosis. Cells 

transfected with this control construct were expected to express p53 at high levels in 

the nuclei which in theory would result in p53-induced apoptosis. However, the 

unexpected low levels are possibly a reflection of the low transfection efficiency of 

only 1-3% achieved in these cells as illustrated previously by intracellular 

immunofluorescence analysis of p53 expression and also by Western blot analysis of 

the cell lysates which showed low detectable levels of p53. Therefore, the low number 

of positive transfectants would not have caused a significant increase in the number of 

apoptotic cells which has been demonstrated in this experiment.
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Figure 3.31 Assessment of apoptosis in HeLa cells transfected with pCR3, pCR3.p53 and 

pCR3.p53-DM P after 48-hours. Cells were stained with annexin V-FITC and propidium iodide (PI) 

and analysed by cytofluorimetry.
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Figure 3.32 Assessment of apoptosis in HeLa cells transfected with pSecTagA, pSecTagA.p53, 

pSecTagA.p53-DMP and pSecTagA.p53-TM after 48-hours. Cells were stained with annexin V- 

FITC and propidium iodide (PI) and analysed by cytofluorimetry.
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3.4 Discussion

Initial experiments described in this chapter utilised the mammalian expression vector 

pCR3 to determine the location of p53-DMp in the absence of an amino-terminal 

signal sequence. Immunofluorescence analysis, however, revealed that only 1-3% of 

HeLa cells were positively transfected. Similarly, a low transfection efficiency was 

observed in HeLa cells transfected with the construct pCR3.p53. p53-DMp and p53 

were located in the cytosol and nuclei, respectively, with the remaining cells 

completely devoid of fluorescence. The low number of cells expressing p53-DMp and 

p53 may reflect the fact that the human cervical carcinoma cell line, HeLa, contains 

viral genes from the oncogenic HPV type 18 which encodes the oncoproteins E6 and 

E7 (Yee et al., 1985). There is evidence that the E6 proteins from this viral isotype 

bind p53 and stimulate its degradation. The E6-promoted degradation of p53 is ATP 

dependent and involves the ubiquitin-dependent protease system (Scheffher et al., 

1990; Wemess et al., 1990). Consequently, wild-type p53 normally expressed by 

HeLa cells is unable to stabilise and function as a tumour suppressor protein due to its 

inactivation by E6 which contributes to the immortalisation of these cells. This was 

confirmed by intracellular immunofluorescence and Western Blot analyses described 

in this chapter which were unable to detect p53 in untransfected HeLa cells and HeLa 

cells transfected with vector alone. Furthermore, assessment of apoptosis in cells 

transfected with pCR3.p53 in which p53 was expected to be expressed at high levels 

in the nuclei resulting in apoptosis, revealed that apoptosis was not induced in these 

cells suggesting that p53 had been inactivated or degraded. Although some cells were 

expressing p53 in the nuclei as indicated by immunofluorescence analysis, the levels 

of apoptosis were not detected due to such low numbers of positive cells. Thus, it can 

be concluded that p53-DMp and p53 expressed from the constructs pCR3.p53-DMp 

and pCR3.p53, respectively, in transfected HeLa cells have probably been degraded 

due to the presence of the viral oncoprotein E6. This was also confirmed by Western 

Blot analyses which revealed very low or non-detectable levels of p53-DMp and p53 

in transfected cells. The small percentage of cells that are expressing p53-DMp and 

p53 have possibly escaped degradation due to their overexpression. Interestingly, 

Hamada et al (1996) demonstrated that the wild-type p53 gene transfected into HeLa 

cells via the recombinant adenoviral vector, AdCMV-p53, resulted in a high
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proportion of the cells expressing high levels of p53 together with a significant 

decrease in the growth rate as detected by both cell count and [3H]thymidine 

incorporation assay. Thus, the adenoviral vector which contained the CMV promoter 

was capable of mediating high levels of p53 expression which apparently were 

sufficient to overcome the capabilities of the endogenous E6 to bind the protein. In 

this study, however, electroporation of cells with the pCR3 constructs, which also 

contained the potent CMV promoter, was incapable of overcoming the inactivation of 

E6 and consequently failed to yield high proportions of cells overexpressing p53.

More importantly, these initial experiments did not reveal co-localisation of p53-DMp 

with the endogenous lysosomal protein CD63, but instead revealed a possible 

cytosolic staining pattern in the small numbers of HeLa cells positively transfected 

with pCR3.p53-DMp, at 24 and 48-hours post transfection. The steady state 

accumulation of this chimeric protein in the cytosol is a reflection of the inability of 

p53-DMp to gain access to the ER and hence the lysosomal compartments due to the 

absence of an amino-terminus signal sequence. Lysosomal proteins, such as HLA- 

DM, CD63, and also ER, Golgi, membrane and secretory proteins, must first enter the 

ER via an ER-translocation process before they traffic to their respective destinations. 

The translation of these proteins is initiated on cytosolic ribosomes and the first 

protein sequence to emerge from the ribosome contains a short hydrophobic amino- 

terminal signal sequence (Rapaport et al. 1996). The nascent polypeptide chain is then 

recognised by a 54kDa protein complex called the signal recognition particle (SRP). 

The binding of cytosolic SRP to the ribosome-bound polypeptide targets the complex 

to the ER membrane, where the signal sequence is inserted into an aqueous 

translocation pore, or translocan. Protein synthesis on membrane-bound ribosomes 

continues and once completed the ribosome and SRP dissociate from the ER 

membrane. For soluble proteins and type I transmembrane proteins (which possess a 

C-terminal transmembrane domain), the signal sequence is cleaved off by a lumenal 

signal peptidase (reviewed in Roche, 1999). In contrast, p53, is a nuclear protein and 

like cytosolic and mitochondrial proteins does not contain an amino-terminal signal 

sequence. These proteins are translated in the cytosol bound to free ribosomes and 

consequently do not translocate the ER. Therefore, the absence of the amino-terminal 

signal sequence in the chimeric protein p53-DMp expressed from the pCR3 construct

120



Chapter Three

has prevented translocation across the ER membrane and subsequent trafficking to the 

lysosomal compartment via its YTPL peptide motif.

However, there is evidence that endogenous proteins can access the MHC class II 

pathway in APCs by three other mechanisms which are described in chapter one. The 

first mechanism may involve class II molecules becoming occupied with peptides in 

the ER which is referred to as class II molecules hijacking the class I pathway 

(Lechler et al. 1996). The second mechanism involves the binding of partially 

unfolded proteins to nascent MHC class II molecules in the ER (Anderson et a l 1993; 

Busch et al. 1996; Lechler et al. 1996). HeLa cells, however, do not normally express 

MHC class II molecules and thus the uncharacteristic binding of p53-DM(3 and MHC 

class II molecules in the ER would not have occurred in this system. Finally, a third 

mechanism which is more feasible involves cytosolic proteins entering 

lysosomes/MIICs by a process such as microautophagy or as a result of transport by 

cytosolic heat shock proteins. Microautophagy encompasses the internalisation of 

small portions of cytoplasm and limiting membrane by these compartments. In APCs 

the integrity of the internal vesicles can be destroyed by proteolysis resulting in 

cytosolic and membrane derived peptides being bound to class II molecules (Liou et 

al., 1997). Thus, there is a possibility that p53-DMp which has accumulated to high 

levels in the cytosol, has entered the lysosomes via microautophagy or cytosolic heat 

shock proteins. This phenomenon may provide an explanation for the very few areas 

of co-localisation of p53-DMp with CD63. However, this is not a suitable mechanism 

of ensuring that the majority of p53-DMp expressed enters the lysosomal 

compartment. Alternatively, the areas where the green label has overlapped with the 

red label may not represent areas of co-localisation, but instead may represent areas 

where intense cytosolic staining of p53-DMp has overlapped with lysosomal staining.

Although the signal motif YTPL has not targeted p53-DMp to the lysosomes due to 

the absence of an amino-terminal signal sequence, it has prevented the expression of 

p53 in the nuclei as demonstrated by its accumulation in the cytosol with concomitant 

nuclear exclusion. Before the possibilities for this subcellular location are discussed, it 

is important to note that p53 is spatially regulated during the cell cycle and contains 

signal sequences for nuclear import and export which may contribute to the
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subcellular localisation of p53 (Middeler et al., 1997). Three nuclear localisation 

signals (NLS), which mediate nuclear import, are clustered at the C-terminus 

(Shaulsky et al., 1990a) and there is recent evidence of a highly conserved leucine- 

rich nuclear export signal (NES) located in the tetramerisation domain (Stommel et 

al., 1999). In normal unstressed cells p53 is predominantly nuclear in G1 and is 

largely cytoplasmic during S and G2 (Shaulsky et al., 1990b; David-Pfeuty et al., 

1996) consistent with its role as a mediator of G1 checkpoints. In response to stress, 

however, p53 is stabilised and retained in the nucleus where it induces an expression 

of genes involved in cell cycle arrest or apoptosis. In addition, the protein, MDM2, is 

transcriptionally induced (Barak et al., 1993) which is capable of blocking the activity 

of p53 as a transcription factor and also targeting it for ubiquitinylation and 

subsequent degradation in the cytoplasmic proteasome. Therefore, MDM2 and p53 

are predicted to form an autoregulatory feedback loop in which p53 limits its own 

activity through the production of MDM2 (Wu et al., 1993). This autoregulatory 

feedback loop, however, can be modulated to allow p53 to become stabilised and 

active as a transcription factor following DNA damage (Shieh et al., 1997). MDM2 

also contains a NES which may be responsible for the nuclear export of p53. Stommel 

et al. (1999), however, have postulated that p53 is capable of nuclear export via its 

own NES situated in the tetramisation domain independently of MDM2 and also the 

attenuation of p53 function involves the conversion of tetramers into monomers or 

dimers, in which the NES is exposed to the proteins which mediate their export to the 

cytoplasm.

