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Cancer Research Yearbook 

« & 

cancer 
research 
ireland 

Dear Friend, 

Please find enclosed a copy of our first ever Cancer Research Ireland 
- Cancer Yearbook. 

43/45 Northumberland Road, 
Dublin 4, Ireland 

Tel 01 2310 500 Fax 01 2310 555 
Email research@irishcancer.ie  
www.cancer.ie 

I hope that you find the contents interesting and informative. 

It describes the full extent of the cancer research that we funded during 
the period October 2004 to September 2005, which is the most recent 
completed set of work. 

As you may be aware, Cancer Research Ireland is the research division 
of the Irish Cancer Society. We are the single largest voluntary 
supporter of cancer research in Ireland. Our current annual spend on 
cancer research exceeds €2.6 million (up from our previous amount for 
2004 to 2005). 

Please take time to read the executive summary on page 4, and 
information on page 9, to get a quick overview of how much progress 
has been made in recent years. 

We are extremely fortunate to have dedicated and loyal supporters, 
patrons and volunteers and a deeply committed Board that directs our 
activities. I hope that you will join with me in congratulating all the 
researchers from around Ireland who contributed their findings for 
publication in this report; without their co-operation, this would not have 
been possible. 

In the coming weeks, I will write to you again enclosing a short feedback 
from, to help guide us in making this publication as suitable as possible 
for your needs. 

Thank you for your continued support. 

Yours truly 

Patrick Corley PhD 
Cancer Research Officer 

Registered Charity 
in Ireland CHY6007 

mailto:research@irishcancer.ie
http://www.cancer.ie


Chairman of Cancer Research Ireland Dr Michael Moriarty comments on 

the current cancer research climate in Ireland. 

I took up this appointment as Chair of Cancer Research Ireland in 2002. Even in the last 

three years I can see the dramatic change in the cancer research climate in Ireland. For 

one there are now many more researchers* in Ireland interested in cancer as a scientific 

pursuit. This is apparent from the tremendous growth in proposals that have been 

submitted to Cancer Research Ireland for funding. The number has grown from about 

30 proposals submitted in 2003 to over 74 submitted in 2005. 

In order to support this fantastic growth in cancer research interest, the Society has increased 

its funding immensely over the past number of years. Currently the annual spend on cancer 

research is over €2.1 million. Cancer research is now one of the single largest areas of 

investment by the Irish Cancer Society. 

I wish therefore to congratulate the Irish Cancer Society on their support of cancer 

research through Cancer Research Ireland. Additionally, I wish to pay compliment to the 

hardworking Board of Cancer Research Ireland for their work in reviewing and 

adjudicating on the many scripts submitted for funding. Cancer Research Ireland has a 

world-class system for review and funding of research grants and it is a tribute to the 

hard work of all involved. 

While it is obvious that there are greater numbers of researchers involved in cancer research in 

Ireland, and that now more than ever there are more funds available for cancer research, there 

is still a great deficit in the area of co-ordination of cancer research in Ireland. It's simply a fact 

that many cancer researchers do not network and engage with others, this is a great pity and 

a loss to all sides. The benefits of shared ideas and combined enthusiasm cannot be 

underestimated in the difficult but vital area of cancer research. Ireland has a relatively small 

research community, and it's doubtful if at this stage of our growth that competitive factors 

outweigh the benefits that can be won by collaborative efforts, especially among 

multidisciplinary groups. 

iJUyJ /entonCu 

Michael Moriarty 
CHAIRMAN OF CANCER RESEARCH IRELAND 

cancer 
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Michael Moriarty 
CHAIRMAN OF CANCER RESEARCH IRELAND 





Executive Summary cancer 
research 
ireland 

• The Irish Cancer Society is the national charity for cancer care in Ireland. 

Cancer Research Ireland is the research division of the Society. 

• Cancer Research Ireland is the single largest voluntary funder of cancer 

research in Ireland. 

• During the grant period October 2004 to September 2005, the Society funded 

36 basic laboratory cancer research projects and four psycho-oncology 

projects, in universities and hospitals throughout Ireland. The total spend on 

these projects is over €2 million. 

• In addition to this investment in basic science the Society is investing a further 

€300,000 in cancer clinical trials in Hospitals around Ireland, in order to help 

Irish patients avail of the latest treatments available to treat cancer. 

This brings our combined investment to over €2.3 million euro! 

During the period September 2004 to October 2005, Cancer Research Ireland 

supported a total of: 63 oral presentations, 17 posters presented at scientific 

conferences, 14 articles in peer reviewed journals and one book chapter 

based on cancer research. Additionally 1 patent was applied for and five 

prizes were awarded for excellence in oral presentations and posters. 

Nevertheless the Society is receiving more and more requests for funding for 

top quality research projects from Irish researchers. For example, in 2004 the 

Society received 54 applications for funding of cancer research projects. Of 

these projects, 12 were recommended by top international experts, as being 

excellent research. Unfortunately the Society only had funds available for the 

top 8 of these. 

CANCER RESEARCH IRELAND YEARBOOK 20O4 I 2005 
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INTRODUCTION 

Each year in Ireland, there are over 20,000 new cases of cancer and over 7,500 cancer deaths, 

accounting for almost one quarter of the annual death toll . Cancer is a major cause of death and 

disease in Ireland as well as in all Western communities. In addit ion, at any t ime in Ireland there are 

approximately 115,000 people living with cancer. 

Many of these people receive t reatment that sometimes cures their illness, but in many other cases 

t reatment can only delay the progression of their disease by a certain t ime depending on the specific 

cancer type. Their cancers can become resistant to t reatment , and become fatal . For certain other 

patients the grim truth is that right f rom the point of diagnosis, there are no treatments available, 

apart f rom trying to lessen the symptoms. This t reatment is called palliative care. 

There is a simple fact that must be faced; this is unless we continually strive to improve, and do 

better than we currently can for patients who are either at risk, or that have developed cancer, the 

situation will never improve. Improvements can only be made on the basis of new information and 

understanding, which can only come from research. 

TYPES OF CANCER RESEARCH 
There are essentially two approaches to the cancer 

problem namely 1. prevention before cancer occurs and 

2. treatment if cancer occurs. Advances in these areas 

depend on the information that research provides. 

In Ireland, as elsewhere, the following types of cancer 
research are being actively pursued: 

Epidemiological Research 

This type of research looks at the patterns of disease 
occurrence in the population, to see if any trends can be 
identified. These trends are used to identify risk factors for 
various cancers so that the disease may be prevented in 
the first place. 

Epidemiological research was used to demonstrate that 
miners exposed to certain types of asbestos fibres had a 
high risk for developing a particular type of lung cancer 
called mesothelioma. 

Basic Laboratory Research 

Research carried out in the laboratory using test 

conditions to identify the cellular mechanisms involved in 

cancer, in order to unravel the mystery of why some cells 

behave abnormally and become cancerous. 

Also, new drugs are developed and tested in the 
laboratory before they ever reach the stage where they 
can be used to treat people. 
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Translational Research 

This is research that is intended to translate knowledge 

derived from laboratory work into clinical applications 

Translational research bridges the gap between the 

laboratory bench and the patient bedside in the form of 

practical applications. An example of translational research 

is looking at genetic profiles of patients to see what cancer 

drugs they are more likely to respond to. This knowledge 

would lead to individualised therapies based on a 

combination of information from laboratory discoveries and 

patient responses to drugs. 

Clinical Research 

A clinical trial is the term used to describe a scientific 
research study, which looks at different aspects of patient 
care, with the aim of improving the outcome compared to 
current practice. 

If early work suggests that a new treatment might be 

more effective than the standard treatment, doctors need 

to compare the new treatment, with the best available 

standard treatment. If the new treatment is better then it 

becomes the new standard of care. 

uction 

HOW RESEARCH PROGRESSES INTO THERAPY 
Research is carried out in many different departments and 

institutions throughout the health and scientific 

community. At every level this research is generating new 

knowledge, which can be applied to help prevent cancer, 

improve cancer diagnosis, create new and better 

treatments and eventually lead to curing cancer. However, 

the knowledge must be fed through a cycle of exchange 

from laboratory bench to patient bedside and incorporated 

in to teaching and education for future generations of 

scientists, clinicians and healthcare professionals. The 

diagram below illustrates this cycle. 

Figure 1: The Cycle of Research: Generating new knowledge and refining current practice and treatment 

BASIC RESEARCH 

TEACHING CLINICAL RESEARCH 

HOW CANCER RESEARCH IRELAND DECIDES 
WHICH RESEARCH IT FUNDS. 
Cancer Research Ireland (CRI) is an autonomous body 

within the framework of the Irish Cancer Society made up 

of leading cancer clinicians and scientists. The board of 

CRI is responsible for evaluating research proposals 

submitted to the Society and providing local knowledge 

on the needs of the cancer research community in Ireland. 

The Board of CRI then recommends selected proposals for 

funding and monitors the progress on a yearly basis. 

Table 1 

Board of Cancer Research I re land 2 0 0 5 

(Chairman) 
Dr Michael Moriarty Consultant Radiation Oncologist Dr Liam Grogan Conslutant Medical Oncologist 
St. Luke's Hospital 

Prof. Tom Cotter 
NUI Cork Hospital 

Experimental Biochemist 

Prof. Peter Dervan 
Mater Hospital 

Prof. Mitch Dowsett 
UK 

Prof. Cliona O'Farrelly Experimental Immunologist 
St. Vincent's Hospital 

Beaumont Hospital 

Prof. Mark Lawler Experimental Haematologist 
Trinity College 

Prof. Noel Lowndes Experimental Geneticist 
NUI Galway 

Ms. Deirdre O'Hanlon 
South Infirmary Hospital, 
Cork 
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HOW RESEARCH PROPOSALS ARE EVALUATED 
The following diagram illustrates the process used by 

Cancer Research Ireland to evaluate research proposals 

submitted to them. 

Once a research proposal is submitted to the Society, it is 

first vetted to ensure that it is generally a good standard 

application, and that it is suitable for funding by Cancer 

Research Ireland. Most proposals are successful at this 

stage. Following this selection, grants are then sent out to 

cancer researchers outside of Ireland that have specialist 

knowledge related to each individual research proposal. 

These assessors then write a review on each grant, giving 

a recommendation as to whether the proposal should be 

funded or not. 

Only grants that have very good or excellent reviews from 

international assessors are considered for funding. Cancer 

Research Ireland only funds excellence in cancer research. 

Figure 2 

CRI'S CANCER RESEARCH INVESTMENT 
DURING 2005 
Cancer research is carried out in universities, colleges and 

hospitals throughout Ireland. However, currently the 

greater number of research centers exist in Dublin. 

The table below shows the spread of funding by Cancer 

Research Ireland, for basic laboratory research on an 

institutional basis throughout Ireland during the period 

2004 to 2005. 

Table 2 

Institution 
Total 

Funding 

% 
of Total No. of 

Spend Projects 

Trinity College Dublin/ €534,790 
St. James's 

University College Dublin/ €546,955 
Mater / St. Vincent's 

University College Cork/ €284,351 
Cork Cancer Research Centre 
/CUH 

Dublin City University €107,900 

St. Luke's Hospital €102,859 

Royal College of Surgeons €87,800 

University College Galway €61,000 

3 1 % 

32% 

16% 

6% 

6% 

5% 

4% 

9 

11 

5 

3 

5 

2 

1 

Total €1,727.655 100% 36 

CANCER RESEARCH IRELAND YEARBOOK 2004 I 2005 

HOW MUCH HAS THE SOCIETY INVESTED IN 
CANCER RESEARCH? 
Since 1964 the Society has funded almost €11 million in 

cancer research in Ireland. 

Over this time, we have funded 1,000's of individual 

scientific and clinical researchers. These researchers have 

conducted over 600 cancer research projects in hospitals 

and universities throughout Ireland. 

In addition to carrying out individual research projects, this 

funding has also helped educate hundreds of students to 

become the next generation of scientists and researchers, 

by achieving masters degrees or PhD's. 

Figure 3 showing the increase in research funding by Irish Cancer Society from 1964 - 2005 

€2.5m - ^ 

€2.0m _J 

€1.5m _J 

€1.0m _J 

€0.5m _J 

1 I 

1965 1970 1975 

Years • 
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WHAT TYPE OF CANCER RESEARCH 
PROJECTS HAVE WE FUNDED DURING 2005? 
The following tables show a breakdown of the projects 

funded by Cancer Research Ireland during 2005. It must 

be remembered that from year to year the distribution of 

types of research varies. Additionally the types of research 

funded in any year depend on the proposals received. 

Currently the CRI has an open call, where the research 

topics are proposed exclusively by the applicant. 

Table 3: Summary of projects funded by Cancer Research 
Ireland, grouped by cancer type. 

Cancer Type 

Bladder 
Breast 
Cancer Treatment 
Cancer Biology 
Cancer Immunology 
Colorectal 
Head and Neck 
Leukaemia 
Lumphoma 
Lung 
Myeloma 
Oesphageal 
Prostate 
Psycho-oncology 
Skin 
Stomach 

40 

Prevention 
O) 

Etiology 

" ( 3 ) 

Biology 

(18)" 
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CLINICAL RESEARCH 

The Society supports clinical research or clinical trials, by 
way of financial support for the All Ireland Co-operative 
Oncology Research Group (ICORG). ICORG is a charitable 
organisation set up to enable clinical trials in hospitals in 
Ireland. 

The purpose of ICORG is to provide an infra-structural 

matrix to facilitate the design and conduct of oncology 

clinical trials. ICORG provides procedural and practical 

help to any member or group of members wishing to 

conduct an executive approved clinical study. 

During 2004 to 2005, ICORG ran 23 different clinical trials 

accruing 764 patients in Ireland. ICORG received 

€300,000 in funding from the Irish Cancer Society. 

Cancer Type 

Breast 
Colorectal 
Fungal infections 
Lung 
Pancreas 
Prostate 

Total number of trials 
Total number of patients 

No. of Projects 

11 
4 
1 
3 
2 
2_ 

23 
764 

This funding was initiated in October 2003. It was the first 

time the Society launched a dedicated call for proposals 

concerning a specific area, with a specified pool of €770,000. 

The initiative succeeded in funding four projects that were 

highly recommended by international prostate cancer 

experts (projects listed with project codes beginning PCI). 

Of the four projects that were funded through this 

programme, the greatest share of funds (75%) was used 

to fund a large-scale, multi-institutional grant to the 

Prostate Cancer Consortium. The Dublin Molecular 

Medicine Centre (DMMC) co-ordinates this consortium 

through a directorate office operating independently of 

any of the institutions involved. 

The project brings together researchers from four 

hospitals: St. Luke's; St. Vincent's; St. James's and the 

Mater, together with UCD and Trinity College Dubl.n. In 

total over 22 different investigators comprising surgeons, 

Introduction 

radiation and medical oncologists, biochemists, 

pathologists and epidemiologists are collaborating. It has 

been an exciting development to see such a co-ordinated 

research effort take place across different institutions, 

medical and scientific disciplines. 

Announcement of funding for psycho-oncology projects 
(NEW) 
In 2004, Applications for funding were invited from 

interested professionals active in the area of psychosocial 

care of people with cancer. Funded programmes could 

include the psychosocial care for patients and their 

families, training or research. 

This particular programme resulted in selecting the top 

four proposals from a bank of 26 applications. Proposals 

were assessed by experts in the area of psycho-oncology 

from outside Ireland. The programme is currently 

operating at a cost of €300,000 per year and will run for 

two to three years. The four proposals address a wide 

variety of topics, such as ways to reduce isolation and 

depression effects felt by bone marrow transplant patients 

undergoing treatment, a family programme to reduce the 

impact of childhood cancer, professional psychological 

training for healthcare staff treating patients with cancer 

and distress management programme for patients 

affected by cancer. 

ONLINE GRANT APPLICATION SYSTEM 
Due to the increasing numbers of applications for funding 

over the past number of years, and due to the fact that 

grants are assessed by experts outside of Ireland, it was 

decided to implement an electronic Internet based grant 

application system. This system allows applicants to 

upload their resumes and grant proposals from any 

computer connected to the Internet. Additionally, it allows 

easy access for the panel of international external 

assessors to view and score efficiently. 

For 2004, the Irish Cancer Society received 54 grant 

proposals compared to 32 for 2003. It is hoped to expand 

the capability of this system to allow other grant schemes 

to use it simultaneously. 

CODING OF GRANTS USING CSO SYSTEM 
A key message that has been reiterated over the last 

number of years is that, on a European and national level, 

there is a great degree of fragmentation of resources for 

cancer research, and quite possibly a great deal of 

needless duplication of work. 

One of the suggested ways to combat this is by mapping 

out what areas of research are being conducted and use 

this map to encourage collaboration and to identify gaps 

and over subscription in particular areas of cancer research. 

One such initiative to combat this is currently being 

investigated by Cancer Research Ireland. It involves coding 

of all research projects and entry into a common database. 

This initiative is called the International Cancer Research 

Portfolio, (www.cancerportfolio.org). The benefits and 

obligations of this alliance are being explored. 

DEVELOPING A RESEARCH FUNDING STRATEGY 
Currently, basic cancer research funded by the Society is 

purely in response to requests from the research 

community in Ireland. It is reactive rather than proactive 

and in order to maintain support for the cancer research 

community in Ireland, it is probably necessary and 

appropriate to maintain this type of funding at a certain 

level (called Investigator-lead funding). 

Nevertheless, there has been a very positive response to 

last year's dedicated call for prostate cancer research 

proposals. We have seen that this type of funding has the 

potential to bring together many of the researchers 

working throughout a single area. In one particular case, 

core funding provided by the Society allowed the research 

group to apply for a range of other ancillary funding, 

leveraging our initial investment. 

However, an overall strategy is required in order to set 

funding priorities for the Society. It is proposed to prepare 

a strengths and weakness type report on cancer research 

funding by the Society, and to use this primer document 

to initiate a review of our research activities, including 

better use of the Cancer Research Ireland brand. 

CANCER RESEARCH IRELAND YEARBOOK 2004 I 2005 
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Introduction 

CHALLENGES FACING CANCER RESEARCH IRELAND 
• Increasing numbers of applications for funds 

• Support for collaborative efforts rather than just 
projects 

» Requests for enabling funds 

• Support for new researchers 

• Prevent duplication of research 

Encourage coordination of research 

Figure 5: Map showing centres where basic and translational cancer research is being carried out in Ireland 

& 

GALWAY 

NUI, Galway 

University College Hospital Galway 

LIMERICK 

University of Limerick 

DUBLIN 

Beaumont Hospital 

Dublin City University 

Dublin Institute of Technology 

Trinity College 

Royal College of Surgeons 

Mater Hospital 

NUI, Dublin 

St. Vincent's Hospital 

St. Luke's Hospital 

St. James's Hospital 

CORK 

NUI. Cork 

Cork Cancer Research Centre 

CUH 
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PERIOD 2004 -2005 

Research Output 

Publications, Posters and Oral presentations of 

cancer research findings based upon work supported 

by Cancer Research Ireland during period 2004-2005. 

- Output listed by cancer type 

SUMMARY 

During the period September 2004 to October 2005 

there were a total of 63 oral presentations, 17 

posters presented at scientific conferences, 14 articles 

in peer reviewed journals and 1 book chapter based 

on cancer research supported by Cancer Research 

Ireland. Additionally 1 patent was applied for and 5 

prizes were awarded for excellence in oral 

presentations and posters. 

BREAST CANCER 

BLADDER CANCER 

McCann Amanda et al. 

E-cadherin promoter methylation status and c-MET/HGF 
expression levels in transitional cell carcinoma of the 
bladder" [CRI03MCC] 

Oral Presentation 

• Meeting: Irish Association for Cancer Research (IACR) 
Annual Meeting, 11th-12th March 2005. 

Invited Talk as part of the Epigenetics Symposium [ Dr 
Amanda McCann] 

Title of talk: The Silent Invader. 

• Meeting: Irish Association for Cancer Research (IACR) 
Annual Meeting, 11-12th March 2005. 
Oral Presentation: Dr Paul Daly 

Title of talk:- E-cadherin (CDH1) Methylation status in 

Bladder Cancer using TagMan Real-Time PCR. 

Meeting: Annual North/South Bladder and Prostate 
Meeting 2004. 

Oral Presentation: Dr Paul Daly 

Title of talk: Analysis of the E-cadherin signalling 

pathway in transitional cell carcinoma of the bladder 

(TCCB), and its relationship to the epithelial 

mesenchymal transition (EMT) phenotype. 