Due to these complex mechanisms involved in the regulation of the levels and 

subcellular location of p53, it is difficult to predict how the YTPL signal motif has 

affected the location of p53-DMp expressed from pCR3 in transfected HeLa cells. 

However, a few possibilities are now discussed. The presence of YTPL may abrogate 

the effect of the NLS and prevent translocation of p53 into the nucleus or it may 

enhance nuclear export via the NES. Alternatively, the C-terminal attachment of the 

DMp transmembrane region and cytoplasmic tail may cause nonconformational 

changes in the quaternary structure of the p53 which interfere with its translocation to 

the nucleus. Furthermore, these additional amino acids may inhibit or hinder tetramer 

formation which is essential for DNA binding and transactivation of p53 (Hupp and
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Lane, 1994; McLure and Lee, 1998) resulting in monomeric p53 with an exposed 

NES and subsequent enhanced exportation to the cytoplasm (Stommel et al., 1999). 

However, Norris and Haas (1997) demonstrated that normal p53 functions and 

conformation are unaffected by the C-terminal attachment of GFP. Finally, the DMp 

region appended to p53 contains a hydrophobic transmembrane region situated at the 

carboxyl terminus which may cause an abnormal association with membranes of 

organelles such as the ER, Golgi. The insertion of transmembrane regions of proteins 

into membranes, however, normally occurs during ER translocation of nascent 

polypeptide chains containing an amino-terminus signal sequence as mentioned above 

and thus the anchorage of p53-DMp to internal membranes via its transmembrane 

region without this translocation process seems an unlikely occurrence. 

Unfortunately, these hypotheses have not shed any light on how the presence of DMp 

fused at the C-terminus of p53 causes abnormal sequestration of p53-DMp with 

concomitant nuclear exclusion.

In contrast, p53 in the absence of the YTPL sequence, was located in the nuclei as 

detected by immunofluorescence analysis of HeLa cells transfected with the control 

construct pCR3p53. In a small number of transfectants, p53, which had overcome the 

degradation effects of E6, became stabilised and was located in the nuclei probably in 

response to the aberrant replication of DNA exhibited by the rapidly proliferating 

HeLa cells.

From these experiments which utilised the pCR3 vector, it was concluded that p53- 

DMp had accumulated in the cytosol by virtue of the YTPL sequence in the absence 

of an amino-terminal signal sequence. A second series of experiments was performed 

to determine whether p53-DMp had been targeted to the lysosomal compartment in 

the presence of an amino-terminal signal sequence. The vector pSecTagA was utilised 

which contains such a sequence termed the leader sequence (LS). Control pSecTagA 

constructs were also designed for use in these experiments which were predicted to 

guide p53 to the membrane or to result in its secretion.

In theory, the presence of the LS and the hydrophobic transmembrane region of DMP 

at the C-terminus will enable p53-DMp, expressed from pSecTagA, to translocate the
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ER and anchor itself to the membrane causing the protein to assume an orientation 

with p53 facing the lumen and the cytoplasmic tail of DMp containing YTPL facing 

the cytosol. The high levels of protein indicated by the intense immunofluorescent 

staining and Western blot analysis suggest that p53-DMp is not present in the cytosol 

where it would be degraded, mediated by the E6 oncoprotein and thus has 

translocated the ER successfully and anchored itself to the membrane. In addition 

immunofluorescence and Western blot analysis of HeLa cells transfected with 

pSecTagA.p53-DMp revealed that the transfection efficiency was 40%, considerably 

higher than the efficiencies achieved using the pCR3 constructs. These data confirm 

that p53-DMp has not been degraded and, therefore, is not situated in the cytosol. 

However, it is difficult to determine the exact location of p53-DMp which appears to 

be located in the ER and Golgi body. Although the fluorescent labelling of p53 is not 

indicative o f punctate lysosomal staining there are some areas of co-localisation with 

the lysosomal marker, CD63, in the perinuclear region.

For proteins to traverse the biosynthetic pathway, it is essential that they undergo 

correct folding and in some cases oligomerisation. As already mentioned, tetramer 

formation is essential for DNA binding and transactivation of p53. The tetramisation 

domain which is situated at the C-terminus of p53, would be situated near the 

transmembrane region of p53-DMp at the lumen side of the membrane in the ER. 

Normally p53 is soluble in the nuclei and cytoplasm where it assembles as a tetramer. 

However, p53-DMp expressed from pSecTagA will be anchored to the ER membrane 

following translocation and the formation of the tetramer may cause unfavourable 

steric effects which may hinder its transport to the lysosomes. In addition p53-DMp 

may be misfolded or misassembled. Both events would result in the retention of this 

chimeric protein in the ER and ultimately its degradation (Hurtley & Helenius, 1989). 

However, from the high levels of p53-DMp detected by immunofluorescence and 

Western blot analyses in this study there is no indication that p53-DMp expressed 

from pSecTagA has been degraded. Alternatively, p53-DMp may not oligomerise in 

the ER in which case it would be targeted to the lysosomes as a monomer. Therefore, 

it is probable that p53-DMp has trafficked through the biosynthetic pathway either as 

a monomer or tetramer.
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p53-DMp is constitutively expressed up to 72h after transient transfection due to the 

potent CMV enhancer-promoter sequence present in pSecTagA which results in its 

high level expression. There is evidence that proteins containing tyrosine- and di

leucine-based signal which are overexpressed, accumulate at the cell surface owing to 

increased movement to the surface through the constitutive secretory pathway 

(“default” pathway) by virtue of saturation of intracellular binding sites (Uthayakumar 

& Granger, 1995; Warren et al., 1997). In addition Copier et aL( 1996) have proposed 

that HLA-DM could access the endocytic pathway via internalisation from the cell 

surface. However, due to the possible saturation of intracellular binding sites p53- 

DMp may not internalise and remain at the cell surface. Therefore, it was necessary to 

investigate cell surface expression of p53. The construct, pSecTagA.p53-TM was 

engineered to guide p53 to the plasma membrane and served as positive control in the 

following experiments for cell surface analysis. There was some evidence of surface 

staining observed in cells transfected with pSecTagA.p53-TM using 

immunofluorescence microscopy (method I). In contrast, cells transfected with 

pSecTag.A.p53-DMp showed very little evidence of cell surface staining of p53. 

Some intracellular staining observed in both transfectants suggested these results may 

be obscured because of partial permeabilisation of the cells due to osmotic stress. 

However, further analyses of cells transfected with pSecTagA.p53-TM and 

pSecTagA.p53-DMp using the gentler approaches, cytofluorimetry and 

immunofluorescence microscopy (method II), revealed that staining for p53 was not 

evident at the cell surface. Failure to detect p53 may have been due to the lack of 

sensitivity of these procedures. Alternatively, p53-DMp or p53-TM may not be 

expressed at the cell surface due to the retention of these proteins in the ER which 

may have misfolded or assembled incorrectly as oligomers. A more sensitive 

application which will not subject the cells to osmotic stresses may provide more 

convincing evidence of p53 expression at the cell surface. Furthermore subcellular 

fractionation may determine whether cell surface expression of p53 has occurred. 

Interestingly, pSecTagA.p53-TM could potentially gain access to the MHC class II 

pathway via internalisation following surface expression and subsequent association 

with MHC class II molecules. Thus, future experiments could analyse CD4+ T-cell 

proliferative response to autologous DC transfected with this construct.
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Finally to ensure that p53 is capable of traversing the biosynthetic pathway, control 

constructs, pSecTagA.p53 and pSecTagB.p53-His, were designed to allow p53 to 

follow the constitutive secretory pathway resulting in its secretion. Western blot 

analysis revealed that p53 was present in the supernatants collected from cells 

transfected with these constructs and but was not detected in supernatants from HeLa 

cells transfected with pSecTagA.p53-DMp, pSecTagA.p53-TM and pSecTagA. This 

confirmed that p53 was capable of traversing the ER and Golgi body and had not been 

degraded. As in the case of pSecTagA.p53-TM, pSecTagA.p53 could also potentially 

gain access to the MHC class II pathway via secretion and subsequent endocytosis by 

DC. To investigate this, future studies could analyse CD4+ T-cell proliferative 

responses to autologous DC transfected with this construct.

In summary, the results described in this chapter highlight the difficulty in targeting 

the nuclear protein, p53, to the lysosomal compartment. However, it can be concluded 

that p53-DMp has probably trafficked to the lysosomes via the YTPL signal motif in 

the presence o f the LS but due to the overexpression of the protein, the intense 

staining of p53-DMp in the biosynthetic pathway has masked lysosomal staining. 