Meeting: Conway Research Festival 2004. 
Poster Presentation: Dr Paul Daly 

Title of Talk: Epigenetic regulation of E-cadherin in 
Transitional Cell Carcinoma of the Bladder. 

Gallagher, William et al. 

Functional genomics of breast cancer: A focus on 
metastasis [CRI02GAL] 

• O'Brien. S., Duffy, M. ) . , Fox, E. J. R, Culhane A C 

Fagan, A., Costello, S. S„ Johnston, D. J., Dodrill G 

McCann, A. H„ Dervan, R A., H,gg,ns, D. G., O' Shea,' 

D. G., Landberg, G„ and Gallagher, W M (2004) 

B.omarker identi f icat ion via re-analysis of DNA 

m.croarray data and use of tissue microarrays: a 

focus on breast cancer. Proceedings of the American 

Association for Cancer Research, 45, Abstract 3441. 

Invited Oral Presentations 

• Gallagher, W. M. Gene expression prof i l ing in 

cancer: DNA microarrays and beyond. Gene 

Expression Profil ing in Cancer Mini-Symposium, St. 

James's Hospital, Dublin, 26 February 2005. 

• Gallagher, W. M. Proteomic investigations via 

ProteinChip and tissue microarray technology. 

Microbiology Department, Moyne Institute, Trinity 
College Dublin, 18 February 2005. 

• Gallagher, VV. M. Proteomic investigations via 

ProteinChip and tissue microarray technology. The 

Adelaide and Meath Hospital, Dublin, 15 February 2005. 

• Gallagher, W. M. Our experience w i t h SELDI 

technology: t w o case studies. Ciphergen Biosystems: 

Biomarkers to Assays Symposium, Milan, 18 May 2004. 

• Gallagher, W. M. Serum biomarkers for breast 

cancer ident i f ied by ProteinChip technology. 

European ProteinChip Symposium & User Meeting, The 

Gresham Hotel, Dublin, 5 - 6 May 2004 

Oral Presentations 

• Gallagher, W. M. Gene expression prof i l ing in 

cancer: mechanistic insights and biomarker 

discovery. Georg-Speyer-Haus, Frankfurt, 2 June 2004. 

• Gallagher, W. M. From genes to proteins: from 
genom.cs to proteomics. SFI Cancer Workshop, St. 
James's Hospital - Institute of Molecular Medicine, 13 -
14 May 2004. 
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PERIOD 2004 -2005 

Research Output 

Harmey, Judith et al. 
Insulin-like growth factor binding protein 4 in breast 
cancer and metastasis, [CRI02HAR] 

Oral Presentations 
• NICB (National Institute for Cellular Biotechnology) 

Biotechnology, Cancer & Drug Resistance Conference, 

Clontarf Castle, Dublin, July '03. PAPP-A regulates 

IGF1 bioactivity via cleavage of IGFBP4. 

• Sheppard Prize, Beaumont Hospital, Dublin, Feb '04 

IGFBP4 inhibits IGF1 driven tumour cell 

proli feration and VEGF expression 

• AACR (American Association of Cancer Research) 

Orlando Florida March '04 

IGFBP4 inhibits IGF1 driven tumour cell 

proli feration and VEGF expression 

• IACR (Irish Association for Cancer Research), Belfast, 

April '04. IGFBP4 inhibits IGF1 driven tumour cell 

proli feration and VEGF expression 

• RCSI Research Day, Royal College of Surgeons in 

Ireland, Dublin, April '04. IGFBP4 inhibits IGF1 driven 

tumour cell proliferation and VEGF expression 

Winner of best oral communication for: 

• Sheppard Prize, Beaumont Hospital, Dublin, Feb '05 

IGFBP4 inhibits IGF1 driven tumour cell 

prol i feration and VEGF expression 

• IACR (Irish Association for Cancer Research), Kilkenny, 

April '05.IGFBP4 inhibits IGF1 driven tumour cell 

proli feration and VEGF expression 

• RCSI Research Day, Royal College of Surgeons in 

Ireland, Dublin, April '05. IGFBP4 inhibits IGF1 driven 

tumour cell proliferation and VEGF expression 

• Royal Academy of Medicine of Ireland & Health 

Research Board . St. Luke's Young Investigator Award, 

April 05 Inhibit ion of Breast Tumour Growth using 

Protease Resistant IGF-Binding Protein 4. 

Young, Leonie et al 
Molecular mechanisms of Survivin regulation in breast 
cancer, [CRI02YOU] 

Oral Presentations 
British Endocrine Association, April 2005 

St. Luke's Young Investigator Awards in the Royal 

College of Surgeons, March 2005 

Irish Endocrine Association, November 2004 

Memorial Sir Peter Freyer Symposium, September 2004 

Conway Research Festival, September 2004 

Irish Association for Cancer Research and the Irish 

Society of Medical Oncology Joint Meeting, April 2004 

St. Luke's Young Investigator Meeting in the Royal 

College of Surgeons, February 2004 . 

Niamh Cosgrave was awarded a poster prize for 

her poster entit led 'Transcriptional regulation of 

Survivin in Breast Cancer' at the 2004 Irish 

Association for Cancer Research and the Irish 

Society of Medical Oncology Joint Meeting. 

Duffy, Michael et al. 
Mammaglobin as a marker for breast cancer, [CRI03DUF] 

. O'Brien NA, O'Donovan N, Ryan B, Hill AD, McDermott 

E, O'Higgins N, Duffy MJ. "Mammaglobin a in breast 

cancer: Existence of multiple molecular forms.", Int 

J Cancer. 2005 Apr 20; 114(4): 623-7. 

• Duffy MJ "Predictive Markers in Breast and Other 

Cancers: A Review.", Clin Chem 2005 Jan 6; 

Oral Presentations 
• Duffy MJ, "Mammaglob in : a breast-specific 

marker?". EORTC-RBG Meeting, Nijmegen, Oct 2004 

• Duffy MJ, "Mammaglobin: a breast-specific marker?". 

International Symposium on Biology and Clinical 

Usefulness of Tumor Markers, Barcelona, Feb 2004 

• Duffy, MJ, "Tumor markers in breast cancer, which one 

are clinically useful." Central European Conference on 

Tumor Markers, Prague, Oct 2004 

CANCER RESEARCH IRELAND YEARBOOK 2004 I 2005 

15 



PERIOD 2004 -2005 

Research Output 

CANCER BIOLOGY 
CANCER IMMUNOLOGY 

H 

England, Karen et al. 

Reactive oxygen species in apoptosis" [CRI03ENG] 

• England K, Cotter T. "Identification of carbonylated 
proteins by MALDI-TOF mass spectroscopy reveals 
susceptibility of ER.", Biochem Biophys Res Commun. 

2004 Jul 16; 320(1): 123-30. 

• England K, O'Driscoll C, Cotter TG. "Carbonylation of 
glycolytic proteins is a key response to drug-
induced oxidative stress and apoptosis.", Cell Death 

Differ. 2004 Mar; 11(3): 252-60. 

• Duverger V, Murphy AM, Sheehan D, England K, Cotter 

TG, Hayes I, Murphy FJ. "The anticancer drug 

mithramycin A sensitises tumour cells to apoptosis 

induced by tumour necrosis factor (TNF).", Br J 

Cancer. 2004 May 17; 90(10): 2025-31 

Oral Presentation 

• K.England "Oxidative protein damage in response 
to cytotoxic drug treatment results in modification 
of glycolysis." June 2004, Medical research Day, Cork 
University Hospital 

WALSH, John et al 

Endothelium as a target in the design of novel inhibitors 

of tumour angiogenesis / vasculature, [CRI03WAL] 

Poster Presentations 

• "Design, Synthesis and in vitro Evaluation of Novel 
Peptidyl Inhibitors of Aminopeptidase N" G.J. 

Hudson, E.M. McCormack, J.J. Walsh. 5th ESH 

Interdisciplinary Euroconference on Angiogenesis, 27 

May 2005 Sitges, Spain. 

• "Sodium Azide: a mild and selective deprotecting 
reagent for use in the synthesis of novel inhibitors 
of endothelial cell proliferation." M. M. White, J. J. 

Walsh. 5th ESH Interdisiplinary Euroconference on 

Angiogenesis, 27 May 2005 Sitges, Spain. 

Atkins, Gregory et al. 

New strategies for tumour treatment using the Semliki 
virus vector, [CRI02ATK] 

• Atkins GJ, Smyth JW, Fleeton MN, Galbraith SE, 

Sheahan BJ. "Alphaviruses and their derived 

vectors as anti-tumor agents.", Curr Cancer Drug 

Targets. 2004 Nov; 4(7): 597-607. 
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PERIOD 2004 -2005 

Research Output 

CANCER TREATMENT HEAD & NECK CANCER 

O'Connor, Robert et al, 

Advanced applied analysis of cancer chemotherapeutic 

agents, [CRI03OCO] 

Oral Presentations 

• "The Use of Liquid Chromatography Mass 

Spectrometry (LC-MS) for the Advanced Applied 

Analysis of Cancer Chemotherapeutic Agents" at 

the Royal Society of Chemistry, Biennial Conference in 

Analytical Science in Ireland, held at the University 

College, Cork on the 9-10th September 2004. 

• "Applications of LC-MS for the advanced applied 

analysis of cancer chemotherapeutic drugs" given 

at the Annual BioNet Conference in the Institute of 

Technology, Carlow on the 15-16th December, 2004. 

Poster Presentations 

• "Sensitive analysis of cancer chemotherapy drugs 

by LC-MS" at the NICB Open Day on June 11th 2004, 

• "The Study of the Pharmacokinetic and 

Pharmacodynamic profile of Chemotherapeutic 

Drugs on in-Vitro Cell Models" presented at the 

IACR Meeting in Kilkenny on the 11-12th March 2005. 

COLORECTAL CANCER  

Long, Aideen et al 

What is the leukocyte protein L-Plastin doing in colon 

cancer cells? [CRI04LON] 

Poster Presentations 

• Foran, E., McWilliam, P., Croke, DT and Long, A. A 

mechanistic role for L-Plastin in colorectal cancer 

progression? Poster presented at 'The molecular 

biology of colorectal cancer, UK' (A focussed meeting 

of The Biochemical Society), Bristol, UK, March 10-11 

2005. (Presented by E. Foran) 

• Foran, E., McWilliam, P, Croke, DT and Long, A A 

mechanistic role for L-Plastin in colorectal cancer 

progression? Poster presented at The Irish Association 

for Cancer Research annual meeting, Kilkenny, March 

11-12 2005. (Presented by A. Long) 

O'Regan, Esther et al. 

Genome wide investigation of head and neck squamous 

cell carcinoma in young patients, [CRI020RE] 

• Book Chapter: CGH array analysis of human 

tissues. O'Regan E, Finn S, Martin C, Smyth P, Sheils O, 

O'Leary J. In: The Science and art of laboratory 

Diagnosis (2nd Edition, John Wiley) March 2005 

• Finn SP, Smyth P, O'Regan E, Cahill S, Flavin R, O'Leary 

J, Sheils O. "Array comparative genomic 

hybridisation analysis of gamma-irradiated human 

thyrocytes.", Virchows Arch. 2004 Oct; 445(4): 3 

Oral Presentations 

• ' Absence of p16 deletions in HNSCC in young 

patients' was awarded the Stowell Orbison Prize at the 

USCAP annual meeting in Texas. March 2005, 

• 'Array CGH analysis of HNSCC in young adults', 

(was awarded the North American Head and Neck 

Society award at the USCAP annual meeting in 

Vancouver, March 2004) 

LUNG CANCER  

Armstrong, John et al. 

A strategy to quantify and reduce geometric uncertainty 

to improve the therapeutic ratio for lung cancer, 

[CRI03ARM] 

Oral Presentations 

• Thinon P, Kelly C, Petnehazi C, Armstrong J. Potential 

Role of Intensity Modulated Radiation Therapy in 

Dose per Fraction Dose Escalation for Patients with 

Non-Resectable Non-Small-Cell Lung Cancer. 46th 

Annual Meeting of American Society for Therapeutic 

Radiology and Oncology, Oct 2004 

• Kelly C, Thinon P, Petnehazi C, Armstrong J A 

"Tumour Control Probability based Approach to 

the Development of Plan Acceptance Criteria for 

Planning Target Volume in Intensity Modulated 

Radiation Therapy for Non-Small-Cell Lung 

Cancer" 46th Annual Meeting of American Society for 

Therapeutic Radiology and Oncology, Oct 2004 
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O'Shea E, Thirion P, Kelly C, Armstrong J. 

"Implementing ABC in Thoracic RT at St. Luke's 
Hospital". 8th Annual Conference of the Irish Institute 

of Radiography Nov 2004. 

Browne P, O'Shea E, McCloy R, Clayton-Lea A, Murphy 

M, Booth C, Murrells R, Thirion P. "Evaluation of 3 
Immob. Devices for Intra-Thoracic RT". 8th Annual 

Conference of the Irish Institute of Radiography Nov 

2004. 

LYMPHOMA 

PROSTATE CANCER 

Lawler, Mark et al. 

Understanding molecular influences on disease 
classification and response to therapy in haematological 
malignancy, [CRI04LAW] 

• Tracey L, Spiteri I, Ortiz P, Lawler M, Piris MA, Villuendas 

R. "Transcriptional response of T cells to IFN-alpha: 

changes induced in IFN-alpha-sensitive and 

resistant cutaneous T cell lymphoma." J Interferon 

Cytokine Res. 2004 Mar; 24(3): 185-95. 

OESOPHAGEAL CANCER 

O'SULLIVAN, Gerald et al. 

Induction of chemosensitivity in oesophageal tumours 
through addition of biochemical's" [CRI02OSU] 

Oral Presentation 

• 7th International Symposium on Predictive Oncology 
and Intervention Strategies. Nice, France, 2004. The 
role of Connexin 43 in oesophageal and kidney 
cancer. 

Poster Presentations 

• The role of connexin 43 in oesophageal and renal 

cancer presented at (The Irish Association for Cancer 

Research (IACR) / Irish Society of Medical Oncology 

(ISMO) Joint Cancer Research meeting, Belfast, 2004 

• The role of connexin 43 in oesophageal and renal 
cancer presented at The Medical Research Day, Cork 
University Hospital, Cork, May 2004. 

Watson, William et al 

Altering the anti-apoptopic phenotype of prostate 
cancer cells by RNA interface, [CRI03WAT] 

Poster Presentations 

• Resveratrol Sensitises Androgen Independent 

Prostate Cancer to TRAIL Induced Apoptosis 

Catherine Gill, Sinead Walsh, Colm Morrissey, John M. 

Fitzpatrick, R.William G. Watson. AACR: Basic, 

Translational and Clinical Advances in Prostate Cancer, 

17-21 November 2004, Bonita Springs, Florida. 

• Resveratrol Sensitises Androgen Independent 

Prostate Cancer to TRAIL Induced Apoptosis 

Catherine Gill, Sinead Walsh, Colm Morrissey, John M. 

Fitzpatrick, R.William G. Watson. IACR & ISMO Joint 

Cancer Research Meeting, 11-12 March 2005, Kilkenny. 

Oral Presentation 

• Prostate Cancer Cells are Sensitised to TRAIL-

Induced Apoptosis by the Chemopreventive Agent 

Resveratrol Catherine Gill, Sinead Walsh, Colm 

Morrissey, John M. Fitzpatrick, R. William G. Watson. 

International Society for Cellular Oncology, ISCO 2005, 

5-8 April, Queens University, Belfast. 

Hollywood, Donal; Lawler, Mark; Watson, William 
"Development of new diagnostic, prognostic and 
therapeutic agents in prostate cancer" [PCI03HOL] 

• Coffey RN, Morrissey C, Taylor CT, Fitzpatrick JM, 

Watson RW. "Resistance to caspase-dependent, 

hypoxia-induced apoptosis is not hypoxia-inducible 

factor-1 alpha mediated in prostate carcinoma 

cells.", Cancer. 2005 Apr 1; 103(7): 1363-74. 

• Long RM, Morrissey C, Fitzpatrick JM, Watson RW. 

"Prostate epithelial cell differentiation and its 

relevance to the understanding of prostate cancer 

therapies.", Clin Sci (Lond). 2005 Jan; 108(1): 1-11 

• Watson RW, Schalken JA. "Future opportunities for the 

diagnosis and treatment of prostate cancer.", Prostate 

Cancer Prostatic Dis. 2004 Sep; 7 Suppl 1:S8-S13. 
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Foley R, Hollywood D, Lawler M. "Molecular 

pathology of prostate cancer: the key to identifying 

new biomarkers of disease.", Endocr Relat Cancer. 

2004 Sep; 11(3):477-88. 

Foley R, Lawler M, Hollywood D. "Gene-based 

therapy in prostate cancer.", Lancet Oncol. 2004 

Aug; 5(8): 469-79. 

McCrohan Ann Maria, Morrissey Colm, O'Keane Connor, 

Mulligan Niall, Watson Chanel, Smith James, Fitzpatrick 

John M., Watson, R. William G. Effects of the dual 5 

alpha reductase inhibitor dutasteride on apoptosis in 

primary cultures of prostate cancer epithelial cells. 

European Urology Supplements 2003; 2(6): 129 

Presented At: 
- Irish Association of Cancer Research, Belfast, April 

2004 (Poster) 

-.North-South Meeting in Urology 28th May 2004, 

Dublin (Oral Presentation) 

-.Irish Association of Cancer Research, Kilkenny March 

2005 (Oral Presentation) 

-.Irish Society for Cellular Oncology, Belfast, April 2005 

(Poster) 

Walsh Sinead, McCrohan Ann Maria, O'Neill Amanda, 

Fitzpatrick John, Watson R William G. Inhibitors of 

Apoptosis Proteins in prostate Cancer 

Presented At: 
- Irish Association of Cancer Research, Belfast April 

2004 (Poster) 

- North-South Meeting in Urology May 2004 , Dublin 

(Oral Presentation) 

- 5th Symposium of the International Cell Death Society 

'Mechanisms of Cell Death', Maynooth, October, 2004 

(Poster) 

Walsh Sinead, McCrohan Ann Maria, O'Neill Amanda, 

Fitzpatrick John, Watson R William G. Identification of 

Novel Genes Associated with Apoptotic Resistance in 

Prostate Cancer Progression 

Presented At: 
- Annual Meeting of the Irish Society Of Urology, 

Galway, (Oral) Won medal for 'Best Oral Presentation' 

- AACR Special Conference in Cancer Research Basic, 

Translational, and Clinical Advances in Prostate 

Cancer, Florida, USA, November 2004 (Poster) 

Oral Presentation 
• Walsh Sinead, McCrohan Ann Maria, O'Neill Amanda, 

Fitzpatrick John, Watson R William G. Discovery of 

novel, anti-apoptotic genes associated with 

prostate cancer progression Presented at 

International Society for Cellular Oncology, Belfast, 

April 2005 

Poster Presentations 
• Walsh Sinead, McCrohan Ann Maria, O'Neill Amanda, 

Fitzpatrick John, Watson R William G. Investigation of 

novel genes associated with prostate cancer 

progression Presented at Irish Association of Cancer 

Research & Irish Society of Molecular Oncology Joint 

Cancer Research Meeting', Kilkenny, March 2005 

• R. Foley, K. Molloy, T Robson, D. Hirst, H. McCarthy, S. 

McKeown, D. Hollywood, M. Lawler. Development of a 

Tissue-Specific Prodrug Activation Vector Strategy for 

Prostate Cancer. Presented at Irish Association of Cancer 

Research . Kilkenny, 11-12 March 2005 

• Marignol L., Foley R., Hollywood D., Lawler M. 

Hypoxia-inducible suicide gene therapy strategy 

for prostate cancer. Presented at Irish Association of 

Cancer Research . Kilkenny, 11-12 March 2005 

• Perry A, Woodson K, Hanson J, Gately K, Foley R, Lynch T, 

Sweeney E, Hollywood D, Lawler M Exploiting 

promoter hypermethylation for the early detection 

of prostate cancer. Presented at Irish Association of 

Cancer Research . Kilkenny, 11-12 March 2005 

• R. Foley, D. Hollywood, M. Lawler. Presented at 

American Association of Cancer Research: Basic, 

translational and clinical advances in prostate 

cancer . Florida, USA, November 17-21, 2004 

O'Kennedy, Richard et al 
Novel approaches to generate improved methods for 
the detection of prostate cancer" [PCI030KE] 

• O'Kennedy, R, Leonard, P., Hearty, S, Brennan, J, 

Fanning, L., Dillon, M and Porter, A (2004) Exploiting 

monoclonal and recombinant antibodies for the 

development of surface plasmon resonance-based 

biosensor arrays for bacteria, drugs and tumour 

markers. Human Antibodies, 13(1,2): 31. 