Comparative analysis with control constructs has also provided evidence that 

localisation to the lysosomes has probably occurred. Subcellular fractionation could 

provide further evidence but time constraints prevented this strategy being pursued.
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3.5 Future Work

• Perform subcellular fractionation of HeLa cells transfected with 

pSecTagA.p53-DMp, pSecTagA.p53, pSecTagp53-TM, pSecTagA, followed 

by Western blot analysis of cell fractions, to confirm that p53-DMp and p53- 

TM have been targeted to the lysosomal compartment and plasma membrane, 

respectively.

• Determine whether p53-DMp has been transported as a tetramer or monomer 

by Western blot analysis using non-reducing conditions.

• Repeat intracellular immunofluorescence analyses of p53-DMp and p53 using 

an alternative cell-line, which is easily transfected with plasmid DNA, only 

expresses p53 at low non-detectable levels and does not contain proteins that 

affect the expression of p53.

• Select a more sensitive method for the detection of p53 at the cell surface and 

repeat cell surface analysis of p53 expression.

• Select another tumour antigen known to be over expressed in breast cancer, 

preferably one that normally traverses the biosynthetic pathway as a 

membrane protein such as the proto-oncogene HER-2/neu, and target it to the 

lysosomes utilising the signal motif YTPL from DM.

• Transfect DC with pSecTagA.p53-DMp, pSecTagA.p53-TM and 

pSecTag.A.p53 and subsequently compare CD4+ T-cell proliferative responses 

to p53, targeted to the different compartments of the cell, in order to establish 

which construct provides optimal access to the MHC class II pathway.
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Chapter Four

4.1 Introduction

As discussed in chapter one, DC are the most potent professional APC of the immune 

system with the capacity to acquire and process antigen, migrate to lymphoid organs 

and stimulate antigen-specific T cells to proliferate (reviewed in Steinman 1991; 

Banchereau & Steinman 1998). Recent identification of in vitro conditions in which 

DC can be generated from PBMC by culturing progenitor cells in the presence of 

GM-CSF and IL-4 (Sallusto et al., 1994; Romani et al., 1994) has led to the potential 

use of DC therapeutically as adjuvants for immunisation. Evidence has shown that 

tumours in murine models are reduced in size following immunisation with DC 

genetically modified with tumour antigens (Song et al., 1997; Specht et al., 1997). 

More importantly, immunisation with antigen-pulsed DC has been reported in 

melanoma, cervical cancer and lymphoma patients (Nestle et al., 1998; De Brujin et 

al., 1998; Hsu et al., 1996). Due to the ready availability of cultured DC and the 

growing evidence of their capacity to stimulate potent and antigen-specific antitumour 

immunity, DC will be utilised in this vaccine strategy to express a known breast 

tumour antigen, the tumour suppressor protein p53 to enhance CD4+ T-cell responses.

DC pulsed with recombinant protein or peptides may not be ideal in the clinical 

setting due to the difficulty in producing large quantities of protein. The use of nucleic 

acids as the form of antigen loaded onto DC would overcome these practical 

limitations as the technology exists to synthesise sufficient quantities of DNA/RNA 

encoding defined tumour antigens at ease. In addition, this approach does not require 

definition of antigenic peptides sequences and avoids the complication of HLA 

haplotype preferences for antigen presentation. Thus, the ultimate aim of this strategy 

is to transfect DC with cDNA encoding p53, engineered to traffic to the MHC class II 

antigen processing pathway. It is necessary, however, to establish the optimal DNA 

transfection conditions of DC prior to these experiments. Although the use of viral 

vectors may be more efficient for gene transfer into DC (Brossart et al., 1997; Reeves 

et al., 1996) their therapeutic use entails many problems (Feigner et al., 1997). 

Patients generate an immune response to the viral proteins leading to neutralising
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antibodies that limit effective repeated application of recombinant viruses. Some viral 

vectors may disrupt the DNA of the cells they infect with potentially harmful results. 

Also insertion of foreign DNA into the genome may occur, raising the risk of 

integration into a critical cellular gene. Furthermore, weakened viruses can 

conceivably change inside the body and regain their pathogenic activity. None of 

these potential drawbacks, however, are associated with non-viral techniques making 

them a suitable choice for the transfection of DC with subsequent therapeutic 

applications. Thus, experiments performed in this chapter sought to establish optimal 

conditions, for the transfer of DNA into DC using a variety of nonviral methods 

which are currently available.

An alternative to DC vaccines loaded with DNA-based antigens are RNA-transfected 

DC. A potentially significant advantage of using RNA-encoded antigens is safety. 

The half-life of stable mRNA species in the mammalian cell is less than 24-hours, 

whereas unintegrated DNA can persist and function in non-dividing cells for extended 

periods of time (Gilboa., 1998). Thus, a safer approach would be to transfect DC with 

RNA transcripts encoding the chimeric protein p53-DMp. Experiments in this chapter 

also sought to synthesise GFP RNA transcripts by IVT, followed by transfection 

experiments of DC and HeLa cells with such transcripts.
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4.2 Methods

4.2.1 Generation o f DC from peripheral blood

Dendritic cells were generated as described by Romani et al. (1994). Briefly PBMC 

from healthy donors (see section 2.3.2) were resuspended in serum-free complete 

RPMI 1640 and allowed to adhere to 6-well plates (1 x 107/3ml per well). After 2- 

hours at 37°C, non-adherent cells were gently removed and the adherent cells cultured 

in complete RPMI + 5% FCS supplemented with recombinant human GM-CSF (800 

U/ml) and IL-4 (500 U/ml) (DC complete medium). Every 2 days, 1ml of spent 

medium was replaced by 1.5ml of fresh medium containing 1600U/ml GM-CSF and 

lOOOU/ml IL-4 to give final concentrations of 800U/ml and 500U/ml, respectively.

4.2.2 IV T o f GFP

A 732bp Notl fragment encoding the entire ORF for GFP was excised from pGL and 

cloned in the sense orientation into the Notl site of pCR3. Similarly, a 732bp Notl 

fragment encoding the entire ORF for GFP was excised from pGL and cloned in the 

sense orientation into the Notl site of pCITE-4b. The resulting constructs were 

designated pCR3.GFP and pCITE.GFP, respectively and were utilised as templates 

for the synthesis of GFP transcripts. Prior to IVT, pCR3.GFP was linearised 

downstream of the BGH polyadenylation signal using the restriction endonuclease 

Spel whereas pCITE.GFP was linearised downstream of poly A sequence using the 

restriction endonuclease AfUll. Refer to section 2.2J6 for details of IVT.

4.2.3 Transfection o f  DC with GFP RNA transcripts using DOTAP transfection 

reagent.

DC were transfected with GFP RNA transcripts using the cationic lipid, DOTAP 

(Roche Ltd.), according to the protocol described by Boczkowski et al. (1996). 

Briefly, immature DC were harvested on day-7 of culture, resuspended in OPTI- 

MEM medium at 2 x 106 cells/ml and added to polypropylene tubes (Falcon). RNA 

(5pg in 500pl OPTI-MEM medium) and DOTAP (0, 10pg DOTAP in 500pl) were 

mixed in tubes at room temperature for 20 minutes. The complex was added to the
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DC in a total volume of 2ml and incubated at 37°C with occasional agitation for 3- 

hours. The cells were washed and after 48-hours of incubation at 37°C, GFP 

expression was examined by epifluorescence using the Nikon diaphot microscope and 

photographed on Kodak ASA 400 colour film.

4.2.4 Transfection o f  HeLa cells with GFP RNA transcripts using Effectene 

Transfection Reagent

Transfection of in vitro transcribed GFP into HeLa cells using Effectene Reagent 

(Qiagen Ltd.) was performed according to the protocol described by Sugie et al. 

(1999). Briefly, the day before transfection, 24-well plates were seeded with 7 x 

104cells/well in 1ml of DMEM + 10% FCS to provide a confluence of 40-80% on the 

day of transfection. The following day GFP RNA (l.Opg), which had been previously 

in vitro transcribed from the linear DNA templates pCR3.GFP and pCITE.GFP, was 

diluted with Buffer EC to a total volume of lOOpl in polypropylene tubes. Diluted 

RNA was mixed with 0-4pl Enhancer and incubated at room temperature for 3 

minutes. Effectene Reagent (0-4pl) was added to the RNA solutions, incubated for 10 

minutes to allow Effectene-RNA formation. After removing the medium, the 

complexes were added to the HeLa cells. Fresh complete medium (200pl) was 

immediately added to the cells, and a further 1ml complete was added to the cells 2- 

hours after transfection. After 48-hours of incubation at 37°C, GFP expression was 

examined by epifluorescence using the Nikon diaphot microscope and photographed 

on Kodak ASA 400 colour film.

HeLa cells were also transfected with 0.4pg pGL using 1 O jliI  Effectene and 3.2pl 

Enhancer and served as positive controls in the RNA transfection experiments. The 

protocol was identical to that of the RNA transfection of HeLa cells outlined above.

4.2.5 Transfection o f  HeLa cells with GFP RNA transcripts using DOTAP Liposomal 

Transfection Reagent

Transfection of in vitro transcribed GFP into HeLa cells using DOTAP Reagent was 

performed according to the manufacturer’s instructions (Roche Ltd). Briefly, the day 

before transfection, 6-well plates were seeded with 1 x 105 cells/well in 2ml of
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complete medium to provide a confluence of 40-80% on the day of transfection. GFP 

RNA (2.5pg), which had been previously in vitro transcribed from the linear DNA 

templates pCR3.GFP and pCITE.GFP, was diluted to a final volume of 25pi with 

20mM Hepes buffer (pH 7.4) in polypropylene tubes. In separate tubes 0, 5, 10, 15, 

20, 25pl DOTAP was diluted to final volumes of 50pl. Diluted RNA was transferred 

to diluted DOTAP solutions, mixed by gentle pipetting and incubated at room 

temperature for 10-15min. The DOTAP/RNA mixtures were added directly to the 

cultures and gently mixed by rocking the plates. DC were incubated for 6-hours at 

37°C, followed by the replacement of medium with fresh culture medium. After 48- 

hours of incubation at 37°C, GFP expression was examined by epifluorescence using 

the Nikon diaphot microscope and photographed on Kodak ASA 400 colour film.

HeLa cells were also transfected with pGL using DOTAP and served as positive 

controls for the RNA transfection experiments. The DNA transfection protocol was 

identical to that of the RNA transfection outlined above. The only difference being in 

vitro transcribed RNA was replaced with plasmid DNA.

4.2.6 Transfection o f  HeLa cells with GFP RNA transcripts by electroporation

Hela cells were transiently transfected with in vitro transcribed GFP RNA by 

electroporation using the Bio-Rad Gene Pulser. Exponentially growing HeLa cells 

were harvested using Trypsin-EDTA, washed twice with serum-free DMEM, and 

resuspended in the same medium at 5.0 x 106 cells/ml. GFP RNA (5pg) was added to 

a 4 mm cuvette, 400pl of the cell suspension added and the cuvette immediately 

subjected to a single voltage pulse. Electroporation was performed at 960pF, 0.30kV 

and the cells were transferred immediately to 80cm2 flasks. After 48-hours of 

incubation at 37°C, GFP expression was examined by epifluorescence using the 

Nikon diaphot microscope and photographed on Kodak ASA 400 colour film.

HeLa cells were also transfected by electroporation with pGL and served as positive 

controls for the DC transfection experiments. Refer to section 2.3.3 for details.
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DC were transiently transfected with pGL by electroporation using the Bio-Rad Gene 

Pulser. Immature DC, generated as described above, were harvested on day-7 of 

culture, washed twice with serum-free RPMI, and resuspended in the same medium at 

1.25 x 106 cells/ml. Plasmid DNA (10pg) was added to a 4mm cuvette, 400pl of the 

cell suspension added (5 x 105 cells in total) and the cuvette immediately subjected to 

a single voltage pulse. Electroporation volume and DNA quantity was kept constant at 

400pl and lOpg throughout the experiments. Following transfection, cells were 

immediately resuspended in 1.5ml of media and transferred to 24-well plates. In 

addition, transfections were also performed in the presence of 40pM chloroquine 

(Sigma). After 24- and 48-hours incubation at 37°C, GFP expression was examined 

by epifluorescence using the Nikon diaphot microscope and photographed on Kodak 

ASA 400 colour film.

HeLa cells were also transfected by electroporation with pGL and served as positive 

controls. Refer to section 2.3.3 for details.

4.2.8 Transient transfection o f  DC by lipofection using DMRIE-C

Transfection of DC by the DMRIE-C reagent (GIBCO BRL) was performed 

according to Ciccarone et al. (1996). Briefly, varying amounts of DMRIE-C (0, 2, 4, 

6, 10pg) in 0.25ml OPTI-MEM were added to each well of a 24-well plate. After 30 

minutes at room temperature, 0.25ml of OPTI-MEM containing 1 pg of DNA (pGL) 

was added to the wells containing lipid reagent and incubated 15 minutes at room 

temperature to allow formation of lipid-DNA complexes. On day-7 of culture,

immature DC were harvested and 0.1ml of a cell suspension containing 1 x 106 cells

in OPTI-MEM was added to each well. Cells were incubated for 4-hours at 37°C, 

followed by the addition of 1ml of DC complete media. In addition, transfections 

were also performed in the presence of 40pM chloroquine. After 24- and 48-hours 

incubation at 37°C, reporter GFP expression was examined by epifluorescence using 

the Nikon diaphot microscope and photographed on Kodak ASA 400 colour film.
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HeLa cells were also transfected with pGL using DMRIE-C reagent according to the 

manufacturer’s instructions and served as positive controls.

4.2.9 Transient transfection o f DC using the polycation Superfect

Transfection of DC using Superfect (Qiagen Ltd.) was performed according to Dr 

Carstens (personal communication, 1999). Immature DC were harvested on day-7 of 

culture and 24-well plates were seeded with 5 x 105 cells/well in 50pl of serum-free 

RPMI. Serum and antibiotic-free RPMI (50pl) containing Superfect (5pg or 8pg) was 

added to 50 pi of serum and antibiotic-free RPMI containing lpg of DNA (pGL) and 

mixed by pipetting up and down 5 times. The samples were incubated for 5-10 

minutes at room temperature to allow complex formation. The transfection complexes 

were added to the cells in 24-well plate, the samples were gently swirled and 

incubated for 30 minutes at 37°C. DC complete media (1ml) was added and DC were 

incubated for 6-hours. The media was removed and replaced with 1.5ml of complete 

DC media. In addition, transfections were also performed in the presence of 40pM 

chloroquine. After 24- and 48-hours of incubation at 37°C, GFP expression was 

examined by epifluorescence using the Nikon diaphot microscope and photographed 

on Kodak ASA 400 colour film.

HeLa cells were also transfected with pGL (2pg) using Superfect (0, 4, 10, 20pl) and 

served as positive controls in the DC transfection experiment. Briefly, the day before 

transfection, 6-well plates were seeded with 1.5 x 105 cells/well in 2ml of complete 

DMEM + 10% FCS. The transfection was performed according to the manufacturer’s 

instructions.

4.2.10 Transient transfection o f DC using the transfection reagent Effectene

Transfection of DC with pGL using Effectene was performed according to the 

manufacturer’s protocol (Qiagen Ltd.). Immature DC were harvested on day-7 of 

culture and 6-well plates were seeded with 6.75 x 105 cells/well in 1.6ml of DC 

complete media. DNA (0.4pg) was diluted in 96pl buffer EC, followed by the 

addition of 3.2pl Enhancer. After mixing, the samples were incubated for 2-5 minutes 

at room temperature, followed by the addition of varying amounts of Effectene
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reagent: 0, 4, 10, 20pl. After mixing, the samples were incubated for 5-10 minutes at 

room temperature to allow complex formation. Complete DC media (600pl) was 

added to each tube, the contents were mixed carefully and transferred to the 

appropriate wells. The plates were gently swirled to ensure uniform distribution of the 

complexes. In addition, transfections were also performed in the presence of 40pM 

chloroquine. After 24- and 48-hours of incubation at 37°C, GFP expression was 

examined by epifluorescence using the Nikon diaphot microscope and photographed 

on Kodak ASA 400 colour film.

HeLa cells were also transfected with pGL using Effectene and served as positive 

controls in the DC transfection experiments. Briefly, the day before transfection, 6- 

well plates were seeded with 1.5 x 105 cells/well in 1.6ml of complete DMEM + 10% 

FCS. The following day HeLa cells were transfected with identical amounts of DNA 

and Effectene with Enhancer according to the protocol for DC transfection outlined 

above.

4.2.11 Transient transfection o f  DC using the transfection reagent Fugene- 6

Transfection of DC using FuGENE-6 was performed according to the manufacturer’s 

protocol (Roche Ltd.). Briefly, immature DC were harvested on day-6 of culture and 

6-well plates and 24-well plates were seeded with 3 x 105 cells/well in 2ml of DC 

complete media and 3 x 105 cells/well in 1ml of DC complete media, respectively. 

The following day a sufficient amount of serum-free RPMI was added to a 

polypropylene tube to dilute Fugene-6 to lOOpl, followed by varying amounts of 

Fugene-6 (0, 3, 6, 9, 12pl) which were added directly to the medium. Diluted Fugene- 

6 was incubated for 5 minutes at room temperature and then added dropwise to tubes 

containing 2pg of DNA (pGL). The tubes were gently mixed and incubated for 15 

minutes at room temperature Transfection mixtures were added dropwise to each well 

and the plates were swirled to ensure even dispersal. In addition, transfections were 

also performed in the presence of 40pM chloroquine. After 24- and 48-hours of 

incubation at 37°C, GFP expression was examined by epifluorescence using the 

Nikon diaphot microscope and photographed on Kodak ASA 400 colour film.
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HeLa cells were also transfected with pGL using the Fugene-6 reagent and served as 

positive controls in the DC transfection experiments. Briefly, the day before 

transfection 6-well plates were seeded with 1.5 x 105 cells/well in 2ml complete 

DMEM + 10% FCS. The following day HeLa cells were transfected with 2pg DNA 

using Fugene-6 (0, 3, 6, 9, 12pl) according to the protocol for DC transfection 

outlined above.