CANCER RESEARCH IRELAND YEARBOOK 2004 I 2005 

19 



PERIOD 2004 -2005 

Research Output 

20 

. Dillon, P.P., Killard, A.J., Daly, S.J., Leonard, P. and 

O'Kennedy, R. (2005). Novel Assay Format Allowing 

the Prolonged use of Regeneration-Based Sensor 

Chip Technology. Journal of Immunological Methods, 

296(1-2): 77-82. 

. Dillon, M., Leonard, P. and O'Kennedy, R. (2005). 

Antibody-based diagnostics and their applications 

to the detection of prostate specific antigen. 
Submitted to Analytical Letters, April 2005. 

Oral Presentations 

• Leonard, P., O'Kennedy, R., Hearty, S., Brennan, J., 

Fanning, L., Dillon, M. and Porter, A. (2004). 

Exploiting monoclonal and recombinant 

antibodies for the development of surface 

plasmon resonance-based biosensor arrays for 

bacteria, drugs and tumour markers. 11th 

International Conference on Human Antibodies and 

Hybridomas, Dublin, Ireland, 6th-8th October. 

• O'Kennedy, R., Leonard, P., Hearty, S., et. al. (2005). 

Novel Developments and Applications of 

Biosensors. International Bioinformatics Workshop, 

Feb 16th, Dublin City University. 

• Leonard, P., Hayes, C, Dillon, M., Sheehan, C. and 

O'Kennedy, R. (2005). High throughput kinetic 

analysis of anti-PSA antibody fragments using the 

new Biacore A100 array biosensor. Invited 

presentation at the Biacore International Symposium, 

Philadelphia, August 2005. 

• O'Kennedy, R. (2005). Cancer and the Immune 

Response. London International Youth Science Forum, 

invited presentation, August 2nd 2005 

SKIN CANCER  

CARTY, Michael et al. 

Analysis of RAD30 mutations in skin tumours, [CRI02CAR] 

• O'Neill, A., Flanagan, A.M., Rafferty, G., McCann, J., 
Maher, M.. Carty, MP. (2004) The RAD30 cancer 
susceptibility gene: characterisation in individuals 
with BCC or SCC. British 

Oral Presentation 

• Association of Plastic Surgeons Meeting, Royal College 
of Surgeons, Dublin 2004 

Poster Presentation 

• G. Rafferty, A. M. Flanagan, A. O'Neill, J. Kelly, J. 

McCann and M. R Carty. Analysis of DNA polymerase 

gene expression in human skin tumours by RT-PCR and 

real-time PCR. Irish Association for Cancer Research 

Annual meeting, Kilkenny, March 2005 

Carty, Michael et al. 

The role of human RAD30 in the cellular response to 
chemotherapeutic agents, [CRI03CAR] 

Oral Presentation 

• Irish Area of Cancer Researchers Meeting, Kilkenny, 

Ireland 11th - 12th March 2005 Glynn M.T., Cruet-

Hennequart S., Coyne S.M., and Carty M.P. Title: The 

chemotherapeutic agents cisplatin and mitomycin 

C activate DNA damage response pathways in 

human cells - Prize Awarded 

• Biochemistry Society, Irish Area Section Meeting, 

Inflammation and Haemostasis, Coleraine, Northern 

Ireland, September 11th - 13th 2004 Glynn M.T. and 

Carty M.P. Title: UV-induced hyperphosphorylation 

of RPA p34 in XP variant cells lacking DNA 

polymerase - Prize Awarded 

• Cruet-Hennequart S., Coyne S.M., Oakley G.G., Glynn 

M.T. and Carty M.P. Int. J. Mol. Medicine Vol 14 Suppl. 

1 2004 , Proceedings of the 9th World Congress on 

Advances in Oncology/7th Int. Symposium of 

Molecular Medicine 

Poster Presentation 

• Irish Area of Cancer Researchers Meeting, Kilkenny, 

Ireland 11th - 12th March 2005 Coyne S.M., Cruet-

Hennequart S., Glynn M.T. and Carty. M.P. 

Title: Development of cell lines expressing 

tetracycline-inducible DNA polymerase h, to 

investigate cellular responses to UV and cisplatin. 
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BLADDER CANCER 

2 Projects 
Project Title: E-cadherin promoter methylation status 

and c-MET/HGF expression levels in transitional cell 

carcinoma of the bladder 

Principal Investigator: Dr Amanda McCann 

Research Location: Conway Institute, National 

University of Ireland, Dublin 

Funding: €75,365 Project CodeCRI03MCC 

Project Title: Epithelial Mesenchymal Transition (EMT) 

markers as predictors of recurrence in transitional cell 

carcinoma (TCC) of the bladder 

Principal Investigator: Dr Amanda McCann 

Research Location: Conway Institute, National 
University of Ireland, Dublin 

Funding: €38,500 Project Code: CRI04MCC 

BREAST CANCER 
5 Projects 
Project Title: Functional genomics of breast cancer: A 

focus on metastasis 

Principal Investigator: Dr William Gallagher 

Research Location: Conway Institute, National 
University of Ireland, Dublin 

Funding: €54,178 Project Code: CRI02GAL 

Project Title: Insulin-like growth factor binding protein 4 

in breast cancer and metastasis 

Principal Investigator: Dr Judith Harmey 

Research Location: Royal College of Surgeons in Ireland 
6 Beaumont Hospital 

Funding: €31,800 Project Code: CRI02HAR 

Project Title: Molecular mechanisms of Survivin 

regulation in breast cancer 

Principal Investigator: Dr Leonie Young 

Research Location: Conway Institute, National 
University of Ireland, Dublin 

Funding: €28,500 Project Code: CRI02YOU 

Project Title: Mammaglobin as a marker for breast cancer 

Principal Investigator: Professor Michael Duffy 

Research Location: Conway Institute, National 

University of Ireland, Dublin 

Funding: €53,000 Project Code: CRI03DUF 

Project Title: Genetic Determinants of Progression of 

DCIS to Invasive Breast Cancer 

Principal Investigator Professor Peter Dervan 

Research Location: Conway Institute, National 

University of Ireland, Dublin 

Funding: €66,000 Project Code: CRI04DER 

CANCER BIOLOGY  

3 Projects 
Project Title: Reactive oxygen species in apoptosis 

Principal Investigator: Dr Karen England 

Research Location: National University of Ireland, Cork 

Funding: €56,870 Project Code: CRI03ENG 

Project Title: Endothelium as a target in the design of 

novel inhibitors of tumour angiogenesis / vasculature. 

Principal Investigator: Dr John Walsh 

Research Location: Trinity College Dublin 

Funding: €26,000 Project Code: CRI03WAL 

Project Title: Functional screen for miRNAs regulating 

oncogenesis or tumor suppression in human cells 

Principal Investigator: Dr Charles Spillane 

Research Location: National University of Ireland, Cork 

Funding: €54,000 Project Code: CRI04SPI 

CANCER IMMUNOLOGY  

3 Projects 
Project Title: New strategies for tumour treatment using 

the Semliki virus vector 

Principal Investigator: Professor Gregory Atkins 

Research Location: Trinity College Dublin 

Funding: €51,159 Project Code: CRI02ATK 

Project Title: To elucidate the role of CD28 in cancer 

progression 

Principal Investigator: Dr Loraine Smith 

Research Location: National University of Ireland, Cork 
Funding: €46,190 Project Code: CRI02SMI 

Project Title: Heat shock protein-based tumour vaccines: 

Potentiation of responses through priming. 

Principal Investigator: Dr Deirdre Toomey 

Research Location: Trinity College Dublin 

Funding: €41,535 Project Code: CRI03TOO 
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CANCER TREATMENT LEUKAEMIA 

2 Projects 
Project Title: Advanced applied analysis of cancer 

chemotherapeutic agents 

Principal Investigator: Dr Robert O'Connor 

Research Location: Dublin City University 

Funding: €50,900 Project Code: CRI03OCO 

Project Title: Enhanced anticancer drug delivery via a 

combination of electrosensitisation and high frequency 

ultrasound 
Principal Investigator: Professor Gerald O'Sullivan 

Research Location: Cork Cancer Research Centre 

Funding: €57,000 Project Code: CRI04OSUG 

COLORECTAL CANCER 

3 Projects 
Project Title: Protease profiling in early colorectal 

cancer and its association with chromosomal 

abnormalities, anatomical stage and clinical progression. 

Principal Investigator: Dr Hugh Mulcahy 

Research Location: St. Vincent's University Hospital 

Funding: €28,577 Project Code CRI03MUL 

Project Title: What is the leukocyte protein L-Plastin 

doing in colon cancer cells? 

Principal Investigator: Dr Aideen Long 

Research Location: Royal College of Surgeons in 

Ireland 
Funding: €56,000 Project Code: CRI04LON 

Project Title: Role of Telomeres & Telomerase in 

Colorectal Cancer Development, Progression & 

Metastasis 
Principal Investigator: Dr Jacinta O'Sullivan 

Research Location: St. Vincent's University Hospital 

Funding: €41,000 Project Code: CRI04OSUJ 

HEAD & NECK CANCER 

1 Project 
Project Title: Genome wide investigation of head and 

neck squamous cell carcinoma in young patients 

Principal Investigator: Dr Esther O'Regan 

Research Location: St James"s Hospital & Trinity 

College Dublin 
Funding: €40,800 Project Code: CRI02ORE 

1 Project 
Project Title: Investigation of beta-galactoside binding 

protein as an anti-leukaemic agent 

Principal Investigator: Professor Mark Lawler 

Research Location: St. James's Hospital & Trinity 

College Dublin 
Funding: €38,300 Project Code: CRI02LAW 

LUNG CANCER  

1 Project 
Project Title: A strategy to quantify and reduce 

geometric uncertainty to improve the therapeutic ratio 

of radiation for lung cancer 

Principal lnvestigator:John Armstrong 

Research Location: St. Luke's Institute for Cancer Research 

Funding: Funding: 1st Year only 

Project Code: CRI03ARM 

LYMPHOMA 

2 Projects 
Project Title: Bfl-1/A1 expression and potential role in 

Hodgkin's Disease and Post-Transplant 

Lymphoproliferative Disease 

Principal Investigator: Dr Dermot Walls 

Research Location: Dublin City University 

Funding: €30,000 Project Code: CRI02WAL 

Project Title: Understanding molecular influences on 

disease classification and response to therapy in 

haematological malignancy 
Principal Investigator: Professor Mark Lawler 

Research Location: St James's Hospital & Trinity 

College Dublin 
Funding: €41,000 Project Code: CRI04LAW 

MYELOMA 

1 Project 
Project Title: Molecular epidemiology of myeloma 

influence of DNA repair genes 

Principal Investigator: Professor Mark Lawler 

Research Location: St James's Hospital & Trinity 

College Dublin 
Funding: €54,270 Project Code: CRI03LAW 
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OESOPHAGEAL CANCER 

2 Projects 
Project Title: Induction of chemosensitivity in 

oesophageal tumours through addition of biochemical's 

Principal Investigator: Professor Gerald O'Sullivan 

Research Location: Cork Cancer Research Centre 

Funding: €70,291 Project Code: CRI02OSU 

Project Title: Analysis of Vitamin C in the 

chemoprevention of oesophageal adenocarcinoma and 

as a modulator of sensitivity to chemotherapy and 
radiation therapy. 

Principal Investigator: Professor John Reynolds 

Research Location: St. James's Hospital 

Funding: €46,921 Project Code: CRI03REY 

PROSTATE CANCER  

6 Projects 
Project Title: Altering the anti-apoptopic phenotype of 

prostate cancer cells by RNA interface 

Principal Investigator: Dr William Watson 

Research Location: Conway Institute, National 
University of Ireland, Dublin 

Funding: €66,000 Project Code: CRI03WAT 

Project Title: Proteomic analysis of the impact of an 
EGFR antagonist on the combined hormonal therapy 
and radiation therapy of high risk localized prostate 
cancer 

Principal Investigator: Professor John Armstrong 
Research Location: St. Luke's Institute for Cancer 
Research 

Funding: €66,575 Project Code: CRI04ARM 

Project Title: Development of new diagnostic, 

prognostic and therapeutic agents in prostate cancer 

Principal Investigator: Professor Donal Hollywood 

Research Location: Trinity College Dublin, National 

University of Ireland, Dublin, St. Luke's Hospital, St. 

James's Hospital, St. Vincent's Hospital 

Funding: €194,805 Project Code: PCI03HOL 

Project Title: Impact of an educational support group 
Principal Investigator: Ms Anita O'Donovan 
Research Location: St. Luke's Institute for Cancer 
Research 

Funding: €37,694 Project Code: PCI03ODO 

Project Title: Novel approaches to generate improved 

methods for the detection of prostate cancer 

Principal Investigator: Professor Richard O'Kennedy 

Research Location: Dublin City University 

Funding: €27,000 Project Code: PCI03OKE 

Project Title: Predicting normal tissue toxicity in 

prostate cancer following 3D Conformal radiation 

therapy. A novel approach to the delineation of organs 

at risk and the use of individualised predictive indicators. 

Principal Investigator: Pierre Thirrion 

Research Location: St. Luke's Institute for Cancer Research 

Funding: Funding: 1st Year only Project Code: PCI03THI 

PSYCHO-ONCOLOGY  

4 Projects 
Project Title: Distress Management - The key to a 

comprehensive Psycho-Oncology service at Cork 

University Hospital Cancer Centre 

Principal Investigator: Dr Eugene Cassidy 

Research Location: Cancer Centre &Department of 

Psychiatry ,Cork University Hospital 

Funding: €109,000 Project Code: PSY04CAS 

Project Title: Evaluating the effectiveness of a 

therapeutic recreation family programme in reducing the 

psychosocial impact of childhood cancer 

Principal Investigator: Dr Suzanne Guerin 

Research Location: Dept. of Psychology, University 

College Dublin , Belfield, Dublin 4 

Funding: €18,000 Project Code: PSY04GUE 

Project Title: Open Windows: The provision of audio

visual images to reduce isolation in patients undergoing 

treatment for haematological malignancies 

Principal Investigator: Professor Shaun McCann 

Research Location: Dept. of Psychology, University 

College Dublin , Belfield, Dublin 4 

Funding: €77,000 Project Code: PSY04MCC 

Project Title: A Continuous Professional Development 

Framework for Professionals and Volunteers Working 

with People Affected by Cancer 

Principal Investigator: Professor Anne Scott 

Research Location: School of Nursing, Dublin City 
University 

Funding: €96,000 Project Code: PSY04SCO 

CANCER RESEARCH IRELAND YEARBOOK 2004 I 

SKIN CANCER 

3 Projects 
Project Title: Analysis of RAD30 mutations in skin 

tumours 

Principal Investigator: Dr Michael Carty 

Research Location: National University of Ireland, 

Galway 
Funding: €29,500 Project Code: CRI02CAR 

Project Title: Protein tyrosine phosphatases in human 

melanoma genesis, a functional study using genetic 

suppressor elements. 

Principal Investigator: Dr David Easty 

Research Location: Conway Institute, National 

University of Ireland, Dublin 

Funding: €58,835 Project Code: CRI02EAS 

Project Title: The role of human RAD30 in the cellular 

response to chemotherapeutic agents 

Principal Investigator: Dr Michael Carty 

Research Location: National University of Ireland, Galway 

Funding: €31,500 Project Code: CRI03CAR 

STOMACH / OESOPHAGUS CANCER  

1 Project 
Project Title: Deciphering the common promoters of 

upper gastrointestinal cancers 

Principal Investigator: Dr Peter Doran 

Research Location: Mater Hospital 

Funding: €37,000 Project Code: CRI03DOR 
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DR JUDITH HARMEY 

_DRWILLIAM GALLAGHER 

DRLEONIE YOUNG 

Breast Cancer 

COMPLETED CANCER RESEARCH PROJECT REPORTS 

PROJECT TITLE: 

CANCER TYPE: 

RESEARCH CENTRE: 

DURATION: 

Insulin-like growth factor binding 
protein 4 in breast cancer and metastasis 
[CRI02HAR] 

Breast Cancer 

Royal College of Surgeons in Ireland, 
Dept. Surgery, Education & Research 
Centre, Beaumont 
Hospital, Dublin 9 

3 years: October 2002 - September 2005 
DR JUDITH HARMEY 

PRINCIPAL INVESTIGATOR 

ABSTRACT 
Insulin-like growth factor (IGF) stimulates growth of breast 

tumours and development of blood vessels within these 

tumours. IGF binding protein 4 (IGFBP4) regulates the 

activity of IGF. When IGF is bound to IGFBP4, it is inactive 

and cannot stimulate tumour growth. However, a 

protease known as PAPP-A releases active IGF from 

IGFBP4. In this project we investigated the expression of 

IGFBP4 and the protease PAPP-A in primary and secondary 

tumours. In addition we developed a protease resistant 

IGFBP4 which 'mops' up IGF inactivating it. As it is 

protease resistant, the IGF cannot be released and is 

therefore inactive. We have shown that this protease-

resistant IGFBP4 inhibits tumour growth in mouse models. 

Arising from our work to date, we intend to develop 

recombinant protease-resistant IGFBP4 as a potential 

therapy for breast and prostate cancer. 

SCIENTIFIC REPORT 
One of the most serious and deadly aspects of cancer is 

metastasis. Bone metastases have been identified in as 

many as 54% of cancer patients autopsied.O) In breast 

cancer patients autopsied the frequency is as high as 

84%. Bone metastases are usually resistant to 

conventional therapies and are a major cause of death in 

breast and prostate cancer patients. The 

microenvironment around secondary tumours is altered by 

the tumour cells. For example, breast cancer cells express 

high levels of growth factors and their receptors, which 

may have autocrine as well as paracrine effects disrupting 

normal bone homeostasis leading to the damage of bone 

tissue seen clinically.(2) Normal bone homeostasis is 

regulated by both systemic hormones and local growth 

factors, with insulin-like growth factors (IGFs) playing a 

pivotal role.(3,4) The IGFs and their main receptor, insulin

like growth factor receptor-l (IGFR-I), play important roles 

in fetal growth and normal growth and differentiation in 

a variety of tissues.(5,6) There are six high affinity IGF 

binding proteins, IGFBP-1-6.(7) These binding proteins 

modulate the bioavailability and biological action of IGFs. 

The IGF/IGFBP system is complex, with IGFBPs conferring 

functionality and tissue specificity to IGFs as well as acting 

as carriers.7 High levels of IGF1 are associated with poor 

prognosis in breast cancer(8,9) and we have evidence that 

it may be of particular importance in the growth of bone 

metastases. There is significant evidence that IGF-1 

promotes breast cancer and has a role in the progression 

of the disease. In vitro, IGFR-I is expressed by many breast 

cancer cell lines and IGF-1 ismitogenic.(10)Weandothers 

have shown that insulin-like growth factor 1 (IGF1) 

stimulates tumour cell proliferation and angiogenesis - the 

growth of new blood vessels - which is essential for 

tumour growth and metastasis. IGFBP4 (IGF binding 

protein 4) regulates the bioavailability of IGFI/II. When 

bound to IGFBP4, IGF1 is unable to bind to its receptors 

and stimulate proliferation and/or angiogenesis. PAPP-A 

(pregnancy associated plasma protein A) which was 

recently identified as the IGFBP4-specific protease( 11) 

cleaves IGFBP4, resulting in the release of bioavailable 

IGF1, which can then bind to its receptors and stimulate 

proliferation and angiogenesis (Figure 1). 

CANCER RESEARCH IRELAND YEARBOOK 2004 I 2005 



COMPLETED CANCER RESEARCH PROJECT REPORTS 

Breast Cancer 

30 

IGF stimulates 4T1.2 cell proliferation and VEGF 
production 

We have shown that 4T1.2 mouse mammary 

adenocarcinoma growth and production of the 

angiogenic protein VEGF (vascular endothelial growth 

factor) are stimulated by IGF1. In vitro, 4T1.2 cells produce 

IGFBP4 but not the PAPP-A protease. 