4.2.12 Transfection o f  DC using the cationic amphipathic peptide, KALA

A cationic peptide, KALA, kindly donated by Dr S. Thirdborough (University of 

Southhampton) was used to transfect DC. Briefly, on day-7 of culture, DC were 

harvested and 24-well plates were seeded with 3 x 105 cells/ well in 0.9ml. DNA 

(2pg) and peptide were diluted in 2 x Hepes buffer (total volume 0.1ml) to give the 

following DNAipeptide ratios: 5:1, 10:1 and 20:1 as described by Feigner et al. 

(1997). The DNA and peptide complexes were incubated for 15mins at room 

temperature. The transfection mixtures were then added dropwise to each well and 

incubated at 37°C for 2-hours. DC were washed and resuspended in 1ml DC complete 

media. In addition, transfections were also performed in the presence of 40pM 

chloroquine. After 24- and 48-hours of incubation at 37°C, GFP expression was 

examined by epifluorescence using the Nikon diaphot microscope and photographed 

on Kodak ASA 400 colour film.
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4.3 Results

4.3.1 Generation o f DC from peripheral blood

It was necessary to determine whether immature DC were generated from monocyte 

precursors in the presence of GM-CSF and EL-4 and also were capable of 

differentiating into mature DC in the presence of TNF-a. Thus, experiments were 

performed comparing the phenotype of DC from GM-CSF and IL-4 cultures with that 

of DC cultured with additional TNF-a.

Preparation of immature DC were obtained from adherent PBMC that were 

differentiated for 7-days in IL-4 and GM-CSF cultures as previously described. By 

day-7 the vast majority of the cells appeared as loosely adherent clusters or isolated 

free floating cells with characteristic DC veiled morphology as assessed by phase 

contrast microscopy (Figure 4.1). Analysis of cell surface markers revealed that DC 

expressed high levels of CD la  but no CD 14 or CD83 (Figure 4.2). These large cells 

also expressed low levels of CD80 and higher levels of HLA-DR, CD40 and CD86 

(Figure 4.3). Thus, HPC cultured with GM-CSF and IL-4 present morphological and 

phenotypic characteristics consistent with immature DC.

Research performed by Romani et al., (1994) has shown that CD14+ blood monocytes 

cultured in the presence of GM-CSF and IL-4 need an additional stimulation with 

TNF-a to induce DC maturation. This correlates with the upregulation of class II and 

many co-stimulatory molecules (reviewed in Banchereau & Steinman 1998). Also the 

cells become CD83+ which has been characterized as a unique cell surface marker of 

mature dendritic cells (Zhou et al., 1993; Zhou et al., 1995). Therefore, experiments 

were performed to assess the ability of immature DC to differentiate into mature DC 

in the presence of TNF-a. On day-6 of culture immature DC were incubated with 

TNF-a (25ng/ml) together with the medium containing IL-4 and GM-CSF, for an 

additional 48-hours. On day-8 analysis of cell surface markers revealed that DC in the 

presence of TNF-a, expressed higher levels of, HLA-DR, CD40, CD80, CD86 

compared with immature ones (Figure 4.3). These cells also expressed CD83 which is 

a typical characteristic of mature DC (Figure 4.2). The overall increase in expression
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Figure 4.1 Development of immature DC from peripheral blood by culturing HPC in media 

supplemented with GM-CSF and IL-4. After 7 days, large aggregates are visible by phase-contrast 

microscopy, with individual cells displaying veiled morphology.
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Figure 4.2. Phenotypic analysis of DC in the presence and absence of TNF-a. The upper panels 

(cytograms) illustrate a population of large cells which are DC. The histograms show fluorescence 

values on un-gated cells. Open histograms represent labelling with control irrelevant Ab and solid 

histograms represent staining by FITC- or PE-labelled relevant mAb as indicated.
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Figure 4.3. Phenotypic analysis of DC in the presence and absence of TNF-a. The histograms show 

fluorescence values on un-gated cells. Open histograms represent labelling with control irrelevant Ab 

and solid histograms represent staining by FITC- or PE-labelled relevant mAb as indicated.
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of the surface markers, HLA-DR, CD40, CD80, CD86 and CD83, reflects the 

maturity of DC. The levels of CD la  and CD 14 were comparable with that of 

immature DC (Figure 4.2). Thus, immature DC cultured with GM-CSF and IL-4 and 

the additional cytokine, TNF-a, present phenotypic characteristics consistent with 

mature DC.

These results confirmed that immature monocyte-derived DC were generated 

successfully from GM-CSF and IL-4 cultures with the capacity to differentiate into 

mature DC following TNF-a treatment. Due to the effectiveness of culturing 

immature DC in the presence of GM-CSF and IL-4, this method was adopted for the 

generation of DC for subsequent transfection experiments.

4.3.2 Synthesis o f  GFP RNA transcripts

GFP transcripts generated by IVT were analysed by gel electrophoresis (Figure 4.4). 

GFP transcripts generated from pCITE.GFP are represented by a single band (lanes 4 

and 5) at approximately 1,47Kb, which is of the correct MW and indicates successful 

IVT. However, GFP transcripts generated from pCR3.GFP are represented by 2 bands 

of equal intensity (lanes 2 and 3) at approximately 1.2Kb and 0.8Kb in size. This may 

have been caused by secondary structure of the RNA. In addition, the positive control 

produced a band of 1.8Kb which corresponds to the correct MW weight of the 

luciferase transcript (lane 6) whereas there was no transcript generated by the negative 

control (lane 7).

4.3.3 Optimal transfection conditions o f DC with RNA transcripts.

DOTAP Liposomal Transfection Reagent, which is a liposome formulation of the 

cationic lipid DOTAP, is suitable for the transfer of RNA into eukaryotic cells in the 

presence and absence of serum. DC were transfected with RNA transcripts using the 

transfection reagent DOTAP according to the protocol described by Boczkowski et al. 

(1996) (see section 4.2.3). Initially the GFP transcript was utilised which had been 

generated by IVT from the DNA template pCR3.GFP. Unfortunately this method did 

not yield positive transfectants (data not shown). The negative results may be due to 

absence of the poly A sequence in the DNA template resulting in unstable transcripts.
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1 2 3 4 5 6 7 8

1471bp

Figure 4.4 Agarose gel (1.5% ) stained with ethidium bromide showing GFP transcripts 

generated by IVT from the DNA templates pCR3.GFP and pCITE.GFP. Lane (1) RNA ladder. 

Lane (2) GFP transcript (1.98 pg) generated from pCR3.GFP. Lane (3) GFP transcript (3.955 pg) 

generated from pCR3.GFP. Lane (4) GFP transcript (4.36 pg) generated from pCITE.GFP. Lane (5) 

GFP transcript (8.725 pg) generated from pCITE.GFP. Lane (6) Positive control: luciferase transcript 

(6.32 pg). Lane (7) Negative control: no template. Lane (8) RNA ladder.
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In order to overcome this problem a GFP insert was sub-cloned into the pCITE-4b 

vector which contains a polyA sequence at the 3’ terminus of the MCS to ensure 

stability o f the transcript. GFP transcripts were generated and used to transfect DC 

using DOTAP as before. Again none of the DC were expressing GFP (data not 

shown). In order to test the effectiveness of these transcripts the epithelial cell line, 

HeLa, which is readily transfected with DNA, was transfected with these transcripts 

(see section 4.3.4 below).

4.3.4 Optimal transfection conditions ofHeLa cells with GFP transcripts

Three different methods were adopted to optimise transfection conditions of HeLa 

cells with RNA which were electroporation, lipofection using DOTAP and a 

technique using the non-liposomal reagent, Effectene. In all cases GFP transcripts 

were utilised which previously had been generated by IVT from the DNA templates 

pCR3.GFP and pCITE.GFP. Details of the methods are described in sections 4.2.4,

4.2.5 and 4.2.6. Unfortunately none of the techniques yielded positive transfectants.

However, transfections using the positive controls in which GFP transcripts were

replaced with pGL produced positive transfectants and thus provided evidence that all

three transfection techniques were functioning effectively. The negative results may
%

reflect the quality o f the RNA or the abundance of RNAses present in the transfection 

systems.

4.3.5 In vitro translation o f  GFP

In order to assess the ability of the DNA templates pCR3.GFP and pCITE.GFP to 

produce protein products o f GFP in vitro, coupled in vitro transcription/translation 

was performed as described in section 2.4.8. The autoradiograph (Figure 4.5) revealed 

a relatively intense signal at approximately 27 kDa in lane 3, which corresponds to the 

correct MW of GFP protein generated from pCITE.GFP. In contrast, a very weak 

signal also at 27 kDa was observed in lane 2 which corresponds to GFP protein 

generated from pCR3.GFP. However this signal was much weaker than background 

signals and thus was not significant. In addition, the positive control produced an 

intense signal at 60 kDa (lane 1) which corresponds to the correct MW of luciferase 

protein whereas a signal was not observed for the negative control (lane 4).These
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1 2  3 4

Figure 4.5 Autoradiograph showing GFP products generated by coupled in vitro 

trasnscription/translation from the DNA templates pCR3.GFP and pCITE.GFP and resolved by 

SDS-PAGE analysis. Lane (1) Positive control: luciferase product. Lane (2) GFP product generated 

from pCR3.GFP. Lane (3) GFP product generated from pCITE.GFP. Lane (4) Negative control: no 

template.
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results suggest that pCITE.GFP was capable of generating GFP transcripts followed 

by the protein products of the correct MW in vitro. In contrast the construct 

pCR3.GFP was not as effective and produced levels of protein which were barely 

detectable.