Although 4T1.2 tumour cells express high levels of IGFBP4, 

host cells within these tumours express high levels of the 

PAPP-A protease, which we have shown results in cleavage 

of IGFBP4 within these tumours. 4T1.2 tumours growing 

in bone contain particularly high levels of PAPP-A and 

consequently high levels of IGFBP4 cleavage fragments but 

NO intact IGFBP4 (Figure 2). In both tumours and normal 

tissues, PAPP-A and IGFBP4 are expressed in an inverse 

pattern - in tissues with high levels of PAPP-A, there is little 

or no intact IGFBP4 and tissues expressing high levels of 

IGFBP4 have low levels of PAPP-A. 

In vitro, in the absence of PAPP-A, 4T1.2 cells produce high 

levels of IGFBP4 which blocks IGF1 stimulation of tumour 

cell proliferation and VEGF production. Cells were treated 

with either IGF1 or a mutant IGF1 (IGF1RE), which is 

resistant to IGFBP4 binding. The mutant IGFBP4 resistant 

IGF1 that is not bound by IGFBP4 stimulates cell 

proliferation whereas wild type IGF1 bound by IGFBP4 does 

not. Similarly, IGF1RE stimulates production of the 

angiogenic factor, vascular endothelial growth factor, VEGF. 

Protease-resistant IGFBP4 inhibits tumour growth 
A protease-resistant clone of IGFBP4 was generated by 

changing the DNA sequence at the PAPP-A cleavage sites 

within IGFBP4 (a gift from James Fagin University of 

Cincinatti) 912). The altered DNA sequence results in 

amino acid changes at the cleavage site, such that the 

protein is resistant to cleavage by PAPP-A but retains its 

ability to bind IGF1. 

As the ABP4 protein cannot be cleaved by PAPPA, we 

hypothesised that IGF1 binding to the ABP4 protein will 

prevent IGF1 stimulation of tumour cell proliferation and 

VEGF production, thereby inhibiting tumour growth and 

metastasis. To establish the antitumour efficacy of ABP4 

protein, 4T1.2 mammary adenocarcinoma cells were 

transfected with control plasmid (pCMV), plasmid 

expressing wild type IGFBP4 (bp4), or plasmid expressing 

protease-resistant IGFBP4 (d7a). These transfected cells 

were implanted in the mammary fat pad of BALB/c mice 

(n=10/group) and the growth of tumours monitored by 

measunng mean tumour diameter every second day. ABP4-
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transfected 4T1.2 cells grew slower than control-

transfected cells resulting in a statistically significant survival 

advantage (expressed as time to reach mean tumour 

diameter of 17 mm) (Figure 3). Data were analysed using 

Stata Release 8.2. Examination of the data showed that the 

survival curves for control and bp4 were similar, and a 

logrank test revealed no difference between the two groups 

(P=0.598). Compared with the control and bp4 groups, 

however, the d7a group had an extended survival (Chi-

sq=16.4, p < 0.0001). We did not select single cell clones of 

the ABP4-transfected 4T1.2 cells and there was also no 

selection pressure for plasmid-containing cells so it is likely 

that expression of the transfected gene may have been lost 

over time. These data clearly show that ABP4 inhibits 

tumour growth and no obvious toxicity was observed. 

In addition, 4T1.2 cells implanted in the mammary fat pad are 

capable of forming spontaneous lung and bone metastases. 

Serum bone markers suggestive of presence of bone 

metastases (calcium, phosphate and alkaline phosphatase) 

were measured from mice implanted with 4T1.2 cells 

transfected with pCMV, bp4 or d7a plasmids (Table 1). 

Table 1: Serum bone markers 

Calcium, phosphate and alkaline phosphatase were 

reduced in mice implanted with d7a-transfected 4T1.2 

cells relative to the control pCMV transfected cells, 

suggesting that bone metastases were reduced. This data 

clearly demonstrates that ABP4 will inhibit tumour growth. 

Ongoing Work 

We are currently staining sections from control, BP4- and 

ABP4-expressing tumours for proliferation (PCNA), 

apoptosis (TUNEL) and angiogenesis (CD31). We have 

evidence of increased endothelial cell apoptosis within the 

ABP4-expressing tumours suggesting an anti-angiogenic 

mechanism is involved in this inhibition of tumour growth. 

To investigate whether IGFBP4 and/or PAPP-A expression 

have prognostic value in predicting patients at risk from 

metastatic disease, we are currently staining a panel of 40 

human breast cancers, some disease free at 5 years and 

some with recurrent disease or distant metastases either at 

time of diagnosis or shortly after (ie within 1 year). 
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COMMUNICATIONS 
• NICB (National Institute for Cellular Biotechnology) 

Biotechnology, Cancer & Drug Resistance Conference, 

Clontarf Castle, Dublin, July '03. PAPP-A regulates IGF1 

bioactivity via cleavage of IGFBP4. 

• Sheppard Prize, Beaumont Hospital, Dublin, Feb '04 

IGFBP4 inhibits IGF1 driven tumour cell proliferation 

and VEGF expression 

• AACR (American Association of Cancer Research) 

Orlando Florida March '04 

• IGFBP4 inhibits IGF1 driven tumour cell proliferation 

and VEGF expression 

• IACR (Irish Association for Cancer Research), Belfast, 

April '04. IGFBP4 inhibits IGF1 driven tumour cell 

proliferation and VEGF expression 

• RCSI Research Day, Royal College of Surgeons in 

Ireland, Dublin, April '04. IGFBP4 inhibits IGF1 driven 

tumour cell proliferation and VEGF expression 

• Winner of best oral communication for: 
Sheppard Prize, Beaumont Hospital, Dublin, Feb '05 

IGFBP4 inhibits IGF1 driven tumour cell proliferation 

and VEGF expression 

• IACR (Irish Association for Cancer Research), Kilkenny, 

April '05. IGFBP4 inhibits IGF1 driven tumour cell 

proliferation and VEGF expression 

• RCSI Research Day, Royal College of Surgeons in 

Ireland, Dublin, April '05. IGFBP4 inhibits IGF1 driven 

tumour cell proliferation and VEGF expression 

• Royal Academy of Medicine of Ireland & Health 

Research Board St. Luke's Young Investigator Award, 

April '05. Inhibition of Breast Tumour Growth using 

Protease Resistant IGF-Binding Protein 4. 

SCIENTIFIC DEVELOPMENTS 
A US patent on the use of protease-resistant IGFBP4 to 

treat cancer was filed in February 2005 This has precluded 

publication of the data until this time. However, one 

manuscript is in preparation and another has been 

submitted to British Journal of Cancer. 

TRAINING 
Anthony Ryan Ph.D. 
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Figure 1 

A. IGF1 ( O ) bound to IGFBP4 

Stimulation of 

Angiogenesis Proliferation 

Figure 2 

B. IGF1 bound to protease resistant GFBP4 

Inhibition of 

Angiogenesis Proliferation 
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ABSTRACT 

This project set out to further the understanding of factors 

involved in metastasis in human breast cancer. As most 

patients die from distant metastases in breast cancer and 

little is known about the molecular determinants of 

metastasis, we aimed to elucidate factors involved in 

metastasis and ultimately worse patient outcome. DNA 

microarray analysis was carried out on primary breast 

tumours that differed in metastatic potential to elucidate 

gene expression differences between these two groups. 

However, as RNA is an inherently unstable molecule and 

time to tissue preservation is critical to RNA integrity, only 

a small percentage of tumours analysed met the strict 

criteria set for DNA microarray analysis. 

We then decided to proceed with the analysis of 

genetically related breast tumour cells that differed in their 

ability to invade in an artificial culture environment. The 

data was analysed using a variety of statistical methods, 

with evident differences seen in the levels of genes 

involved in proliferation, extracellular matrix remodelling 

and apoptosis, as invasive potential increased. We also re-

analysed the seminal study by van 't Veer and colleagues, 

published in the journal Nature in 2002. These authors 

identified a 70 gene expression signature that could 

determine the metastatic potential of a primary, node-

negative breast tumour from patients less than 55 years of 

age. To date, there are no biomarkers to further define this 

group or explain the differences in outcome. Surprisingly, 

none of the well established biological prognostic markers 

for breast cancer, such as the ER, HER-2, uPA or PAI-1, 

were listed in the 70 gene predictor set. This prompted us 
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to re-examine the data using between group analysis 

(BGA), a method that has proved successful in the analysis 

of DNA microarray data and has been published by 

Culhane et al., who collaborated with us on this project. 

Our top 70 genes associated with prognosis included 

genes involved in key processes such as checkpoint 

control, apoptosis and angiogenesis. The classification 

accuracy we achieved (84%) was comparable to published 

results. Importantly, we identified key genes highly 

associated with breast cancer prognosis, including 

S100A9, survivin, centromere protein-F (CENP-F), carbonic 

anhydrase IX, estrogen receptor alpha, lipophilin B and 

mammaglobin A, none of which were identified by the 

original authors in their gene signature. 

We then proceeded to validate these results at the protein 

level using tissue microarray technology (TMA) to examine 

the protein expression of these prognostic biomarkers in 

>100 breast tumours, simultaneously. These TMAs, made 

available to us through our collaboration with Prof. Goran 

Landberg, Lund University, Sweden, contain tumours 

collected from 1988-1992 and have extensive associated 

clm.copathological data. We have validated survivin, 

CENP-F and lipophilin-B, at the protein level using 

immunohistochemistry on these TMAs, with carbonic 

anhydrase IX and mammaglobin-A being presently fast-

tracked for analysis. We have shown that these factors are 

significantly associated with several tumour parameters 

including tumour grade, P53 mutation status, 

proliferation and VEGF expression. Importantly, we have 

shown that CENP-F is associated with reduced survival and 

COMPLETED CANCER RESEARCH PROJECT REPORTS 

we are now confirming this association on a larger cohort 

of 400 breast tumours. These results, provide further 

insights into proteins of largely unknown function and 

support previous findings, thus adding to our knowledge 

and that of the wider community. 

Finally, we have used ProteinChip technology to identify 

serum biomarkers of breast cancer. Our pilot phase results 

open up the possibility of using serum analysis as a non

invasive diagnostic tool in the detection of breast cancer. 

SCIENTIFIC REPORT 
Breast cancer is a heterogeneous disease with patient 

outcome varying widely within a clinically similar group. 

Clearly, differences exist in the underlying biology of 

tumour progression and dissemination throughout the 

body; however these processes are poorly understood, 

resulting in unsatisfactory patient management. 

The objectives of this project were: 

1. To define and validate genetic determinants of breast 

cancer metastasis. 

2. To identify new markers for assessing the metastatic 

potential of breast cancer. 

3. To identify new targets for anti-metastatic therapies. 

We used a variety of methods to address these objectives 

and the project results will be discussed under the 

following subsections: 

DNA Microarray Analysis 

To understand the differences in gene expression between 

breast tumours that form metastases and those that do 

not, we extracted RNA from a variety of breast tumours 

for use in DNA microarray-based transcriptomic studies. 

RNA was examined, initially by agarose gel electrophoresis 

and then by the Agilent Bioanalyzer, providing precise 

qualitative data on the RNA integrity of tumour samples. 

RNA has been extracted from a panel of breast tumours 

(n=24) using a variety of tissue preservation methods 

including liquid nitrogen, RNA-later and RNA-Later Ice. 

This extensive analysis of breast tumour samples identified 

time to tissue preservation as the most critical parameter 

determining the usefulness of a sample for large-scale 

RNA expression analysis using DNA microarrays. As a 

result of the sensitivity of this technique, due to the pre

requisite that the vast majority of RNA species remain 

intact, only - 1 0 % of tumours were amenable to DNA 

microarray analysis, making progression slow and 

statistical analysis difficult. 

Cancer 

We then decided to investigate the process of tumour cell 

invasion and determine the relationship between invasive 

capacity and global gene expression. We examined a 

series of isogenic breast cancer cell lines, differing only in 

their invasive capacity in vitro, in collaboration with Dr. 

Susan McDonnell (Department of Chemical and 

Biochemical Engineering, University College Dublin). These 

cells were generated from the parental Hs578T cell line, 

which originates from an estrogen receptor-negative 

carcinoma of the breast. As matched isogenic breast 

cancer cell lines are rare, it was decided to generate such 

a resource, selecting cells that invaded through a micro-

porous Matrigel-containing membrane. Invasive cells were 

then harvested, propagated and subjected to selection 

pressure again. This process was iterated 8 times, resulting 

in the selection of cells with an increasing propensity to 

invade. During each step in the process, cells were 

collected and preserved in duplicate for subsequent RNA 

analysis. We examined 4 discrete stages in the process, 

stages 2, 4, 6 and finally stage 8, and compared their gene 

expression patterns to the parental Hs578T cells. More 

than 500 genes were found to be correlated, either 

positively or negatively, with the acquisition of invasive 

potential in vitro. Genes associated with the poorly 

invasive, parental cells include keratin 18 (associated with 

a more differentiated phenotype), collagen type IX (an 

extracellular matrix protein), and the cell adhesion protein 

cadherin 12. There is an over-representation of genes 

involved in proteolysis, proliferation and anti-apoptosis in 

the more invasive cell line derivatives. 

As a follow-up to this work, we have been successful in 

our application to the Swedish Human Proteome Resource 

to generate antibodies against >250 genes that we have 

identified as being associated, either positively or 

negatively, with breast cancer metastasis. The genes 

selected for large-scale antibody generation were taken 

from analyses of a range of DNA microarray studies, 

performed either in-house or those made publicly 

available. Work on the generation of these antibodies 

began in March 2005 and is estimated for completion by 

the end of 2005. This will provide an opportunity to 

further investigate and validate the putative biomarker 

genes (identified in this and other studies) at the protein 

level using tissue microarray (TMA) technology. 

BioinformatfC Ana . 

We decided to re-analyse the van t Veer dataset which 

examined the gene expression patterns of early stage 

tumours (I or II), from node-negative patients, a patient 

group with a classically good prognosis but in which 
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heterogeneity exists, resulting in tumour recurrence in 

approximately 20-30% of patients [Early Breast Cancer 

Trialists' Collaborative Group, 1998]. To date, there are no 

biomarkers to further define this group or explain the 

differences in outcome. The 70-gene prognosis classifier 

identified by the authors, which is comprised of genes 

whose differential expression could reveal the metastatic 

potential of a tumour, contained a large number of 

unknown or unexpected genes. Nevertheless, this dataset 

forms the basis of a clinical trial known as MINDACT, 

which aims to validate the efficacy of using the identified 

classifier, with a view to refining the selected genes for 

eventual clinical use. Given the large volume of data 

generated by a DNA microarray experiment, and the 

complexity of selecting a relatively small number of 

informative genes from the many thousands of genes 

represented by an array, warrants a second look at such 

potentially informative datasets. 

We used the statistical method of Between Group Analysis 

(BGA), which has been shown to be particularly suited to 

the analysis of DNA microarray data (Culhane et al 2002; 

0' Brien et al 2004). BGA has proven successful in its 

application to DNA microarrays, identifying disease-

related genes that were missed by other methods or 

required a number of methods to be used in combination 

(Culhane et al 2002). BGA is an efficient method to 

identify discriminating genes and enabling accurate 

sample classification. Results are graphically displayed, 

facilitating data interpretation. Using BGA, we generated 

a gene expression signature comprised of 70 genes 

associated with prognosis, including genes involved in key 

processes such as checkpoint control, apoptosis and 

angiogenesis. Genes we identified as highly associated 

with poor prognosis included S100A9 (previously 

associated with inflammation, and more recently with 

tumour development and metastasis), survivin (an 

inhibitor of apoptosis and mitotic regulator), cathepsin L2 

(a cysteine proteinase), BUB1 (a checkpoint kinase 

regulating the anaphase promoting complex or cyclosome 

APC/C), carbonic anhydrase IX (CAIX; a hypoxia-regulated 

enzyme involved in tumour cell survival) and 

adrenomedullin(an angiogenic peptide). Genes we 

identified to be highly associated with good prognosis 

included estrogen receptor alpha, serpinA3 (a protease 

inhibitor), as well as lipophilin B and mammaglobin A, 

which form a heterodimeric complex and are 

overexpressed in breast cancer, but whose function is 

unknown. None of these genes were identified by the 

original 70-gene classifier. 
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The classification accuracy we achieved using the original 

training and test samples was comparable to published 

results, at 84%. When we extend our 70-gene list to our 

top 200 prognositic markers, other genes known to play a 

role in carcinogenesis or breast cancer biology such as 

progesterone receptor, keratin 18, S100A7, NEK2, CENP-

F, EX01 and thymidine kinase 1 are included. 

A heatmap of these top 200 prognosis-associated genes 

reveals a striking gene expression pattern that 

encompasses a small number of samples from both good 

and poor prognosis categories (Figure 1A). These samples 

are all estrogen receptor-negative, highlighting the 

influence of the estrogen receptor at the transcriptional 

level. With this in mind, it would be more informative to 

subdivide tumour samples according to both prognosis 

and estrogen receptor status, to enable accurate 

prognosis within a single oestrogen receptor group. In this 

dataset, sample number is a limitation, with only 17 out of 

78 tumours having an estrogen receptor-negative status 

There was, however, a degree of overlap between the 2 

methods of analysis, with 20 genes in common between 

the original 70-gene classifier and our top 200 genes and 

a further 40 common genes when the 70-gene prognosis 

profiler was extended to the 231 top genes associated 

with disease-specific outcome. 

The top 100 prognostic genes that we have identified as 

being highly associated with outcome have been included 

in our collaborative project with the Swedish Human 

Proteome Resource for the generation of specific 

antibodies against proteins for which no antibodies 

currently exist. This will greatly improve the level to which 

we can validate such DNA microarray data and identify 

new and as yet unknown proteins implicated in breast 

cancer and metastasis. 

There is a pressing need to integrate the vast wealth of 

pre-existing data from other transcriptomic studies of 

human breast cancer tissues. Indeed, >1,500 tumour 

tissues from breast cancer patients have been examined 

worldwide for disease-specific gene expression patterns by 

at least 30 studies using a variety of DNA microarray 

technologies (Table 1). A key aspect of appropriate data 

integration in this context is the use of relevant cross-

platform analysis techniques, such as co-inertia analysis. 

Using this approach, we have recently completed a proof-

of-principle cross-comparison of two breast cancer DNA 

microarray datasets, namely van 't Veer et al. (2002) and 

Huang et al. (2003), that were generated using either 

spotted oligonucleotide or Affymetrix GeneChip arrays, 
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respectively. From this, we were able to discern common 

sets of highly predictive genes, as well as rule out weakly 

or variably predictive genes (Figure 1B). 

Tissue Microarray Analysis 
We next decided to validate some of the genes identified 

as being associated with poor prognosis in an 

independent breast tumour cohort. Over 100 tumours are 

present on this breast tumour TMA, represented by 0.6 

mm cores, present in duplicate. These TMAs have been 

made available to us through our collaboration with Prof. 

Goran Landberg, a surgical pathologist (Lund University, 

Malmo University Hospital, Sweden). Biopsies were taken 

from this patient cohort between 1988 - 1992, with 

extensive clinicopathological data being available for this 

grouping. One of the first markers to be validated by us 

using this TMA was survivin. Survivin is overexpressed by 

most tumour types, as it provides a survival advantage to 

cancer cells. Survivin is also a mitotic regulator, though its 

precise role remains unclear. Survivin resides 

predominantly in the cytoplasmic compartment of the cell 

and is reported to be an indicator of poor prognosis in 

most cancer types. Its precise functions are not clearly 

understood; however, it is becoming evident that it may 

be useful as a biomarker, given its almost exclusive 

tumour-restricted expression and is a candidate drug 

target for clinical intervention. We show here that survivin 

protein expression correlates positively with VEGF 

expression (P = 0.004), p53 mutation status (P = 0.007), 

proliferation (P = 0.023) and tumour grade (P = 0.001). 

The association of VEGF and survivin expression is in 

agreement with previous findings that both survivin and 

VEGF are upregulated by hypoxia, indicating a hypoxic state 

of survivin-expressing tumour cells. It has also been reported 

that VEGF upregulates both survivin mRNA and protein 

expression in endothelial cells, enhancing endothelial cell 

survival during vascular remodelling. In addition, tumour 

cells may express the angiogenic growth factors VEGFR1 

and VEGFR2. Thus, VEGF expression by tumour cells may 

not only indicate a hypoxic state of the tumour, but may 

actually regulate survivin expression in tumour cells. 