4.3.6 Optimal conditions o f  transfection fo r  DC with DNA

Various non-viral transfection methods were studied to optimise transfection 

conditions for DC. DC were generated as described in section 4.2.1 and were 

harvested on day-7 of culture when they were immature as demonstrated by 

phenotypic analysis and phase-contrast microscopy (section 4.3.1). For details of the 

transfection methods refer to sections 4.2.7-4.2.12. In all transfection experiments the 

vector pGL was used which contains the humanised red shifted GFP reporter gene 

that can be measured with ease by fluorescence microscopy and flow cytometry 

requiring no substrates for visualisation. HeLa cells, which are readily transfected by 

all methods tested, served as positive controls. GFP expression in transfectants was 

examined 24- and 48-hours post transfection.

The physical transfection method, electroporation, has been shown to be favourable 

for the transfection o f lymphoid cells in* contrast to common procedures such as 

calcium phosphate/DNA precipitation and those mediated by polyanions (Anderson et 

al., 1991). Thus, electroporation of DC with plasmid DNA was assessed. Examination 

by fluorescence microscopy revealed that none of the cells were positive for GFP 

expression (data not shown). Similar results were also obtained in the presence of 

chloroquine (data not shown). However, transfection was observed in control HeLa 

cells run in parallel with 30-40% of the cells on average exhibiting GFP expression 

(data not shown). These results are consistent with recent published data which 

demonstrated that monocyte-derived DC were unsuccessfully transfected by 

electroporation with plasmid DNA (Zhong et al., 1999; Van Tendeloo et al., 1998; 

Arthur et al., 1997).

The transfection reagent, DMRIE-C (GIBCO-BRL), is a cationic liposome suitable 

for the transfection of non-adherent human leukemia cell lines like Jurkat, MOLT4, 

KG-1 and K562 (Ciccarone et al., 1996). The ability of DMRIE-C to transfect cells in
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suspension prompted experiments to assess the transfection of DC using DMRIE-C. 

DC were transfected using several different amounts of the liposome to establish 

optimal conditions. Similar results were also obtained in the presence of chloroquine 

(data not shown). However, fluorescence microscopy revealed that none of the cells 

were positive for GFP expression (data not shown) whereas approximately 30% of the 

HeLa cells expressed GFP (data not shown).

Superfect Transfection Reagent is an activated-dendrimer designed for effective 

transfection results in many cell lines including suspension cells and primary cells 

(Tang et al., 1996). The ability of Superfect to transfect primary cells makes this 

reagent an attractive candidate for the successful transfection of DC. Thus, 

experiments were performed to determine whether this polycation was capable of 

successful transfection of DC with plasmid DNA. DC were transfected using several 

different amounts of Superfect in an attempt to determine optimal conditions. 

Fluorescence microscopy revealed that none of the cells were positive for GFP 

expression whereas 30% of the HeLa cells expressed GFP (data not shown). These
q\

experiments adopted a method recommended by Dr Carstens (personnel 

communication, 1999) but the efficiencies of 0.1-1% allegedly obtained by Dr 

Carstens were not reproduced. Similar results were also obtained in the presence of 

chloroquine (data not shown). The positive controls, which exhibited up to 30% of 

HeLa cells expressing GFP, confirmed that the DNA and Superfect were both 

functional.

The cationic peptide, KALA, which binds to DNA, destabilizes membranes and 

mediates DNA transfection (Wyman et al., 1997) was also utilised to transfect DC 

with DNA in the presence and absence of chloroquine. Unfortunately, these 

transfection experiments were also unable to produce any positive transfectants as 

assessed by fluorescence microscopy.

In summary the results from the transfection experiments of DC with plasmid DNA 

using electroporation and the transfection reagents DMRIE-C, Superfect and KALA 

revealed that these methods were unable to yield positive transfectants. However, the 

results obtained in experiments which utilised the recent commercially available
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transfection reagents, Effectene and Fugene-6, to transfer plasmid DNA into DC were 

more encouraging.

Fugene-6 Transfection Reagent is a unique blend of lipids (non-liposomal 

formulation) and other compounds which is capable of transfection of mammalian 

and other cell types with high efficiency and minimal damage to cells (Roche Ltd.). 

The fact that this reagent is able to transfect many cell types successfully, prompted 

further transfection experiments of DC using this reagent. DC were transfected using 

a range o f different amounts of Fugene-6 to determine optimal conditions. 

Examination by fluorescence microscopy revealed that a very small percentage of DC 

(<0.1 %) were positive for GFP expression after 24- and 48-hours.This extremely low 

transfection efficiency was observed in DC transfected with pGL using 6, 9 and 12pl 

of Fugene-6, 24 and 48-hours post transfection (Figures 4.6, 4.7, 4.8; Panels B). In all 

cases the morphology o f GFP-expressing cells was typical of DC with many cell 

processes as assessed by phase contrast microscopy (Figures 4.6, 4.7, 4.8; Panels A). 

Similar results were also obtained in the presence of chloroquine (data not shown). 

These results were not consistent with data obtained by the company Cobra 

Therapeutics which achieved higher transfection efficiencies of 0.1-1.0% in DC (Peter 

Trinder, personal communication, 1999). In addition GFP expression was observed in 

approximately 30-40% of control cells run in parallel (Figure 4.9; Panel B). 

Additional transfection experiments of DC, using identical conditions as above apart 

from using less media per well to increase the density of cells/ml, resulted in none of 

the DC expressing GFP.

Effectene Transfection Reagent is based on a unique non-liposomal lipid formulation 

combined with a specific DNA-condensing Enhancer. Effectene Reagent has been 

shown to produce higher transfection efficiencies in many cell lines including 

suspension cells and primary cells than many widely used liposomal reagents (Sugie 

et al., 1999). Effectene also allows transfection in the presence of serum to ensure 

healthy cells and low cytoxicity without lowering transfection efficiencies. Thus, the 

ability o f this reagent to transfect suspension cells and primary cells prompted 

additional transfection experiments of DC using Effectene. DC were transfected using 

a range o f different amounts of Effectene, as recommended by the manufacturer, to
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determine optimal conditions. Examination by fluorescence microscopy revealed that 

a low percentage of cells (<0.1 %), transfected with pGL using 4pl of Effectene, were 

positive for GFP expression (Figure 4.10, Panel B). DC transfected with pGL using 

other amounts o f Effectene did not express GFP. The morphology of GFP-expressing 

cells was typical of DC with many cell processes as assessed by phase contrast 

microscopy (Figure 4.10, Panel A). Similar results were also obtained in the presence 

of chloroquine (data not shown). In addition, GFP expression was observed in 

approximately 60% o f control cells run in parallel (Figure 4.11, Panel B).

N.B. The transfection efficiencies of HeLa cells were calculated by counting the 

number o f positive cells in the field of view and converting this to a percentage of the 

total number o f cells in the identical area.

Overall the majority o f the transfection methods described above were unable to 

successfully transfect DC with plasmid DNA. However, Fugene-6 and Effectene did 

achieve very low transfection efficiencies of <0.1%. These low and null transfection 

efficiencies highlight the difficulties encountered in the successful transfection of DC 

using a range o f different non-viral methods including those which have been reported 

to be successful in the transfection of primary cell lines. Further experiments are 

required using more effective non-viral transfection methods to increase the 

transfection efficiencies o f DC to at least 5-10% in order to guarantee a detectable 

level of gene expression.
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Figure 4.6 Photomicrographs taken of an identical area of DC transfected with pGL using 6 pi of 

Fugene-6 24-hours after transfection. (A) Total number of cells under phase contrast microscopy. 

(B) Immunofluorescence microscopy showing the number of cells which have been transfected with 

pGL.
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Figure 4.7 Photomicrographs taken of an identical area of DC transfected with pGL using 9 pi of 

Fugene-6 48-hours after transfection. (A) Total number of cells under phase contrast microscopy. 

(B) Immunofluorescence microscopy showing the number of cells which have been transfected with 

pGL.
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Figure 4.8 Photomicrographs taken of an identical area of DC transfected with pGL using 12 pi 

of Fugenc-6 48-hours after transfection. (A) Total number of cells under phase contrast microscopy. 

(B) Immunofluorescence microscopy showing the number of cells which have been transfected with 

pGL.
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Figure 4.9 Photomicrographs taken of an identical area of HeLa cells transfected with pGL 

using 3 pi of Fugene-6 48-hours after transfection. (A) Total number of cells under phase contrast 

microscopy. (B) Immunofluorescence microscopy showing the number of cells which have been 

transfected with pGL.



Figure 4.10 Photomicrographs taken of an identical area of DC transfected with pGL using 4 pi 

of Effectene 48-hours after transfection. (A) Total number of cells under phase contrast microscopy. 