Our findings that survivin expression is associated with the 

p53 mutation status of a tumour is significant as p53 has 

been shown to transcriptional repress survivin. Therefore, 

mutations in p53 may disrupt this transcriptional 

repression of survivin, thereby favouring survivin 

expression and tumour cell survival. Our results suggest 

that the integrity of wild-type p53 function is important in 

regulating survivin expression in vivo. 

We found that nuclear survivin expression correlated with 

Ki-67, a marker of cellular proliferation. The survivin delta 

exon 3 isoform accumulates in the nucleus and is found in 

cells expressing the proliferation marker Ki-67. However, 

this isoform does not associate with centrosomes or 

microtubules, indicating that it is functionally distinct from 

full-length survivin. Results to date suggest that survivin-

Ex3 retains its apoptotic activity and cell cycle-dependent 

expression pattern, but may no longer be involved in cell 

cycle regulation due to a loss of interaction with mitotic 

components of the cell. Therefore, the nuclear survivin 

expression that we see is likely to be as a result of survivin 

delta exon 3 isoform expression in proliferating cells. This 

isoform may have a specific role in inhibiting apoptosis in 

proliferating cells, as has been seen in normal endothelial 

cells during angiogenesis. 

Finally, we found that survivin expression was significantly 

associated with a higher tumour grade in primary breast 

tumours, indicating that survivin is associated with a more 

advanced form of breast cancer, perhaps due to its ability 

to inhibit apoptosis in proliferating cells. It has been 

suggested that survivin allows accumulation of mutations 

by inhibiting apoptosis, therefore participating in tumour 

progression rather than oncogenic transformation. Our 

results are in agreement with similar findings in a variety 

of cancers. A significant correlation between survivin 

expression and nuclear grade was found in hepatocellular 

carcinoma and paediatric ependymomas and CP tumours. 

In addition, expression of survivin was significantly 

associated with malignant grade of astrocytic tumours, 

soft-tissue sarcomas and endometrial carcinomas. 

Thus, we have identified survivin as a genetic determinant 

of breast cancer progression and validated its use as a 

biomarker in an independent breast tumour cohort. 

CENP-F is a centrosome-associated protein, interacting 

with kinetochores and other centrosome-associated 

proteins such as aurora kinase, the checkpoint kinase 

Bub1 and. It is absent from cells in GO and maximally 

expressed in cells at the G2/M phase of the cell cycle 

However, to date, its function remains unknown. We 

identified CENP-F as a gene associated with poor 

prognosis in breast cancer and examined its expression in 

our TMA cohort CENP-F expression was almost totally 

nuclear and was expressed by 90% of the tumours 

examined (Figure 2A). Here, we show that CENP-F protein 

expression correlated positively with survivin nuclear 

protein expression (P = 0.008), as well as tumour grade (P 

= 0.002) and proliferation (P = 0.015). These associations 
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further validate CENP-F in a more aggressive form of 

breast cancer. Significantly, Kaplan-Meier analysis showed 

that increased CENP-F protein expression was associated 

with worse overall outcome when expressed by >10% of 

tumour nuclei (P = 0.04) (Figure 2B). 

Interestingly, both survivin and CENP-F play a role in 

mitotic regulation. It is becoming apparent from DNA 

microarray studies that mitosis-related genes show altered 

expression levels in tumours from patients with a poor 

prognosis. It is noteworthy that such genes have become 

the latest targets of pharmaceutical companies. 

Carbonic anhydrase IX (CAIX) is gaining an increasing 

amount of attention as a hypoxia-regulated gene. Our 

analysis identified CAIX as a marker of poor prognosis in 

breast cancer. This is in agreement with recent findings 

identifying CAIX as a poor prognostic marker in renal cell 

cancer. CAIX is only expressed under hypoxic conditions 

and is thought to improve cell viability during low oxygen 

tension by maintaining physiological intracellular pH. 

Thus, CAIX may play an important role in tumour cell 

viability and support metastatic spread. We are now 

examining the expression pattern of CAIX in our 100 

tumour TMA cohort to determine its association with the 

other known clinical parameters in this grouping. CAIX is 

also a candidate therapeutic target, due to its specific 

tumour- and hypoxia-associated expression. Hypoxia is 

known to reduce the effectiveness of radiotherapy and 

chemotherapy and has been implicated to play a key role 

in metastatic spread (c-met). Targeting of CAIX with 

specific chemotherapeutic agents, as are currently being 

developed, would potentially reduce the viability of 

inherently resistant hypoxic tumour cells, thus favouring 

total tumour cell clearance and reducing the possibility of 

recurrence and metastasis. 

We are now following up these findings on a larger 

tumour cohort of 400 consecutive invasive breast tumours 

on a TMA recently acquired through Prof. Goran 

Landberg. This new TMA will enable the further validation 

of these proteins as key players in the metastatic 

phenotype in breast cancer. 

Proteinchip Analysis 

Proteomic profiling has been demonstrated to facilitate 

the discovery of new diagnostic entities for cancer 

detection. We have utilised ProteinChip technology using 

surface enhanced laser desorption-ionisation (SELDI) to 

identify novel serum biomarkers for breast cancer. We 

screened 62 serum samples, 33 from patients with breast 
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cancer and 29 from non-cancer controls, using this 

approach. Single marker analysis revealed a cluster of 

differentially expressed serum proteins between 11.4 kDa 

and 11.9 kDa. Four biomarkers of molecular mass 

55,750.4 Da, 11,422.6 Da, 3,654.9 Da and 3,850.9 Da 

were then selected according to their collective 

contribution with respect to optimal separation of breast 

cancer patients and non-cancer controls. Using these 

selected biomarkers, a specificity of 93% and a sensitivity 

of 85% was achieved. While further work is required to 

determine the identify these serum biomarkers, such 

proteomic profiles are likely to play an important role in 

the early detection of breast cancer. 

In conclusion, we have fulfilled the objectives of this 

project by defining determinants of breast cancer tumour 

cell invasion and metastasis and validated a number of 

these findings in a distinct breast tumour cohort. We have 

identified new markers for assessing the metastatic 

potential of breast cancers using TMAs as a tool and 

identified some of these markers as promising new targets 

for anti-metastatic therapies in breast cancer. 
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Figure 1: RE-ANALYSIS AND INTEGRATION OF DATASETS 

A. Re-analysis 

Heatmap of top 200 genes associated with metastasis, with blue and red indicationg low and high expression levels, 

respectively, in particular category of tumour samples. Selected genes highlighted, such as PGR and ESR1 ( i.e 

progesterone and estrogen receptors), as being highly expressed in certain groups 

B. Intergrat ion 

Van'tVeer & Huang 104 symbols in common 

KEY 
• < 1000 probe IDS/Genes 
• < 104 Gene symbols in common 

• • • • 
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RESEARCH IMAGES CONTINUED 

Figure 2: IMMUNOSTAINING AND SURVIVAL CURVE 

A. TMA containing 108 invasive breast cancers stained with anti CENP-F 

H+EX10 X10 X40 % 

Positive 

< 10% 

>10% 

B. Kaplan Meirer survival curve showing correlation of CENP-F wi 
with reduced survival 

<10% positve nuclei 
• >10% positve nuclei 
(survival: log rank p= 0.04) 
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Table 1: PUBLISHED DNA MICROARRAY DATA SETS ON BREAST CANCER BIOPSIES 

First author of relevant manuscript given, along with dinicopathological features resident w.thm respective dataset 

Y = data present or accessible 

N • data not present in clinical features given 

N/A = no clinical data available 

Shaded boxes indicate most similar to Van't Veer et al (2002) 
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ABSTRACT 

Breast cancer is the most common cause of death in 

females in Ireland. Women have a 1 in 12 risk of developing 

the disease in a lifetime. Effective treatment remains elusive 

due to the multifactorial nature of breast cancer. Breast 

cancer involves not only the control of circulating steroids, 

such as estrogen, but also locally produced growth factors. 

Elevation of circulating growth factors in patients with 

breast cancer correlates with a reduction in disease 

prognosis and a more angiogenic phenotype. 

Thanks to the sequencing of the human genome and 

modern screening technologies we have been able to 

analyse the make-up of thousands of tumours at a time, 

thus revealing factors related to the growth and 

development of the cancer. Central to breast cancer is the 

recent discovery of a protein called 'survivin'. Survivin, a 

growth factor related protein, along with similar proteins 

in its family, help tumour cells avoid natural programmed 

cell death therefore prolonging cell viability, which 

contributes to cancer by facilitating mutations and 

promoting resistance to therapy. Survivin is also known to 

be associated with poor prognosis and reduced overall 

patient survival. Targeting this survivin protein has been 

the focus of our work. 

Using cells derived from patients with breast cancer we 

have uncovered a protein intimately involved in the 

regulation of survivin levels in breast tumour cells. This 

protein is called 'myc' and is itself associated with many 

common cancers. Using advanced technologies to 

eliminate myc from breast cancer cells we have diminished 
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Molecular mechanisms of Survivin 

regulation in breast cancer [CRI02YOU] 

Breast Cancer 
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survivin expression and its corresponding cancerous 

effects. We have discovered a novel mechanistic pathway 

down-regulating survivin expression, which may lead to a 

decrease in the oncogenic properties of survivin in human 

breast cancer. 

Translating this research into clinical practice, by 

manipulating myc in patients suffering from breast cancer, 

may bring cancer cell growth back under control and 

improve patient survival. 

SCIENTIFIC REPORT 
Breast cancer is the most common cause of cancer deaths 

amongst Irish women. The cumulative risk to a woman of 

death from breast cancer before the age of 75 is 1 in 30 or 

2.8 %. This manifests itself as 1 in every 6 cancers in women 

being breast cancer (National Cancer Registry, 1995). 

Survivin is a member of the inhibitor of apoptosis protein 

(IAP) family. Present during foetal development (Adida et 

al, 1998b) survivin is undetectable in most healthy, 

differentiated adult tissues but prominently expressed in 

transformed cell lines and most common human cancers 

(Ambrosini et al 1997; Adida et al, 1998b; Chiou et al, 

2003). in cancer, survivin becomes dramatically 

overexpressed in response to oncogene activation and loss 

of P53 (Beltrami et al, 2004). Survivin lacks the carboxy-

term.nal RING finger, which all other IAP family proteins 

possess. This indicates a functional difference between 

survivin and the other lAPs (Ambrosini et al, 1997; Altieri 

and Marchioso 1999). 
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The mitogen activated protein (MAP) kinase pathway is a 

protein kinase cascade initiated by binding of growth 

factors to their tyrosine kinase receptors and eventually 

culminating in phosphorylation and activation of 

downstream targets, which include transcription factors, 

including the proto-oncogenic transcription factor c-Myc, 

as well as c-Fos and c-Jun. Mek phosphorylates these 

transcription factors, and they canthen translocate to the 

nucleus where they may activate or suppress the 

transcription of target genes. 

c-Myc belongs to the myc family of proto-oncogenes and 

to the basic helix-loop-helix leucine-zipper (bHLHZ) class of 

transcription factors. It is an early-response gene that is 

rapidly induced by a wide range of mitogens via the MAP 

kinase pathway, and is down-regulated during 

differentiation (Oster et al, 2002). The c-myc gene is 

overexpressed in most cancers. In order to activate 

transcription, c-Myc is required to heterodimerise with its 

partner, Max. Myc/Max recognises specific DNA sequences 

upstream of target genes, known as E-boxes, which 

contain a central canonical motif (usually CACGTG or 

some variation). c-Myc target genes are involved in a 

range of proliferation-associated functions, including cell 

cycle regulation, transcription, DNA repair, and apoptosis 

(Menssen and Hermeking, 2002; Dang, 1999). 

Classically, endocrine therapy has targeted circulating 

estrogen with aromatase inhibitors (Bonneterre et al, 2001) 

and the estrogen receptor (ER) with receptor modulators 

such as tamoxifen (Early Breast Cancer Trialists Collaborative 

group, 1992). Targeting of growth factors through receptor 

inhibition therapies such as herceptin (Ross et al, 2003) has 

revolutionised treatment of breast cancer in patients that 

have demonstrated resistance to standard endocrine 

therapies. Therefore we felt is was important to deduce the 

exact molecular mechanism of growth factor induced 

survivin regulation in breast cancer cells. 

Inhibitors of apoptosis aberrantly prolong cell viability and 

may contribute to cancer by facilitating mutations and 

promoting resistance to therapy. In breast cancer, growth 

factors including bFGF have been associated with poor 

prognosis and a more angiogenic phenotype. Survivin, 

along with other members of the inhibitor of apoptosis 

gene family, has emerged as a unique regulator of cell 

death through its response to locally produced growth 

factors, such as bFGF, which we have previously shown 

activate the MAP kinase pathway leading to the up-

regulation of genes associated with tumour progression, 

including survivin. Survivin appears to be an important 

cancer therapeutic target and modulation of survivin 

expression and/or function may provide rational 

approaches for cancer therapeutics. One of the major 

strategies for modulating survivin expression is control of 

its transcription. The transcriptional complex myc/max is 

an oncogene, which lies downstream of the MAP kinase 

pathway and we hypothesise that bFGF can mediate 

survivin expression by signalling through the myc/max 

transcriptional network. 

Specific Objectives Achieved 
1. bFGF regulation of survivin expression in breast cancer 

cells at a mRNA and protein level using Northern and 

Western blot analysis 

2. Localisation of survivin and the transcription factor c-

Myc protein expression in human breast tissue using 

immunohistochemical techniques and co-localisation 

of survivin and c-Myc using immunoflourescence and 

confocal microscopy 

3. Identification of transcriptional response elements in 

the survivin promoter using bio-informatic techniques 

and DNase footprinting studies 

4. Identification of the ability of bFGF to induce increased 

transcription factor-DNA binding at the c-myc response 

element using electromobility shift assays 

5. Demonstration of a role for c-myc in surviving 

regulation by transiently over-expressing c-Myc in breast 

cancer cells and observing a corresponding increase in 

survivin protein expression by western blot analysis 

6. Demonstration of a role for c-myc in surviving 

regulation by down regulating c-myc protein 

expression, using siRNA against c-myc, and observing a 

corresponding decrease in survivin protein expression. 

7. Correlation of survivin and c-myc in a cohort of primary 

breast tumours; statistical associations between 

expression of surviving and myc were observed. 

Results 
The ability of bFGF (1ng-5ng) to regulate survivin protein 

expression over a 24hour time period was determined by 

Western blot analysis. Survivin protein up-regulation was 

seen at 30mins following incubation with bFGF and 

continued to rise over 24hrs in the SKBR3 breast cancer 

cell line. Activation of c-myc and phospho-c-myc protein 

expression in response to the growth factors bFGF and 
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member and the transcription factor must both be 

expressed within the same cell. The ability of breast 

epithelial cells to co-express both survivin and Myc was 

successfully demonstrated using immunofluorescence and 

confocal microscopy (Figure 3B). A highly significant 

association between survivin and c-Myc (p=0.0001) was 

observed in a cohort of primary breast tumours, n=70. 

These data taken together support a role for myc in 
survivin's regulation. 

Discussion 

Breast cancer is not only under the control of circulating 

steroids, such as estrogen, but also locally produced 

growth factors, such as bFGF and EGF. Stimulation of the 

MAP kinase pathway activates a number of effector 

transcription factors such as jun, fos and c-myc. Activation 

of c-myc and phospho-c-myc protein expression in 

response to the growth factors bFGF and EGF was 

observed following 1 & 2 h incubations of SKBR3 cells 

with growth factors. Activation of these transcription 

factors has been associated with the increased expression 

of genes relevant to tumour progression and metastasis. 

Survivin has been shown to be upregulated by certain 

cytokines and growth factors, including bFGF and PDGF. 

Both of these cytokines are known to induce expression of 

genes crucial to cell growth via MAP kinase signalling. The 

involvement of this pathway in survivin upregulation has 

been demonstrated by suppression of PDGF-induced 

survivin expression in vascular smooth muscle ceiis by 

antagonists of Mek (MAP kinase/ERK kinase) and of PI3 

kinase, which are components of this cascade (Blanc-

Brude et al, 2002). In agreement with these finding we 

found bFGF-induced upregulation of survivin from 30mins 

over a 24 h time period. We have previously shown that 

inhibiting Erk _ prevented growth factor induced 

upregulation of survivin (Teh et al, 2004). Inhibition of de 

novo protein synthesis with cycloheximide modulated 

bFGF-mduced protein expression only at the later time-

point. Increases in survivin mRNA were detected at 24 h 

following bFGF treatment. Taken together, these results 

suggest that rapid elevation of survivin occurs at the 

translational. or post-translational level, whereas later 

regulation by bFGF can occur at the level of transcription. 

Survivin is frequently overexposed in malignant cells and 

we reasoned that the c-Myc oncoprotein might be an 

upstream regulator of survivin. It is postulated that survivin 

may be one of the target genes upregulated by c-Myc, 

oased on the overlap in their functions with respect to cell 
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cycle control and apoptosis. Indirect regulation of survivin 

by c-Myc occurs, as p53 is slightly upregulated by c-Myc 

(Sheen et al, 2003; Dang, 1999), and it has been 

demonstrated that survivin is one of the few genes 

transcriptionally repressed by p53 (Hoffman et al, 2002; 

Zhou et al, 2002; Beltrami et al, 2004). In addition, p53 

may transrepress cyclin B1, which phosphorylates survivin 

at threonine 34, a modification required for survivin's anti-

apoptotic activity (Taylor and Stark, 2001; Chiou et al, 

2003). c-Myc also upregulates this gene (Sheen et al, 

2003; Menssen and Hermeking 2002). In this study we 

demonstrate that c-myc binds to the survivin promoter at 

a consensus myc/max (E-box) binding site and that the 

growth factor bFGF can induce increased binding at this 

site, raising the possibility that c-myc could initiate survivin 

transcription. This appears to be the case from our 

overexpression studies whereby exogenous c-Myc 

increases survivin expression and siRNA against c-myc 

downregulates survivin, however survivin promoter 

luciferase assays directly assessing the functionality of c-

myc on the survivin promoter must be carried out before 

confirmation of c-myc's role in survivin regulation can be 

determined. We propose a model whereby direct binding 

of c-myc to the survivin promoter confers activation by c-

myc, via the growth factor induced MAP kinase pathway. 

To our knowledge, this is the first report to characterise at 

the molecular level a direct transcriptional control of 

survivin expression by the transcription factor c-myc. 

It is estimated that survivin is upregulated in around 60-

70% of breast cancers (Kennedy et al, 2003; Tanaka et al, 

2000). This high frequency of expression in cancer 

suggests that deregulation of survivin may be involved in 

tumourigenesis. In addition to poor response to 

chemotherapy, upregulation of survivin has generally been 

associated with increased tumour aggressiveness and 

decreased patient survival rates (Adida et al, 1998a; Tamm 

et al, 1998). Survivin expression levels in our patient 

population was 60%. Of the tumours positive for survivin, 

it was primarily localised to the cytoplasm. Some nuclear 

staining was also observed, although to a much lesser 

extent. However survivin exists in immunochemically-

distinct subcellular pools (Fortugno et al, 2002), with the 

anti-apoptotic form being cytoplasmic and spindle 

formation form nuclear. The survivin antibody used in this 

study was chosen because it was raised against the full-

length protein which is the most prominently expressed 

form. As it detects both nuclear and cytoplasmic survivin, 

the full profile of survivin protein expression was assessed, 

which maximised the detection of co-localisation with c-

Myc. Survivin's limited expression in non-neoplastic tissues 

st Lancer 

makes it an ideal candidate for a prognostic marker as well 

as a therapeutic target. 

c-Myc's correlation with prognosis and therapy is 

controversial, and may vary in different tissues and types of 

malignancy (Liao and Dickson, 2000; Schlotter et al, 2003). 

c-Myc expression was detected in 60% of our patient 

population which is in agreement with the levels reported 

by other immunohistochemical analyses of c-Myc in breast 

cancer, varying from 50 - 100% positivity (Spaventi et al; 

Sierra et al, 1999; Pietilainen et al, 1995). It was found to 

be predominantly nuclear however, localisation of c-Myc to 

the cytoplasm is not unusual, as despite being a 

transcription factor it is cytoplasmic in its unphosphorylated 

state, and temporarily translocates to the nucleus following 

phosphorylation and activation by ERK 1/2. 