(B) Immunofluorescence microscopy showing the number of cells which have been transfected with
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Figure 4.11 Photomicrographs taken of an identical area of HeLa cells transfected with pGL 

using 10 pi of Effectene 48-hours after transfection. (A) Total number of cells under phase contrast 

microscopy. (B) Immunofluorescence microscopy showing the number of cells which have been 

transfected with pGL.
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4.4 Discussion

A safer alternative to transfecting DC with plasmid DNA is to use transcripts of RNA 

which have a shorter half life and therefore reduce the potential risk of tumour 

antigens remaining in the system for prolonged periods (Gilboa., 1998). Boczkowski 

et al. (1996) have successfully transfected DC with RNA using the transfection 

reagent, DOTAP, along with others such as Nair et al. (1998) who used the 

transfection reagent, DMRIE-C. Thus, in this chapter attempts were made to transfect 

DC with RNA transcripts encoding GFP using DOTAP. Results revealed that none of 

the cells were expressing GFP and consequently optimal conditions were not 

established. In order to assess the effectiveness of these transcripts, HeLa cells, which 

are readily transfected with DNA, were transfected with RNA using three different 

methods: DOTAP, Effectene and electroporation. However, none of these approaches 

resulted in positive transfectants In contrast, Sugie et a l (1999) achieved transfection 

efficiencies o f up to 58.6% in 293 cells transfected with in vitro transcribed RNA 

using the reagent Effectene.

The unsuccessful transfections in this study may have been caused by the poor quality 

of the RNA transcript and its inability to produce detectable levels of the functional 

protein product, GFP. In order to investigate this possible cause, in vitro coupled 

transcription/translation was performed using the DNA templates, pCR3.GFP and 

pCITE.GFP. The results revealed that protein products of the correct MW were 

synthesised using pCITE.GFP in comparison with extremely low levels of protein 

product produced by pCR3.GFP. These low levels of GFP may reflect the inability of 

pCR3.GFP to synthesise RNA effectively in vitro due to the absence a poly A 

sequence which confers stability. In contrast pCITE.GFP contains such a sequence 

which is situated at the 3’ terminus of the MCS. Although pCITE.GFP was capable of 

the transcription and translation of GFP in vitro, transfections of HeLa cells with the 

corresponding transcripts were also unsuccessful. Despite vigorous attempts to 

minimise RNAse contamination, RNAses present in the system may have rapidly 

degraded the transcripts before translation took place. Also transfection reagents may 

not have formed complexes with RNA and consequently did not allow RNA transfer. 

Control cells, which were HeLa cells transfected with GFP cDNA using identical
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transfection reagents, yielded a high percentage of positive transfectants and therefore 

demonstrated that all the reagents were functional.

Also in this chapter, several different approaches for non-viral transfer of DNA into 

DC were investigated which included electroporation, lipofection, and techniques 

utilising a cationic peptide or non-liposomal reagents. Of the approaches used the 

non-liposomal reagents, Fugene-6 and Effectene, were the most effective whereas the 

remaining techniques induced levels of gene expression that were barely detectable 

above background. However, as stated, GFP expression was still minimal using 

Fugene-6 and Effectene compared with the expression achieved when control HeLa 

cells were transfected.

Due to the high endosomal or lysosomal activities of DC, transfections were also 

performed in the presence of chloroquine which raises the pH of lysosomal 

compartments thereby reducing the degradative enzymatic activity. Despite treatment 

with chloroquine, there were no differences in GFP expression. These results imply 

that low or null transfection efficiencies of DC using the non-viral methods described 

in this chapter have not been caused by rapid degradation in the lysosomal and 

endosomal compartments. Alternatively, the results may reflect the ineffective 

transfection methods for DNA transfer into DC.

The difficulty o f measuring protein expression in transfected DC has been 

demonstrated by Philip et al. (1998). They performed experiments in which they 

transfected DC using an adeno-associated virus plasmid DNA complexed to cationic 

liposomes. Although they were able to show transgene expression of several genes as 

measured by mRNA levels using RT-PCR, the only protein levels detected were of an 

enzymatic protein, CAT. The protein expression of non-enzyme molecules (MART-1, 

CEA) was undetectable by methods such as flow cytometry or Western blot analysis 

whereas CAT was detected by very sensitive enzymatic assays. Similarly, other 

Research Groups have successfully detected transgene protein products in transfected 

DC which are enzymatic proteins such as CAT, P-galactosidase, luciferase and 

tyrosinase as assessed by enzyme activity despite low transfection efficiencies 

(Alijagic et al., 1995; Arthur et al., 1997). Therefore, alternative reporter genes which
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code for enzymes such as CAT may be more efficient at measuring transfection 

efficiencies as opposed to GFP due to the more sensitive detection methods used.

The extremely low levels of transgene expression in DC, which have been detected in 

this study, may not be as disappointing as originally thought. As mentioned in chapter 

one, DC are the most potent stimulatory APC. Only a few DC are necessary to 

provoke a strong T-cell response in vitro or in vivo with a single DC maximally 

stimulating 100-30000 T cells in vitro. This immunostimulatory capacity of DC has 

been confirmed by recent transfection experiments. Alijagic et al (1995) performed 

experiments in which monocyte-derived GM-CSF- and IL-4-cultured DC were 

transfected with the tyrosinase gene using the lipofection reagent, Lipofectin, (GIBCO 

BRL). Although only low levels of transgene expression were observed, as in this 

study, tyrosinase-transfected DC were able to cluster and activate T cells. Also 

experiments performed by Nair et a l (1998) have shown that DC transfected with 

RNA transcripts o f GFP and CEA were capable of inducing CTL, which recognised 

and lysed only the antigen specific target, despite the fact that the GFP protein 

product could not be detected in transfected DC by fluorescence microscopy or flow 

cytometry (Gilboa., personal communication, 1999). Therefore, further experiments 

will need to investigate whether GFP expression produced by any of the transfection 

techniques in this study will be sufficient to allow DC to stimulate antigen-specific T- 

cells. This would confirm the potent immunostimulatory capacity of DC and the fact 

that a only small proportion o f the DC have to be positively transfected in order to 

generate such a response.

Interestingly, Cobra therapeutics have developed a novel non-viral system for the 

efficient ex vivo transfection of human DC with plasmid DNA. The proprietary 

formulation system, consisting of a cationic peptide, CL22, generates self-assembling 

complexes containing plasmid DNA which can transfect approximately 17% of DC. 

DC transfected with a model antigen, tyrosinase related protein-2, result in the 

stimulation of autologous antigen-specific T-cells. Unfortunately, this gene delivery 

system is not currently available. However, it holds promise for an effective non-viral 

method o f transfection for human DC which is capable of achieving higher
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transfection efficiencies than those obtained using the non-viral reagents and systems 

currently available.

In summary, these experiments illustrate the difficulty of achieving high efficiency 

RNA/DNA transfer in DC using non-viral methods. Although results of DC 

transfected with DNA, which reveal a small proportion of DC expressing GFP, are 

encouraging, further experiments are necessary to establish optimal transfection 

conditions using more effective methods such as the recent non-viral system 

pioneered by Cobra therapeutics. This will enable progress towards an effective 

vaccine for breast cancer.
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4.5 Future Work

• Identify optimal transfection conditions of DC with Fugene-6 and Effectene, 

using the reporter gene, CAT, in order to increase the sensitivity of detection 

by using a sensitive ELISA detection method.

• Assess transfections by determining whether positively transfected DC can 

induce autologous T-cell responses in vitro utilising the reporter genes, GFP 

and CAT. This approach could be adopted as an alternative method for the 

establishment o f optimal conditions instead of gene expression analysis.

• Repeat transfection experiments of HeLa cells with RNA using fresh reagents 

and RNA transcripts in order to minimise possible contamination with 

RNAses. Also perform identical experiments replacing HeLa cells with 293 

cells.

• Establish optimal transfection conditions of DC with DNA using the cationic 

peptide produced by Cobra Therapeutics. (Details of peptide sequence and 

transfection protocol currently in press^).

• Transfect DC using an optimal non-viral method, with constructs encoding 

p53 and analyse CD4+ T-cell proliferative responses.
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Chapter Five

5.1 Concluding remarks

The aim o f this study was to design a DC-based vaccine for breast cancer which 

would elicit an anti tumour CD4+ T-cell response. The tumour suppressor protein, p53, 

was selected as the antigen for manipulation in this strategy due to the increasing 

evidence of immune responses to both wild type and mutant p53 in breast cancer 

patients. As the delivery of nucleic acids is preferable to using recombinant protein or 

peptide, DC would be genetically modified to express MHC class II restricted p53 

epitopes, thus, leading to the induction of antigen-specific CD4+ T-cells.

There were two major goals to attain during the initial preparation of this vaccine. 

Firstly, to enhance the CD4+ T-cell response, it was necessary to target endogenous 

p53 to the MHC class II pathway for presentation to CD4+ T-cells. A signal peptide, 

YTPL, present in the cytoplasmic tail of DM was fused at the C-terminus of p53 to 

allow trafficking o f this chimeric protein to the lysosomal compartment. In addition, 

an amino signal sequence, LS, was appended to the N-terminus to allow p53 to 

translocate the ER membrane prior to lysosomal sorting. Intracellular 

immunofluorescence staining using antibodies to p53 and CD63 followed by CLSM 

were employed to determine whether p53-DMp co-localised with an endogenous 

lysosomal marker, CD63. The results revealed that p53-DMp, in the absence of the 

LS, had accumulated in the cytosol whereas p53 alone localised to the nucleus as 

expected. More importantly in the presence of LS, p53-DMp trafficked to the 

lysosomal compartment but due to over expression of the protein, intense staining of 

p53-DMp in the biosynthetic pathway had masked lysosomal staining. Comparative 

analysis with control constructs, which targeted p53 to the membrane and also 

allowed secretion of p53, provided further evidence that localisation to the lysosomes 

had probably occurred. Further subcellular fractionation experiments are necessary to 

confirm these results.