Co-expression of multiple indicators is potentially more 

helpful, as it may facilitate identification of tumour subtypes 

that can be characterised for clinical endpoints such as 

response to chemotherapy or ability to metastasise. It was 

shown that co-expression of survivin and c-Myc was weakly 

associated with low tumour grade (p=0.044), but not with 

any other parameters tested. Overall, the expression of 

survivin and c-Myc, whether alone or co-expressed, has not 

been linked to any parameters of tumour progression. 

The highly significant association of survivin and c-Myc 

(p=0.0001) supports the hypothesis that c-Myc is involved 

in upregulation of survivin, and highlights a possible novel 

signalling pathway that has enormous potential as a 

therapeutic target. 
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Figure 3 : IMMUNOHISTOCHEMICAL LOCALISATION 

Figure 3 
Immunohistochemical localisation (A) of survivan 4X (I), survivin 40X (II), Myc 4X (III) and Myc 40X (IV), IgG control inset Immunofluoresence 

localisation (B) of survivin (I), Myc (II) and co-localisation of survivin and Myc (III) in breast cancer tissue (top panel) and SKBR3 cell line (bottom 

panel) using confocal microscopy. Arrow points to area of colocalisation in yellow DAPI stains nuclei blue. 
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ABSTRACT 
Viruses have long been considered as a potential form of 

cancer treatment because of their ability to destroy cancer 

cells. Thus the cell killing capability of the virus, which 

normally contributes to disease, can be used for the 

benefit of the patient. With the advent of molecular 

engineering techniques it has also been possible to deliver 

genes to tumour cells using viral vectors; this can be used 

both as a method to destroy tumour cells directly, and to 

stimulate anti-tumour immunity. A newer approach to 

using vectors for tumour treatment that has recently been 

developed is to target the tumour blood supply. In this 

project we have investigated all these approaches using a 

new viral vector, based on the Semliki Forest virus (SFV) 

genome. This virus is particularly suitable for cancer 

therapy since it has an inherent cell-killing capability and 

high biosafety. 

In this project, we investigated several strategies for the 

treatment of model mouse tumours using SFV vectors. 

This work has now been published in 3 papers and a 

review. A fourth paper has been submitted. The best 

strategy that we have so far designed is to use a new 

enhanced expression SFV vector expressing IL-12, which is 

a protein that stimulates an anti-tumour response and also 

inhibits blood vessel formation in the tumour. This is 

effective against rapidly growing metastasising tumours. 

Although we have tested a number of model tumours as 

well as treatment strategies so far, we now hope to 

concentrate on one incurable tumour and one treatment 

strategy with a view to an eventual clinical trial. 

SCIENTIFIC REPORT 
The aim of this project was to develop several strategies for 

treatment of solid tumours using the Semliki Forest virus (SFV) 

vector and to compare these using several animal models. In 

carrying out this work, we intended concentrating on fast-

growing otherwise untreatable tumours since such tumours 

are a major cause of death from cancer. The initial work that 

gave rise to this project was promising results on the 

treatment of human lung carcinomas implanted in nude 

mice. Since these tumours are relatively slow growing, we 

chose three fast-growing tumour models, which are 

syngeneic with immunocompetent mice: these are K-Balb 

cells (transformed fibroblasts), CT26 colon adenocarcinoma 

cells and 4T1 breast carcinoma cells. All are fast-growing 

tumours syngeneic with Balb/c mice, and in addition 4T1 cells 

form lung metastases that can be measured and counted. 

Although the strategies suggested in the original grant 

application were modified after consideration of 

experimental results, the main aim of the project was 

accomplished, that is to devise and compare effective 

strategies for the treatment of these tumours, which 

would serve as models for the treatment of fast-growing 

lethal tumours in man. 

Our first task was to finish work on the effect of 

recombinant particle administration on the growth of K-

Balb and CT26 tumours. The strategy here was to utilise 

stimulation of the immune system by vaccination to 'flag' 

tumour cells and eliminate them. This work was published 

and the abstract of the paper is shown below: 
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Treatment of rapidly growing K-BALB and CT26 mouse 
tumours using Semliki Forest virus and its derived vector. 

To assess the potential of immune stimulation in 

combination with apoptosis induction by Semliki Forest 

virus (SFV) and its derived vector for tumour treatment, we 

have utilized the poorly immunogenic and rapidly growing 

K-BALB and CT26 murine tumour models. Both cell lines 

underwent apoptosis and expressed viral antigen when 

infected with the SFV4 strain of SFV, or recombinant SFV 

(rSFV) virus-like particles (VLPs) encoding the p62-6k viral 

structural proteins. VLPs were used to immunize groups of 

BALB/c and BALB/c nu/nu mice prior to subcutaneous 

tumour induction and treatment. Direct intratumoral 

injection of VLPs or SFV4 resulted in an immediate and 

intense inflammatory reaction in immunized groups that 

was not observed in naive groups until day 5 of treatment, 

and was not observed in nu/nu groups. A significantly 

higher level of tumour growth inhibition was observed in 

immunocompetent groups than in athymic mice. For K-

BALB tumours, SFV4 treated groups showed greater 

inhibition than that observed in VLP-treated groups, with 

immunization prior to treatment enhancing the overall 

antitumour effect and immune response. No significant 

difference was observed in CT26 tumours between VLP 

and SFV4-treated groups, but prior immunization 

considerably enhanced the antitumoural response. It is 

concluded that use of the inherent apoptosis-inducing 

capability of SFV or its vector, by perfusion in combination 

with immune stimulation, may have potential for the 

treatment of rapidly growing tumours. 

• i 

PMID: 15372069 (PubMed - in process] 

Gene Ther. 2005 Jan; 12(2): 147-59. 

Smyth JW, Fleeton MN, Sheahan BJ. Atkins GJ. 

At this point we became aware of work being carried out 

at the Walton Centre, Liverpool, and by Regulon Inc. in 

Lausanne to develop SFV as a vector system for the 

treatment of brain tumours. This was being carried out in 

the laboratories of Dr N. Rainov and Dr. K. Lundstrom. 

They had investigated the use of an SFV vector expressing 

the cytokine IL-12 as a last resort therapy for malignant 

glioma. They utilized the liposome encapsulation system 

developed by Regulon to deliver the vector to the tumour 

cells. Previously this method had been shown by Regulon 

in clinical trials to be effective in the treatment of tumours 

with the cytotoxic drug cisplatin. They published the 

protocol for a clinical trial, but the application for this 

clinical trial was subsequently withdrawn following a 
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change in regulations at EU level and because more 

information was required regarding the efficacy and 

biosafety of the vector for the treatment of this tumour. 

The abstract of their paper is shown below: 

Immunogene therapy of recurrent glioblastoma 
multiforme with a liposomally encapsulated replication-
incompetent Semliki forest virus vector carrying the human 
interleukin-12 gene—a phase l/ll clinical protocol. 

Glioblastoma multiforme (GBM) is an incurable brain tumor 

resistant to standard treatment modalities such as surgery, 

radiation, and chemotherapy. Since recurrent GBM tends to 

develop predominantly within the infiltrative rim 

surrounding the primary tumor focus, novel therapy 

strategies need in addition to focal tumor destruction to 

target this somewhat diffuse area. This is a phase l/ll clinical 

study in adult patients with recurrent GBM which is aimed 

at evaluating biological safety, maximum tolerated dose, 

and antitumor efficacy of a genetically modified replication-

disabled Semliki forest virus vector (SFV) carrying the human 

interleukin 12 (IL-12) gene and encapsulated in cationic 

liposomes (LSFV-IL12). The vector will be administered in 

doses of 1 x 10(7)-1 x 10(9) infectious particles by 

continuous intratumoral infusion, thus exploiting the 

advantages of convection-enhanced drug delivery in the 

brain. The present protocol is also designed to investigate 

systemic and local immune response and to identify factors 

predicting tumor response to LSFV-IL12 therapy, such as 

volume of extracellular space of the tumor, volume of 

contrast enhancing lesion, and immune status of the 

patients. SFV, an insect alphavirus, infects mitotic and non-

mitotic cells and triggers apoptosis in tumor cells within 48-

72 h. Preclinical work with the LSFV-IL12 vector in breast 

and prostate cancer animal models demonstrated its 

biosafety and some antitumor efficacy. An ongoing phase I 

clinical study in patients with melanoma and renal cell 

carcinoma seems also to confirm the biosafety of 

intravenously administered vectors. This protocol will be the 

first study of SFV-IL12 therapy of human recurrent GBM. 

Publication Types: 

• Clinical Trial • Clinical Trial, Phase • Clinical Trial, Phase II 

PMID: 12952295 [PubMed - indexed for MEDLINE} 

J Neurooncol. 2003 Aug-Sep; 64(1-2): 147-54. 

Erratum in: * J Neurooncol. 2003 Nov; 65(2): 191 . 

(The erratum was the omission of the address for Regulon) 

Ren H, Boulikas T, Lundstrom K. Soling A, Warnke PC, Rainov NG. 

Department of Neurological Science, University of Liverpool. Liverpool, UK. 

COMPLETED CANCER RESEARCH PROJECT REPORTS 

Cancer Immunology 

We made contact with Drs Rainov and Lundstrom and 

arranged a meeting in Liverpool to discuss possible 

collaboration. We agreed at the meeting to collaborate in 

order to bring about the proposed clinical trial and to 

further develop this treatment system for tumour therapy. 

An application was made to Science Foundation Ireland 

for an industrial supplement to our SFI programme grant 

to develop Regulon's liposome system for vaccine 

administration, and this was funded in full. An IP 

agreement is currently being negotiated with Regulon and 

this will be equally applicable to the tumour therapy work. 

We also agreed to carry out further work with an 

improved enhanced vector obtained from the Karolinska 

Institute in Stockholm to try to improve the IL-12 vector. 

We cloned the IL-12 gene from mouse spleen (difficult 

because it is expressed as two subunits) and obtained an 

enhanced expression vector. We then carried out 

experiments with the three model tumours described 

above to test the efficacy of this vector, which was shown 

to be the most effective yet for tumour treatment. This 

work was submitted to Gene Therapy for publication. It 

has been returned for revision by the editor and we feel it 

should be accepted after revision. The unrevised abstract 

is shown below: 

Regression of mouse tumours and inhibition of 
metastases following administration of a Semliki Forest 
virus vector with enhanced expression of IL-12  

Summary 

The Semliki Forest virus (SFV) vector is an RNA-based 

suicide expression vector that has been used 

experimentally for tumour therapy. Recently, a new 

enhanced vector pSFV10-E has been developed that 

expresses foreign genes at levels up to ten times higher 

than the original vector. Interleukin-12 (IL-12), an 

immunomodulatory cytokine, plays a key role in the 

induction of T-helper1 (Th1) responses. The two IL-12 

gene subunits were cloned from mouse splenocytes and 

inserted into the pSFV10-E and pSFVIO (non-enhanced) 

vectors. Both constructs expressed and secreted 

biologically active murine IL-12. Administration of high 

titre rSFV10-E-IL12 particles to treat implanted K-BALB 

and CT26 tumours in BALB/c mice demonstrated 

complete tumour regression in comparison to control or 

rSFV10-IL12 treated groups. Histological and 

immunohistochemical studies revealed tumour necrosis in 

addition to aggressive influx of CD4+ and CD8+ T-cells 

and other immune cells. A tumour challenge in rSFV10-E-

IL12 treated K-BALB-regressed mice showed significant 

tumour inhibition for K-BALB cells but not for CT-26 

tumour cells, indicating that immunological memory was 

specific for the original tumour cells. Furthermore, 

inhibition of primary tumour growth and lung metastases 

of a metastatic (4T1) tumour model indicated the 

potential of high titres of rSFV10-E-IL12 particles as an 

efficient anti-tumour therapeutic agent. 

The figures appended to this report show the strategy for 

vector construction (Figure 1), the expression of IL-12 by 

the constructs (Figure 2), and a table showing the 

inhibition of lung metastases for the 4T1 tumour model 

(included as Figure 3). A figure showing the effect of vector 

administration on the growth of primary tumours is 

included in our new CRI application. All these are taken 

from the Gowda et al. paper that has been submitted and 

is presently being revised for publication. 

CP Chikkanna-Gowdal, BJ Sheahan2, MN Fleetonl and GJ Atkinsl 

Department of Microbiology, Moyne Institute, Trinity College, Dublin 

2, Ireland , Department of Veterinary Pathology, Faculty of Veterinary 

Medicine, University College Dublin, Belfield, Dublin 4, Ireland. 

We were also invited to write a review on the use of SFV 

vectors for tumour treatment and the abstract of this is 

shown below: 

Alphavimses and their derived vectors as anti-tumor agents 

The alphavimses Semliki Forest virus (SFV) and Sindbis virus 

have recently been developed as prototype anti-cancer 

agents. These are RNA-containing enveloped viruses that 

code for only 9 proteins of unique sequence. The standard 

recombinant SFV vector system consists of suicide particles 

containing recombinant RNA. In addition, alphavirus vectors 

capable of limited multiplication in the host are also being 

developed. Several strategies are being adopted to construct 

prototype SFV vectors for cancer treatment. These include: 

1) construction of both prophylactic and therapeutic 

vaccines to stimulate immunity to tumor-associated 

antigens, 2) use of apoptosis induction to destroy tumor 

cells, which includes both the use of the inherent apoptosis-

inducing ability of the vector and the action of pro-apoptotic 

genes cloned into the vector, and 3) expression of cytokines 

and other immunoregulatory proteins by the vector that 

enhance anti-tumor immune responses and/or inhibit tumor 

cell growth. This includes the use of cytokines such as IL-12 

that target angiogenesis. Sindbis virus appears to have a 

natural tropism for tumor cells that may allow targeting 

both of the wild-type virus and the vector. This approach 

may also be useful for targeting metastases For SFV, 

neurovirulence and/or neurotropism, as well as other tissue 
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damage, may preclude the use of unmodified replication 

competent wild-type virus in tumor treatment. However, it 

may be possible to use such a virus in animals that have 

been vaccinated, using a vector-derived vaccine. 

PMID: 15578917 [PubMed - in process] 

Curr Cancer Drug Targets. 2004 Nov;4(7):597-607. 

Atkins GJ, Smyth JW, Fleeton MN, Galbraith SE, Sheahan BJ. 

Department of Microbiology, Moyne Institute, Trinity College, Dublin 

2, Ireland. 

In a separate project we investigated the administration of 

cytokine-expressing vectors on the development of 

experimental autoimmune encephalitis, an inflammatory 

disease of the nervous system induced in mice and a 

model for human multiple sclerosis. The abstract of the 

paper published from this work is shown below: 

Effect of intranasal administration of Semliki Forest virus 
recombinant particles expressing reporter and cytokine 
genes on the progression of experimental autoimmune 
encephalomyelitis. 

We have initiated studies to determine the feasibility of 

employing the Semliki Forest virus (SFV) expression system as 

a central nervous system (CNS) vector. We investigated the 

effects of infecting Balb/c mice intranasal^ (i.n.) with 

recombinant SFV particles expressing the enhanced green 

fluorescent protein (EGFP) reporter gene. EGFP expression 

was detected by fluorescence microscopy in the olfactory 

bulb as early as 1 day postinfection. No pathological changes 

were associated with infection. Viral RNA could be detected 

in the olfactory mucosa only, whereas fluorescence was 

detected in axons in the olfactory bulb, indicating that only 

the expressed protein was present. A vector expressing 

interleukin 10 (IL-10) was constructed and shown to induce 

good cytokine expression in cultured cells. IL-10 expression in 

the nasal passage and olfactory bulb of infected mice was 

enhanced following in . administration of such particles. Mice 

induced for experimental autoimmune encephalomyelitis 

(EAE) were treated in . with vectors expressing EGFP and IL-

10 and with empty vector. The EGFP-expressing and empty 

vectors were found to exacerbate EAE. whereas that 

expressing IL-10 ameliorated EAE. It is concluded that the 

mice showed a significant biological response when treated 

i.n. with recombinant SFV particles and that such particles 

administered by the i.n. route have potential as a noninvasive 

vector for protein delivery to the CNS. 

PMK>: J4664790 (PubMed - indexed for MEDLINE] Mol Ther. 2003 

CANCER RESEARCH IRELAND YEARBOOK 2004 I 2005 

Jerusalmi A, Morris-Downes M M , Sheahan BJ, Atkins GJ. 

Department of Microbiology, Moyne Institute of Preventive Medicine, 

Trinity College, Dublin 2, Ireland. 

Although this is not directly cancer research, it shows that 

cytokines expressed from SFV vectors and administered 

intranasally do have a biological effect on the central 

nervous system (CNS) and so such a treatment strategy 

may be useful in future work on CNS tumours, perhaps as 

an adjunct to other treatment methods. We have initiated 

work also to use the vector to inhibit tumour angiogenesis 

by inducing immunity to vascular endothelial growth 

factor receptor (Flk-1). We intend to investigate this 

strategy for the final period of the project. We have 

already shown that peripheral administration of a vector 

expressing this protein inhibits primary tumour growth for 

our models, and also inhibits metastases. We have shown 

quantitatively that this is due to the inhibition of 

angiogenesis within the tumour. This work will be 

concluded and a paper submitted for publication in the 

near future. We feel that this anti-angiogenic treatment 

may also be a useful adjunct to other treatment methods, 

especially for gliomas, as these are highly vacularised 

tumours. 

A further benefit of this project will be that Mr. Chikkanna 

Gowda, a Research Assistant employed on the project, is 

now writing up his Ph.D. thesis and will submit this by the 

end of the project. 

Conclusion 
We feel that this project has accomplished all of its original 

objectives and moreover has indicated a new treatment 

method for currently incurable tumours that are refractory 

to conventional treatments. A further benefit has been the 

training of a highly talented graduate student who will 

continue in cancer research. Although the treatment 

strategies investigated were not entirely those indicated in 

the original application, we feel that these changes were 

necessary in the light of our own preliminary results and 

those of others, particularly after the contact with Drs 

Rainov and Lundstrom. Furthermore, the work at the 

Walton Center and by Regulon has indicated a treatment 

strategy that can be applied initially to a specific tumour 

which is currently incurable. We now intend to narrow our 

objective to the treatment of this tumour in collaboration 

with Drs Rainov and Lundstrom, but the results if positive 

should be applicable to other tumors. The most effective 

treatment strategy we have devised is use of the enhanced 

SFV vector expressing IL-12. We therefore intend to 

develop the IL-12 expressing vector, perhaps in 
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combination with anti-angiogenic therapy and therapy 

with other cytokines, as a treatment for malignant glioma, 

and to use the information thus generated to apply once 

again to conduct a clinical trial for the treatment of this 

tumour with an SFV vector. This will be done in 

collaboration with Dr. Rainov at the Walton Centre and Dr 

Lundstrom of Regulon inc. 

PUBLICATIONS 
• Atkins GJ, Smyth JW, Fleeton MN, Galbraith SE, 

Sheahan BJ. "Alphaviruses and their derived vectors as 

anti-tumor agents.", Curr Cancer Drug Targets. 

2004 Nov;4(7):597-607. 

• Smyth JW, Fleeton MN, Sheahan BJ, Atkins GJ. 

"Treatment of rapidly growing K-BALB and CT26 mouse 

tumours using Semliki Forest virus and its derived vector.", 

Gene Ther. 2005 Jan; 12(2): 147-59. 

COMMUNICATIONS 
This work was presented by Gowda Chikkanna at an EU 

consortium meeting in Tenerife in March 2004. I have 

presented this work at EU consortium meetings in Tallinn 

(September 2004) and Barcelona (March 2005). Gowda 

Chikkanna will present this work at a meeting of the 

American Association for Cancer Research in Anaheim, 

California in April 2005. 

SCIENTIFIC DEVELOPMENTS 
Chikkanna-Gowda, C. P., Sheahan, B. J., Fleeton, M. N., 

and Atkins, G. J. Regression of mouse tumours and 

inhibition of metastases following administration of a Semliki 

Forest virus vector with enhanced expression of IL-12. 

Submitted to Gene Therapy and accepted subject to 

revision. 

TRAINING 
Chikkanna Gowda Ph.D. (To be submitted) 
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ABSTRACT 
Head and neck cancer is a disease that affects the mouth 

and throat. It occurs predominantly in smokers and in 

males over 50 years of age. Recently, however, there has 

been an increase in the number of young people 

developing this disease, and many of these are female and 

have no history of tobacco smoking. 

The aim of this project was primarily to investigate head 

and neck cancer in these young people, and to compare 

them with the classic type of head and neck cancer that 

occurs in older people that smoke. 