The second objective involved the establishment of optimal transfection conditions of 

DC with nucleic acids using non-viral methods. Although viral gene transfer methods
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are currently the most successful in the genetic modification of DC, they are 

associated with many risks as discussed in chapter four. Therefore, non-viral methods 

of transfection are favourable eliminating many of the patient and environmental 

safety considerations. Initially, DC were transfected with RNA transcripts encoding 

GFP. Unfortunately, these experiments did not produce positive transfectants. Further 

experiments are required to test the effectiveness of these transcripts using HeLa cells 

and 293 cells. Transfection experiments of DC with DNA were also performed using 

variety of transfection methods. DC were transfected with the reporter gene, GFP, and 

expression was assessed by fluorescence microscopy at various time points post 

transfection. However, the majority of these transfection techniques did not result in 

DC which were positive for GFP expression. Only, the transfection reagents, Fugene- 

6 and Effectene yielded positive transfectants, albeit efficiencies were very low. 

However, these results were not discouraging as very low numbers of DC are capable 

of provoking strong T-cell responses in vitro and in vivo. Further experiments are 

necessary to analyse T-cell responses to DC transfected with GFP followed by the 

comparative analyses o f T-cell responses to DC transfected with constructs encoding 

p53.

In summary, this study has successfully targeted p53-DMp to lysosomal 

compartments of HeLa cells and has investigated the use of many non-viral 

techniques to transfect DC. Further work is necessary to confirm localisation of p53- 

DMp and to further optimise transfections conditions for DC. Therefore, this study 

has paved the way for the design of a DC-based vaccine strategy for breast cancer 

with a view to inducing a MHC class II restricted CD4+ T-cell response to p53 and 

conferring long-term and effective antitumour immunity.

5.2 Future aims and prospects

Once experiments have confirmed that p53-DMp has been targeted to the lysosomal 

compartments of HeLa cells and optimal conditions of DC have been established, 

further experiments are necessary to determine whether DC transfected with p53,
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targeted to the MHC class II pathway, can activate and prime antigen-specific CD4+ 

T-cell proliferative responses.

If preclinical studies provide evidence that this vaccination strategy is capable of 

generating potent anti-p53 CD4+ and CD8+ T-cell responses and reducing tumour load 

in vivo using animal models, there is a possibility that the DC-based vaccine could 

enter clinical trials in the foreseeable future. Briefly, this would involve the generation 

of DC from breast cancer patients PBMC ex vivo, followed by subsequent transfection 

of DC with p53 engineered to traffic to the MHC class II pathway. The use of an 

efficient non-viral system for genetic modification of DC would eliminate potential 

risks posed by viral methods. Subsequent administration of these antigen expressing 

DC to the patients may result in a potent antitumour immune response involving both 

the CD4+ and CD8+ T-cell cells. This form of adjuvant therapy would lead to the 

eradication of residual tumour cells, following surgical removal of the primary 

tumour, and would prevent recurrence of secondary tumours.

An additional aspect which could be addressed in future stages of this project is 

whether the immunostimulatory capacity of DC could be enhanced by the presence of 

cytokines such as GM-CSF, TNF-a or ligation of CD40 with soluble CD40L. As 

discussed in chapter one, DC up-regulate costimulatory molecules in response to 

certain inflammatory cytokines which in turn promote T-cell activation. GM-CSF has 

been identified as an important growth factor for DC (Inaba et al., 1992) and 

maintains the efficient presentation of soluble antigen (Sallusto et al. 1994). TNF-a is 

known to contribute to both DC maturation (Sallusto et al., 1995) and activation 

(Rieser et al., 1997). Also cross-linking CD40 on DC by cell-bound CD40L has been 

shown to promote DC maturation (Caux et al., 1994a; Flores-Romo et al., 1997; 

Brossart et al., 1998), upregulate expression of costimulatory molecules (Caux et al., 

1994a; Celia et al., 1996) and enable DC to stimulate CTL (Ridge et al., 1998; 

Bennett et al., 1998; Schoenberger et al., 1998). Recent evidence suggests that 

incorporation of such molecules in DC-based vaccine strategies improves the 

immunogenicity of DC resulting in optimal induction of tumour-specific T-cell 

responses. Klein et al. (2000) engineered bone-marrow derived DC to express 

MAGE-1 and also either GM-CSF, TNF-a or CD40L. Their findings revealed that
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coexpression of either GM-CSF, TNF-a or CD40L with MAGE-1 led to a 

significantly increased therapeutic effect in tumour bearing mice compared with DC 

expressing MAGE-1 alone. The immunological mechanism as shown for GM-CSF- 

transduced DC, involved MAGE-1 specific CD4+ and CD8+ T-cells. Expression of 

GM-CSF by DC led to enhanced CTL activity, potentially mediated by increased 

numbers o f DC in draining lymph nodes as detected by dye tracking experiments. In 

addition, Morse et al. (1998) demonstrated that optimal stimulation of CEA-specific 

CTL in vitro by RNA-transfected DC occurred when the DC, from cancer patients, 

were loaded with CEA RNA, followed by maturation with CD40L. The results from 

these studies imply that the immunostimulatory capacity of DC, to be utilised in this 

p5 3-based vaccination strategy, could be improved by the incorporation of either GM- 

CSF, TNF-a or CD40L. Future experiments could investigate this possibility.

Thus, immunotherapy using autologous DC, loaded with nucleic acids encoding p53 

engineered to enhance the CD4+ T-cell response, in the presence or absence of 

accessory molecules, emerges as a potentially powerful vaccination strategy for the 

treatment of breast cancer patients. Furthermore, the model breast tumour antigen, 

p53, utilised in this strategy is shared with many other tumour types such as ovarian, 

lung and stomach, which could lead to the widespread clinical application of this 

approach.
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Composition of solutions

Agarose gel loading buffer (6x)

0.25% bromophenol blue, 0.25% xylene cyanol FF, 30% glycerol in water 

Detection reagent fo r  ECL

0.2mM p-coumaric acid, 1.25mM luminol, 5-amino-2,3-dihydro-1,2-pthalazinedione, 

0.009% H20 2, 0.1M Tris-HCLpH 8.5.

Luria-Bertoni (LB) media

1% tryptone, 0.5% yeast extract, 1% NaCl

Phosphate-buffered saline (PBS)

80mM Na2H P 04, 20mM NaH2P 0 4.2H20 , lOOmM NaCl (pH 7.4)

Protein electrophoresis buffer (Lammeli et al, 1970)

250mM glycine, 25mM tris base, 0.1% SDS

Protein loading buffer (3x)

187.5mM Tris-HCL pH 6.8, 6% SDS, 30% glycerol, 15mM EDTA pH6.8, 0.1% 

bromophenol blue,lOOmM DTT (DTT is added to 3x or 2x buffer just before use and 

stored at -20°C).

Protein transfer buffer (Towbin et al., 1979)

0.025M Tris-HCL pH8.3, 0.15 glycine, 20% methanol

MOPS (lOx)

0.2M sodium MOPS (3-[Morpholino]-propane-sulphonic acid), 0.08M sodium 

acetate, 0.01M disodium EDTA pH 7.0

RNA extraction solution

4M guanidinium thiocyanate, 25mM sodium citrate, combined with phenol and 2M 

sodium acetate in a ratio of 1:1:0.1, with 0.1M p-mercaptoethanol
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SOC media

2% tryptone, 0.5% yeast extract, lOmM NaCl, 2.5mM KC1, lOmM MgCl2, lOmM 

M gS04, 20mM glucose

Tris-acetate (TAE)

40 mM Tris-base, 40 mM glacial acetic acid, 1 mM EDTA (pH 8.0)

Tris-buffered saline (TBS)

20mM Tris base, 137mM NaCl (pH 7.6)

Tris-EDTA (TE)

lOmM Tris-HCl, ImM EDTA (pH 7.5)

TNE

lOmM Tris-HCl, lOOmM NaCl, ImM EDTA (pH 8.0)
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LacZ

ColE1

F1 o r i

rMCS—  
Hind III 
Kpn I 
BamHI 
S p e l 
EcoRI 
EcoRV  
Not I

Kan R

pCR2.1 Vector Map

Amp R

SV40

F1 ori

~MCS
Hind III

CMVpr BamHI
EcoRI

EcoRV

BGH pA

C0IE1

KaniNeo R

pCR3 Vector Map
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Amp R CMVpr

ColE1

pSecTagA  
5166 bp

MCS-----
Sfil 
Hind III 
Kpn I 
BamHI 
EcoRI 
P s t l  
EcoRV 
Not I 
Xho I

myc/His tag

BGH pA

F1 ori

SV40 pr

SV40 pA ZeoR

pSecTagA Vector Map

CITE

F1 ori
rM CS—  

EcoRV  
BamHI 
EcoRI 
Not I 
Xho I

Amp R

pCITE-4b(+) Vector Map
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