To begin, we looked at the clinical profiles of young 

patients in Ireland that develop head and neck cancer. We 

found that the young patients with head and neck cancer 

were predominantly non-smokers and of the non-smokers 

the majority of them were female. The tongue was the site 

most affected and this data concurred with reports from 

many other countries on this disease. 

We then looked at the tumour tissue from some of these 

patients using a comparative genomic hybridisation 

microarray system and found that the young non-smokers 

were far more genetically stable than the old non-

smokers. This suggested that the head and neck cancer 

occurring in young people was a different type of disease 

to that found in old people. 

Many of the young patients that were tested did not smoke, 

so other possible risk factors needed to be investigated. We 

tested our samples for human papillomavirus and found that 

there was no significant difference between the presence of 

HPV in young HNSCC patients and old HNSCC patients. In 

fact, by using a technique to look at the carcinogenic effect 

of this HPV, we found an absence of HPV in the young 

female non-smokers, suggesting that HPV does not have a 

causative role to play in HNSCC in young non-smokers. 

Finally, we used a gene expression microarray platform to 

investigate the transcnptomic profile of the HNSCC. We 

found that the expression profile of young non-smokers with 

HNSCC differed a little from the profile of the old smokers. 

This is not surprising considering the similarities in 

histomorphology and phenotype between the two groups. 

In summary while there are significant differences between 

the young non-smokers and the smokers at a genome level, 

the differences between these two cohorts is not apparent 

at a transcriptome level. Also, we have discovered that HPV 

does NOT have a significant role to play in the development 

of HNSCC in these young non-smokers. 

This is the first time a group has identified on a genome wide 

level the differences between young non-smokers and the 

classic patient with HNSCC (the over 50 year old smoker) It 

is apparent that copy gain and loss do not feature m the 

development of HNSCC in young non-smokers However. 

we still don't know what molecular changes do feature m 

this cancer in young non-smokers. White these results have 

contnbuted a lot to our understanding of molecular changes 

in HNSCC, further investigations are needed using other 

molecular tools (i.e. SNP arrays) that wi help us identify 

these molecular changes. 
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Head & Neck Cancer 

SCIENTIFIC REPORT 
Objectives: 

The overall aim of this study was to identify differences 

between the increasing number of young adults that 

develop oral and pharyngeal cancer and the typical oral 

and pharyngeal cancer patients (i.e. older adult smokers). 

The specific objectives were: 

1. To examine the variation in site of occurrence, smoking 

status, alcohol consumption, haematologic status and 

tumour stage and grade and nodal status across age 

groups in Irish patients with oral and pharyngeal cancer 

2. To investigate the prevalence of human papillomavirus, 

and the expression of p16 in young adults with oral 

and pharyngeal cancer and compare this to older adults 

3. To investigate global DNA copy gain and loss in oral 

and pharyngeal cancer detected in young adults, and 

to compare this to the profile in older adults 

4. To analyse the expression profile of oral and pharyngeal 

cancer in young adults in order to evaluate 

pathobiology of the disease in this subset of cancers 

with a view to aiding earlier identification. 

Background 

Head and neck squamous cell carcinoma (HNSCC) is a 

major health problem worldwide accounting for 6% of all 

cancer (Vokes, 1993). Despite advances in treatment 

modalities, the prognosis still remains poor, with very little 

improvement in five-year survival from HNSCC over the last 

four decades. This tumour is typically seen in middle aged 

to elderly males and shows a strong association with 

tobacco and alcohol use, with these two risk factors 

contributing to approximately 75% of all oral and 

pharyngeal cancers in the United States (Blot, 1998). In 

most countries HNSCC incidence and mortality rates have 

been stable or increasing in the last four decades (World 

Cancer Report. 2003). The National Cancer Registry in 

Ireland reported very little change in incidence and mortality 

rates in these cancers (All Ireland Cancer Report, 2004) 

The results of many studies suggest that since the 1960s 

HNSCC, particularly tongue cancer is increasing in young 

adults internationally (Schantz, 2002; Llewellyn, 2003). In 

a number of studies published on young patients with 

HNSCC. it has been noted that there appears to be a 

distinct sub-sample of younger patients, particularly 

females, who reported little or no exposure to the major 

risk factor i.e. tobacco (Llewellyn. 2004). A detailed 
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analysis of a group of HNSCC patients in St. James 

Hospital in Dublin yielded a very similar profile to that seen 

in other developed countries. A considerable proportion of 

the young non-smokers were female, and the tongue was 

by far the most common site of development of the 

cancer (O'Regan, in press, BJOMS) 

Potential factors accounting for this increase in incidence 

of oral SCC in this age group are diverse and could reflect 

changes in dental care, diet, food processing, nutritional 

supplementation, sexual habits and their subsequent effect 

on biological processes. However, there remains no clear 

evidence to support the significance of any single 

determinant. All these recent findings warrant further 

investigation into whether other risk factors such as 

genetic predisposition or viral infections and sexual 

practices can account for the development of oral cancer in 

these young people. Despite the paucity of research into 

this subsection of oral SCC, there seems evident that the 

pattern of oral cancer is changing and it can no longer be 

assumed by health care professionals that the stereotypical 

patient with oral cancer is an elderly male smoker. 

A variety of genetic alterations and aberrant karyotypes in 

tumours of the oral cavity and pharynx have been 

characterised extensively. It remains unclear how these 

genetic alterations interfere with various steps in tumour 

progression. A high level of genomic imbalance found in 

head and neck cancers indicates that chromosome 

aberrations represent a very important mechanism of 

genetic instability. Molecular studies have shown that a 

number of chromosomal regions are consistently altered, 

such as gains on 3q, 5p, 8q, 11q13, and losses on 3p and 

9p (Hermsen, 1997; Gebhart, 2003; Wolff, 1998). 

Comparative Genomic Hybridisation Microarrays 
Genetic alterations have been recognised as important 

events in the carcinogenesis of head and neck SCC. A high 

level of genomic imbalance found in head and neck 

cancers indicates that chromosome aberrations represent 

a very important mechanism of genetic instability in these 

tumours. Comparative genomic hybridisation (CGH) 

studies have shown that a number of chromosomal 

regions are consistently altered, such as gains on 3q, 5p, 

8q, 11q13, and losses on 3p and 9p. The technique of 

CGH has been improved by the introduction of array CGH 

and by the use of laser capture microdissection to 

guarantee pure populations of tumour cells. 

Comparative genomic hybridization is a cytogenetic method 

that is capable of detecting and mapping relative DNA 
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sequence copy number variation across the whole genome in 

one single experiment, without the need for cell culture. It has 

been widely used to screen for multiple chromosomal 

aberrations in a variety of cancers (Struski, 2002), and can help 

identify genes involved in cell growth and tumourigenesis. 

CGH involves using disease or tumour specific DNA 

labelled with a green flurochrome, mixed (1:1) with normal 

(diploid) DNA labelled with a red flurochrome. The relative 

amounts of tumour and reference DNA bound at any given 

locus are dependent on the relative abundance of those 

sequences in the two DNA samples. The resulting green: 

red fluorescence ratio is the quantitative representation of 

loss or gain of genetic material. In short, gene copy 

number gain (amplification) produces an elevated green to 

red ratio, and copy number loss (deletion) at a specific 

locus result in a reduced green to red ratio. 

Fresh tumour samples were obtained from surgical 

resections of 20 previously untreated oral and 

oropharyngeal SCCs. Smoking status was ascertained 

from the clinical notes. The acquired tissue was snap 

frozen and stored at -80° until analysis. A consultant 

pathologist verified the presence of SCC on a frozen 

section, according to standard criteria. For each case 5 

frozen sections were cut, and stained with Haematoxylin 

and Eosin. From each section, malignant epithelial cells 

were isolated to obtain pure populations of squamous cell 

carcinoma. DNA was extracted and CGH performed using 

Vysis GenoSensor Array 300 platform. 

Profiles of young patients with oral SCC were compared 

with profiles of old patients. In concurrence with the 

literature, tumours from the older cohort manifested 

deletions involving 3p, and 9p21 and gains involving 3q, 

5q, 7p, 8q, 11q and 20q. The young group particularly the 

non-smokers showed very few changes overall, and the 

aberrations were not in the sites classically associated with 

oral cancer. Deletion of CDKN2A (p16INK4) was 

completely absent in the young group, while present in 

50% of the older cohort. This study shows that there is far 

less genomic instability in young non-smokers with oral 

cancer than found in the typical oral cancer patient. These 

observations indicate that oral cancer presenting at a 

younger age particularly in non-smokers has a different 

genomic profile to the classically described oral cancer 

(O'Regan, accepted, Head and Neck) 

Humanpapilloma Virus 16 and 18 
With the growing evidence of HPVs contribution to 

oropharyngeal carcinogenesis and with evidence of an 

increase in young female non-smokers developing oral 

and oropharyngeal cancer, we believed it would be helpful 

to investigate the prevalence of integrated HPV in these 

patients. 

Evidence of an increase in p16INK4 protein expression in 

young patients with oral and oropharyngeal SCCs (Li et al, 

2004) has been published, but no details regarding risk 

factors and gender were recorded in this study. To our 

knowledge, there are no published reports analysing 

p16INK4 expression in relation to all 4 factors: age, 

gender, risk factors and site. 

Having found a complete absence of p16 deletions in young 

non-smokers, we set about investigating p16 expression 

and HPV prevalence in the tumours of these patients. 

With DNA, RNA and paraffin sections from the tumours of 

25 oral and oropharyngeal cancers, we looked at p16 

mRNA expression, p16 protein expression, HPV DNA, and 

integrated HPV prevalence. 

Our results showed that p16 mRNA expression 

significantly correlated with p16 protein expression. 

Tumour site was significantly associated with p16 protein 

positivity, with tongue base showing the highest number 

of p16 positive tumours. There was no significant 

correlation between age, gender and smoking history, 

although there was a trend towards an association 

between low levels of p16 mRNA expression and over 

forty year olds (p=0.08). All of the HPV16 mRNA positive 

cases were male, while 75% were smokers. These findings 

coupled with the site predilection of HPV16 mRNA 

positive tumours for the oropharynx, suggest that it is 

unlikely that the HPV has a strong role to play in the 

tumours occurring in the young female non-smokers. 

Expression Microarray Study 
Findings from our CGH work suggest that the genomic 

profile of these young patients is very different from that 

of the typical oral and oropharyngeal cancer patient i.e the 

older male smoker. 

In order to compare the expression profile of the young 

patients with that of the old smokers, we designed a study 

to investigate the transcriptome profile of these cohorts. 

This is the first expression microarray study to examine 

transcriptome patterns in young nonsmokers with oral 

and oropharyngeal cancer compared to the old smokers. 

RNA was extracted from 20 fresh oral and oropharyngeal 

SCC samples and 2 samples of normal fresh oral mucosa. 
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We used a novel chemiluminescence expression array 

system to study the expression of 31,600 genes in our 

samples. Chemiluminescence provides improved 

performance by ensuring high signal to noise values in 

combination with low detection limits. 

We found that where high copy number gains were 

detected in the CGH studies (e.g EGFR), high expression 

levels were found in the expression array study. ANOVA 

tests revealed a number of statistically significant 

candidate genes whose expression distinguished between 

young non-smokers and old smokers. 

We have identified a small group of genes that distinguish 

the SCC found in young non-smokers from that found in 

old smokers. However, overall the SCC samples appeared 

somewhat similar irrespective of age and smoking status. 

We conclude that while the genome profiles between the 

young non-smokers and the classic (old smoker) patients 

are quite divergent, the transcriptome profiles are 

remarkably similar. This is not surprising considering the 

similarities found in histomorphology and phenotype 

between the two groups. 

Outcome 
This project has: 

1. resulted in the development of a research tissue and 

blood bank for HNSCC patients in St. James Hospital. 

2. identified significantly different genomic profiles in 

HNSCC in young non-smokers compared to old 

smokers. In particular, the tumour suppressor gene p16 

(which is deleted in 80% of the old smokers) had no 

evidence of deletions in the young non-smokers. 

3. shown that HPV is not a significant causative factor in 

HNSCC occurring in young adults, although it does 

have a role to play in a subset of oropharyngeal cancers 

4. The expression profiles of the young non-smokers did 

show some differences compared with the old 

smokers, however the profiles overall were similar. 

suggesting a transcriptomk convergence. Expression 

levels of MCM10 and CDC6 were significantly lower in 
young non-smokers. 

Future Work 

We aim to produce a number of publications from this 
project work (2 manscripts already in press, submitted). It 
is projected that three further publications will be 
submitted from this work. 
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Having established that there are significant differences 

between the genomic profiles of young non-smokers and 

old smokers, we would like to now identify what are the 

molecular changes involved in the development of HNSCC 

in young non-smokers. We would aim to do this by 

expanding our genome study to look not only at copy gain 

and loss, but also at single nucleotide polymorphism 

profiles. 

We also would like to apply this genome work to tissue 

that appears clinically normal in an effort to identify early 

molecular changes in tissue that would allow better 

prediction of where and when HNSCC would develop. 

We plan on further validating our MCM10 and CDC6 

findings by performing immunohistochemical studies on 

more cases of HNSCC. 

PUBLICATIONS 
• Book Chapter: CGH array analysis of human tissues. 

O'Regan E, Finn S, Martin C, Smyth P, Sheils O, O'Leary 

J. In: The Science and art of laboratory Diagnosis (2nd 

Edition, John Wiley)March 2005 

• Journal Article: microarray CGH analysis of HNSCC in 

young adults. Head and Neck accepted 

• Journal article: HNSCC in young Irish adults. BJOMS in 
press 

• Finn SP, Smyth P, O'Regan E, Cahill S, Flavin R, O'Leary 

J, Sheils O. "Array comparative genomic hybridisation 

analysis of gamma-irradiated human thyrocytes."', 

Virchows Arch. 2004 Oct;445(4):3 

COMMUNICATIONS 
Platform Presentations 
• Microarray Comparative Genomic hybridisation analysis 

of Head and Neck Squamous Cell Carcinomas 

occurring in young patients. 

• O* Regan EM, Smyth PA, Finn SP, Sheils O, Flavin RJ, 

O'Leary JJ, Toner M. Internation Association of Oral and 

Maxillofacial Pathology. Madrid 2004. Abstract 

published in Journal of Oral Pathology and Medicine 

Sept 2004 

• Genome wide evaluation of HNSCC shows distinct 

profile differences in young patients with no risk 

factors. Pathological Society of Great Britain and 
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Ireland Amsterdam 2004. Abstract published in Journal 

of Pathology 2004 

• Absence of chromosomal deletions in HNSCC in young 

patients. O'Regan EM, Sheils OM, Finn SP, Smyth PA, 

Cahill S, Flavin RJ, Toner M, O'Leary JJ. Irish Association 

of Cancer Research April 2004. 

• Microarray expression profiling of HNSCC in young 

patients. O'Regan EM, Sheils OM, Finn SP, Smyth PA, 

Cahill S, Flavin RJ, Toner M, O'Leary JJ Presented by P 

Smyth at the Applied Biosystems user group meeting, 

London, March 2005. 

Poster Presentations 
• Absence of p16 deletions in HNSCC in young patients. 

O'Regan EM, Sheils OM, Murphy N, Ring M, F. Inn SP, 

Smyth P, Cahill S, F. Lavin RJ, Toner M, O'Leary JJ 

Winner of Stowell Orbison award USCAP 2005. 

Abstract to be published in Modern Pathology. 

• CGH analysis of HNSCC shows distinct genomic profile 

in young adults with no risk factors. O'Regan EM, 

Sheils OM, Finn SP, Smyth PA, Cahill S, Flavin RJ, Toner 

M, O'Leary JJ. Winner of best Poster Head and Neck 

Section of USCAP 2004. Abstract published Modern 

Pathology Vol. 17 no. 1 (Supplement). 

SCIENTIFIC DEVELOPMENTS 
In March 2005, the work entitled ' Absence of p16 

deletions in HNSCC in young patients'was awarded the 

Stowell Orbison Prize at the USCAP annual meeting in 

Texas. 

In March 2004, the work entitled 'Array CGH analysis of 

HNSCC in young adults' was awarded the North American 

Head and Neck Society award at the USCAP annual 

meeting in Vancouver. 

TRAINING 
Esther O'Regan Ph.D. (Pending) 
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ABSTRACT 
Leukemia is a disease of the blood system. Understanding 

the biology of the disease is crucial to developing new 

diagnostics and new therapeutics. This project aimed to 

look at the ability of a naturally occurring molecule beta 

galactoside binding protein (BGBP) to kill leukemia cells in 

the laboratory. This molecule regulates the cell cycle which 

is an important part of controlling how cells divide and 

grow. In collaboration with collegues at Kings College 

London, we investigated the ability of this agent to kill 

leukemia cells while sparing normal blood cells. Initial 

studies focussed on leukemia cell lines and indicated that 

this agent showed activity against these cells in culture 

systems. In chronic myeloid leukemia (CML) where a 

specific acquired genetic abnormality (the P210 protein) is 

present which makes these cells resistant to chemotherapy 

induced cell death, BGBP was able to kill these cells and 

also bypass the ability of the P210 protein to prolong the 

life of leukemia cells. Mechanistic studies indicated the 

mode of action of BGBP in this leukemia. The agent was 

then tested in the laboratory on blood and marrow 

samples from patients with CML and again showed that it 

could kill the leukemia cells. Testing of normal blood and 

marrow cells indicated that they did not show significant 

evidence of cell death, indicated that this agent may have 

selectivity in killing leukemia cells. 

SCIENTIFIC REPORT 
Introduction 
Chronic Myelogenous Leukaemia (CML) is a haematological 

malignancy which is characterised at the cytogenetic level by 

the presence of the Philadelphia chromosome, the result of 

a translocation event t(9;22) between the c-abl gene on 

chromosome 9q and the bcr gene on chromosome 22q. This 

results in the production of a chimeric protein product 

p210 . Expression of the bcr-abl chimenc protein is the 

primary event in CML pathogenesis. CML cells are inherently 

resistant to apoptosis, display abnormal signalling and show 

a defect in adhesion. These properties have been linked to 

the activity of p210 . The p210 protein has 

enhanced tyrosine kinase activity , which is essential for 

transformation potential p210 has the ability to 

activate multiple signalling pathways including Ras/MAP 

kinase, PI-3-kmase and Jak/STAT , while also involving 

pathways relating to Myc The enhanced signalling activity 

results in an increased resistance to apoptosis A 

consequence of this increased resistance to apoptosis is that 

CML is refractory to chemotherapy Allogeneic stem cell 

transplantation (SCT) remains the only proven treatment 

associated with long term disease free survival but is limited 

by patient age and availability of donors The tyrosine kinase 

inhibitor, imatinib mesylate (Oliveo) directly Nodes the abl 

kinase activity of p210 r***, thus inhibiting CML cell growth 

and inducing apoptosis However resistance to imatmib 

mesylate has been reported To overcome drug resistance, 

novel strategies may focus on the use of naturally occumng 

molecules, such as surveillance molecules with the ability to 

selectively kill tumor cells 
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We hypothesise that b galactoside binding protein (pGBP), 

a 15kD immuno-molecule and an autocrine negative 

regulator of the cell cycle may have anti-leukemia 

properties. The gene encoding human pGBP has been 

localised to the long arm of chromosome 22 . Secreted by 

activated T cells and somatic cells, BGBP binds with a high 

affinity (Kd (10J°M) to 5 x 10* cell surface sites per cell to 

modulate tyrosine kinase signalling. Its particular 

involvement in Map kinase signalling and the ras signalling 

pathway prompted us to investigate its potential in CML 

as abnormal ras signalling is implicated in this disease. 

Results 
Initially we tested the ability of pGBP to induce apoptosis 

and cell cycle arrest in a panel of 4 CML cell lines K562, 

BV173, LAMA-84, KY01 which are all positive for t(9;22) 

and represent the two most common forms of the 

chimeric mRNA produced by the translocation. pGBP 

inhibited cell replication in each of the cell lines tested. 

Apoptosis was investigated by assessing cell cycle 

population distribution and DNA and indicated that CML 

cells exposed to pGBP were unable to enter GVM and 

following cell cycle arrest at 24 hours, the cells began to 

undergo progressive DNA fragmentation rising from 16% 

at 48 hours to 54% at 72 hours. 

While this result shows the potential for PGBP, it is a cell 

line model so we next tested the ability of pGBP to kill 

primary leukemia cells. Material was collected from CML 

patients at diagnosis (n = 13)., with informed consent. 

Material was also collected from normal bone marrow 

transplant donors at the time of harvest and normal 

hemopoietic cells isolated from bone marrow donors at 

harvest (n = 22) We examined these ex vivo cells and 

performed clonogenic assays to assess the effects of pGBP 

on the survival of CML cells isolated from patients at 

diagnosis Figure 1 shows a reduction in colony formation 

in CML cells treated with pGBP. The inhibition of survival 

does not greatly differ with times of exposure to pGBP, 

showing the following range of values: 12 hours (mean 

inhibition 5 1 % . range 31-63.5%), 24 hours (mean 

inhibition 45%, range 23-77%), 72 hours (mean 

inhibition 57.48%, range 38-78%) and 96 hours (mean 

inhibition 63.2%, range 36-88%). In contrast, the effect 

of pGBP inhibition on the survival of normal hemopoietic 

progenitors was minimal with values ranging as follows: 

12 hours (mean inhibition 10.23%. range 0-29%), 24 

hours (mean inhibition 16.39%, range 0-50%), 48 hours 

(mean inhibition 13.69%, range 0-36%) and 96 hours 

(mean inhibition 19.8%. range 0-45%). Comparison of 

the mean inhibition values obtained showed that at each 
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timepoint, the difference between the mean inhibition 

values of the CML samples versus those of the normal 

donors was statistically significant (12 hours p< 0.01, 24 

hours p<0.05, 48 hours p<0.05, 96 hours p<0.01). 

Therefore pGBP significantly reduced the survival of CML 

cells whilst causing minor inhibition of the proliferative 

capacity of normal hemopoietic progenitors. 

We next investigated the mode of action of pGBP in CML 

cells. As the P210 protein is responsible for resistance to 

apoptosis and abnormal signalling that is characteristic of 

CML, the effect of pGBP on P210 expression was 

investigated. Figure 2 demonstrates that p210BCRABL 

protein levels began to decrease from 40 hours, a time 

following growth arrest and preceding the development 

of apoptosis, with virtual disappearance of the protein at 

48 hours. However this occurs at the post-transcriptional 

level as real time PCR analysis indicates no effect on bcr-

abl mRNA expression following treatment with pGBP. This 

prompted evaluation of the signalling pathway in CML 

cells and how it is modulated by treatment with pGBP. The 

mitogen activated protein kinase (MAPK) associated 

pathways are extremely important components of the 

signalling pathways utilised by CML cells. Each of the 

three MAPK associated pathways (MEK/ERK, MEKK/SAPK, 

MKK/p38) plays differing roles in the transduction of extra 

cellular signal into intracellular responses and all were 

tested in CML cells following treatment with pGBP. After 

36 hours incubation with pGBP, there was a loss of the 

active form of p42 MAPK (ERK1). Therefore treatment 

with pGBP resulted in a loss of the phosphorylation state 

of p42. In addition, there was a down regulation of total 

p38 at both 48 and 60 hours after addition of pGBP. 

While a number of other signalling pathways indicated no 

changes following treatment with pGBP, the results above 

prompted us to examine the effects of pGBP on protein 

translation, particularly given the observation that bcr-abl 

mRNA is not affected following treatment with pGBP. 

Examination of the elF4E protein translational pathway 

indicated that pGBP is active in modulating the S6 

nbosomal protein pathway, thus indicating that down 

regulation of P210 is through translational inhibition 

associated with p70 S6 kinase and the oligopyrimidine 

tract in the mRNA of p210BCRA8\ Thus we have identified 

the mode of action of this novel agent. This mode of 

action has been described for other potential 

chemotherapeutic agents including rapamycin and arsenic 

tnoxide, further supporting a role for pGBP as a potential 

anti-leukemia agent. 
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Conclusion 
In conclusion, the results generated from this project 

indicates for the first time that the negative regulator of 

the cell cycle pGBP induces cell cycle arrest and cell death 

in chronic myeloid leukemia. Detailed molecular analysis 

has allowed definition of the mode of action of this agent 

which bypasses the apoptotic suppressor bcr-abl and 

achieves its effects through the map kinase and p70 S6 

kinase pathways. Further work will help establish its 

potential as a novel anti-leukemic agent. 

European Bone Marrow Transplant meeting 2003 

Irish Association for Cancer Research 2004 

TRAINING 
Suzanne McElwaine PhD. A portion of this work 

contributed to Suzanne McElwaine's PhD 

Neil Spellacy PhD. This work formed the basis for Neil 

Spellacy's PhD thesis 

PUBLICATIONS 
. P210 mediated resistance to apoptosis in chronic 

myeloid leukemia cells is overcome by the pGBP 

cytokine , Lawler M, Spellacy N., McElwaine S., Wells 

V., McCann SR., McElligott A., Mallucci L 

Manuscript submitted 

• Beta galactoside binding protein selectively induces 

apoptosis in CML cells and bypasses p210 (bcr-abl) 

Lawler M., Spellacy N., McElwaine S., Wells V, McCann 

SR., Mallucci L. Bone Marrow Transplantation 

(2003)31 1 O480S102 

• Beta galactoside binding protein selectively reduces the 

proliferative capacity of CML cells and evades P210 

mediated resistance to apoptosis; a role for a natural 

cytokine in tumour regulation 

Lawler M., Spellacy N., McElwaine S., Wells V., McCann 

SR., Mallucci L. Hematology (2003) 3 1 486 146 

• Beta galactoside binding protein, a negative regulator 

of the cell cycle may have selective antiproliferative 

effects in CML cells 

Lawler M., McElwaine S., Spellacy N., Wells V, Mallucci 

L. Blood (2000) 96 11 102a 436 

COMMUNICATIONS 
Presentations 
This work was presented as part of the Graves Lecture 

2004 where the Graves Medal was awarded to Prof Lawler 

by the Health Research Board 

Poster Presentation 
American Society of Hematology Meeting 2002 (Poster 

presentation) 

Oral Presentation 
• European Hematology Association meeting (2002) 

• Irish Association for Cancer Research 2003 
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RESEARCH IMAGES 

Figure 1: EFFECT OF pGBP TREATMENT ON PRIMARY CULTURES FROM BONE MARROW TRANSPLANT DONORS AND CML 

PATIENTS AT DIAGNOSIS 

% 12hrs 24hrs 48 hrs 96 hrs 

FIGURE 2: INCUBATION WITH pGBP RESULTS IN LOSS OF P210 PROTEIN 

OHrs 24 hrs 36 Hrs 40 hrs 44Hrs 48 hrs 
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A strategy to quantify and reduce 
geometric uncertainty to improve the 
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Lung Cancer 
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2 years: October 2003 - September 2005 
(First 12 months funded by Irish Cancer Society) 

PROFESSOR JOHN ARMSTRONG 
PRINCIPAL INVESTIGATOR 

ABSTRACT 
A schematic of the expanded design is included below. In 

essence there are four main parts to the study as follows: 

1 A pre-clinical treatment planning analysis, of 20 non-

small cell lung cancer (NSCLC) patients previously 

treated on a hypo-fractionated dose escalation scheme. 

This comprised of two sub-elements 

a. The potential of a new technique of radiotherapy 

(Intensity Modulated Radiation Therapy - IMRT) is 

tested against the current gold standard (3-dimensional 

Conformal Radiation Therapy - 3DCRT) for both dose 

escalation and normal tissue sparring first using 

conventional margins. 

b. The procedure is repeated with reduced margins 

allowing for the use of the Active Breathing Control 

(ABC) Device. 

2 A technical study conducted to assess the practical 

consequences of implementing the ABC device in the 

clinic. 

3. A clinical trial comprising 10 pts will be conducted 

using ABC for both imaging and treatment using 

3DCRT 

4- A large-scale dose escalation clinical trial involving 50 

pts will be conducted using ABC and 3DCRT or IMRT as 

indicated. This trial will involve extensive clinical follow-

up. 

SCIENTIFIC REPORT 
Summary of Work Accomplished since April 2004 
In the past year the pre-clinical evaluation of treatment 

planning techniques (three dimensional conformal 

radiation therapy (3DCRT) vs Intensity Modulated 

Radiation Therapy (IMRT)) has been completed and 

prepared and submitted for publication. This work 

conducted under the assumption of free breathing 

demonstrates a clear advantage for IMRT for the 

achievement of significant dose escalation. Work has 

begun on repeating this study for the assumption of 

controlled respiration using the ABC device. Results of this 

study will allow us to determine adequate clinical margins 

to the gross disease for use with the ABC device and agree 

on a safe level of dose escalation. 

In parallel with these planning studies the ABC device has 

been purchased and a feasibility study conducted to 

determine the practical first steps in clinical implementation 

In this regard the breath hold capability of the general 

patient population is in the process of being assessed A 

clinical study to assess several different commercial 

immobilisation techniques for lung cancer patients has also 

begun with a key endpoint being the determination of the 

most suitable device for use with the ABC equipment A 

pre-clinical study designed to assess the feasibility and 

potential of ABC in CT imaging and conventional 3DCRT 

treatment planning has been designed and is currently at 

the stage of seeking local ethical approval 

Several talks have been presented in the last year and a 

paper has been submitted for publication Details are 
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presented below. (See research images showing Study 

Schematic) 

Section Four 

Following an initial feasibility study the initial objectives of 

the project were incorporated into the CTU's overall 

research strategy in relation to NSCLC. This was justified 

on the basis that the clinical implementation of the ABC 

device was central to the overall strategy. A new study 

design was devised and a schematic is presented below. 

Work that has been accomplished is highlighted in yellow. 

(See attached research images)showing Study Schematic) 

There are in all four distinct parts to the study. These are: 

• A pre-clinical treatment planning analysis, of 20 non-

small cell lung cancer (NSCLC) patients previously 

treated on a hypofractionated dose escalation scheme. 

This comprised of two sub-elements 

a) The potential of a new technique ofradiotherapy 

(Intensity Modulated RadiationTherapy - IMRT) is 

tested against the current gold standard (3-dimensional 

Conformal Radiation Therapy - 3DCRT) for both dose 

escalation and normal tissue sparring first using 

conventional margins (allowing for free breathing) 

(60% accomplished 12 pts out of 20). 

b) The procedure is repeated with reduced margins 
allowing for the use of the Active Breathing Control 
(ABC) Device. 

• A technical study conducted to assess the practical 

consequences of implementing the ABC device in the 

clinic. 5 patients with good performance status will be 

selected and the use of the ABC implemented for CT 

imaging alone The study will then assess the impact of 

the ABC device for reducing organ motion 

uncertainties in clinical treatment planning. 

• A clinical trial comprising 10 pts will be conducted 
using ABC for both imaging and treatment using 
3DCRT The clinical consequences of reduced margins 
will then be assessed 

• A large-scale dose escalation clinical trial involving 50 pts 

w* be conducted usmg ABC and 3DCRT or IMRT as 

mrJcated. The trial will involve extensive clinical follow-up. 

Section Five 
In the next 12 months it is proposed to complete part 1 

and 2 of the study as outlined above. The results of the 

pre-clinical treatment planning analysis will be subjected 

to peer review and published in an international scientific 

journal. Preparatory work (study design, patient 

information, ethical approval) on part 3 of the study will 

be completed allowing accrual to occur in the following 

renewal period. 
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ABSTRACT 
Rhabdomyosarcoma (RMS) is the most common soft-

tissue tumour of childhood. RMS occurs in muscle from 

where it can spread to other tissues by metastasis. Despite 

aggressive approaches incorporating surgery, dose-

intensive combination chemotherapy and radiation 

therapy the outcome for patients with metastatic disease 

remains poor. The mechanism for metastasis in RMS and 

other cancers is poorly understood. We have recently 

identified the aberrant expression of a cell surface protein 

in RMS that appears to promote tumour evolution and 

metastasis by regulating the expression of other genes. 

This study aims to identify additional key genes regulated 

by aberrant expression of cell surface proteins in 

neoplastic processes. This will provide an understanding of 

what drives the evolution and progression of tumour cells 

and will also enable identification of potential new 

therapeutic targets. Furthermore results from this study 

should provide diagnostic and prognostic markers for a 

childhood disease where such markers are limited. 

SCIENTIFIC REPORT 
T cell activation requires antigen mediated triggering of 

the T-cell receptor-CD3 complex together with 

engagement of a second co-stimulatory receptor, the 

prototype being CD28. Aberrant expression of CD28 on 

extra-medullary myelomas was found to up-regulate the 

production of IL-8, a chemokine which promotes 

angiogenesis (Shapiro et al., 2001). It was therefore 

Proposed that in addition to a normal role for the co-

stimulatory molecule that CD28 may have functions 

independent of the T cell receptor and in particular that it 

may have a role in cancer progression. 

Cell lines were characterised for CD28 to determine normal 

expression patterns and to ascertain if aberrant expression 

for CD28 was widespread. Of the cell lines tested 

expression was restricted to the acute monocytic leukaemia 

cell line, THP-1 and the promyelocytic leukaemia cell line, 

HL60, indicating that although aberrant expression of 

CD28 is not widespread, it does occur. 

To gain insight into the mechanism by which CD28 

promotes tumourigenesis expression profiling was carried 

out using cDNA arrays to determine which genes 

responded to stimulation of cells by CD28 in the absence 

of the primary T cell activation signal. The cDNA 

microarrays used to characterise genes which responded to 

stimulation of CD28 consisted of 2,200 gene fragments 

produced by amplifying cDNA from a library enriched for 

transcripts present in stimulated T cells. These were probed 

with 33P labelled cDNA derived from Jurkat cells that had 

been stimulated with CD28 compared with cells that had 

been left unstimulated. The top ranking genes which were 

up-regulated had functions relating to increased metabolic 

demands and macromolecular biosynthesis accompanying 

physiological mobilisation of T cells. 

Of the genes identified the ephnn receptor tyrosine kinase 

ephA3 was chosen for further analysis. Eph receptors and 

their ligands play a role in cell sorting and boundary 

formation during embryo development as well as axon 

guidance and fasciculation and over-expression has 
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previously been associated with tumourigenesis. EphA3 

was originally isolated from the pre-B acute lymphoblastic 

leukemia cell line LK63 and was subsequently found to be 

sporadically expressed on several haemopoietic tumours 

as well as on several human lymphoid T cell lines (Boyd et 

al., 1992). Following identification of EphA3 on Jurkat 

cells we went on to demonstrate expression of the 

tyrosine kinase receptor in primary T-cell lymphomas 

including T-lymphoblastic lymphoma, anaplastic large cell 

lymphoma and angioimmunoblastic T-cell lymphoma. 

Furthermore we identified a new mechanism for high level 

expression of Eph receptors in neoplasms. Up-regulation 

of EphA3 by CD28 occurred through the IGF-1R and 

either IGF-1 or over-expression of the IGF-1R was sufficient 

to increase expression of EphA3 (Smith et al., 2004b). 

To further elucidate the molecular mechanism by which 

CD28 contributes to cancer development, the biological 

function of EphA3 was determined. Loss of adhesion to 

fibronectin, following stimulation of EphA3 with a cognate 

ligand ephrin-A5, correlated with recruitment of Crkll, an 

adapter protein which is intimately involved in integrin 

dependent cell adhesion. An increase in EphA3 recruitment 

to Crkll following CD28 stimulation of cells suggested that 

one mechanism by which CD28 could promote cancer 

progression in T cell neoplasias is by stimulating de-

adherence through EphA3 (Figure 1) (Smith et al., 2004b). 

Further characterisation of EphA3 was carried out in 

rhabdomyosarcoma (RMS), a fast-growing, highly 

malignant tumour which accounts for over half of the soft 

tissue sarcomas in children. RMS tumours are classified 

according to their histology and constitute two major 

histological subtypes, the more prevalent embryonal RMS 

(ERMS) and the more aggressive alveolar RMS (ARMS). The 

significantly worse outcome associated with ARMs may be 

attributed to the expression of the CXC chemokine 

receptor-4 (CXCR4)-stromal-derived factor-1 (SDF-1) axis, 

which is a potentially important mediator of tumour 

dissemination and metastasis to the bone marrow and 

lymph nodes. Expression of functional CXCR4 on 

translocation positive ARMS cells but not on translocation 

negative ARMS cells or on ERMS cell lines led us to 

postulate that expression of EphA3 could be an important 

mechanism for inhibiting CXCR4 expression or function in 

RMS cells, since EphA3 was only expressed in RMS cells 

without functional CXCR4 (Smith et al., 2005). CXCR4 has 

previously been shown to be activated by hypoxia-

inducible factor during tumour cell evolution conferring 

on them a selective survival advantage together with the 

tendency to home to selected organs (Staller et al., 2003). 
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Similarly down-regulation of CXCR4 by EphA3 would 

enable cell survival during tumour evolution. 

Functional analysis of EphA3 in RMS cells indicated that 

similar to what was previously found in T cells, EphA3 was 

involved in promoting cell detachment from extracellular 

matrix proteins (Smith et al., 2004b). Stimulation with 

ephrin-A5-Fc of the ERMS cell lines TE671 and RD, both of 

which express EphA3, resulted in decreased adhesion to 

fibronectin compared with unstimulated cells (Figure 2a). 

In contrast, stimulation with ephrin-A5 of the ARMS cell 

line CRL2061, which does not express EphA3 resulted in 

an increase in cell adhesion (Figure 2a). Although the 

EphA3 receptor preferentially binds ephrin-A5 (Smith et 

al., 2004a) these data suggest that ephrin-A5 is binding to 

other EphA receptors in CRL2061 cells. To determine 

which other EphA receptors were expressed in RMS cells, 

a survey of EphA family members was carried out by RT-

PCR, using gene specific primers. CRL2061 cells were 

found to express a number of EphA receptors that could 

respond to ephrin-A5 stimulation however the high 

expression levels observed for EphA1 indicates that this 

may be the receptor responsible for increased adhesion in 

response to ephrin-A5 stimulation. 

Our findings suggested that EphA3 is the critical EphA 

receptor in promoting deadhesion in RMS cells, since 

stimulation of CRL2061 cells which do not express EphA3, 

with a promiscuous ephrin-A ligand, ephrin-A5, did not 

result in deadhesion. To test this we introduced wild-type 

EphA3, inactive EphA3 (3YF, mutated in the major EphA3 

phosphorylation sites) and empty vector, pEFBOS 

(Lawrenson et al., 2002) into CRL2061 cells. Adhesion to 

fibronectin was then determined as previously. The cells 

transfected with EphA3 showed decreased adhesion to 

fibronectin compared with cells transfected with pEFBOS, 

while cells transfected with 3YF adhered at slightly lower 

levels than vector transfected cells (Figure 2b,c). These 

findings provide further evidence that EphA3 promotes 

deadhesion of RMS cells and also suggests that a 

functional kinases is not critical for deadhesion. 

Investigation of RMS cell lines derived from patients 

showed that EphA3 was not expressed on translocation 

positive ARMS cell lines, but was expressed on ERMS cell 

lines and on a translocation negative ARMS cell line, 

FLOH-1. In comparison to most ARMS cells FLOH-1 cells 

do not display t(2:13) or t(1:13) translocations which fuse 

PAX3 and PAX7, respectively, with FKHR to produce 

chimeric genes. Although EphA3 has previously been 

associated with tumourigenesis (Smith et al., 2004b); 
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(Wicks et al., 1992) EphA3 was found in this study to be 

expressed on normal muscle samples. This together with 

the lack of EphA3 expression on the more aggressive 

ARMS cells indicates that loss of EphA3 expression may 

confer an advantage in tumour evolution of skeletal 

muscle. However it should be noted that expression of 

EphA3 in ARMS may be stage specific since we also 

observed expression of EphA3 in alveolar RMS samples 

taken from patients. Ongoing work on patient samples 

aims to confirm a link between loss of EphA3 expression 

and the function of CXCR4. 

CXCR4 function was determined following transfection of 

the ARMS cell line CRL2061 with wild-type EphA3, a 

mutant receptor, 3YF, and empty vector, pEFBos. 

Stimulation of CXCR4 with SDF-1 resulted in 

phosphorylation of Erk in vector transfected cells as 

expected. In comparison although an SDF-1 response was 

seen in cells transfected with either wild-type or mutant 

EphA3, basal levels of pErk were higher and the increase 

in Erk phosphorylation was not as great. This indicates 

that EphA3 can modulate the SDF-1 response which was 

subsequently shown to be due to down regulation of 

CXCR4. Converse experiments whereby EphA3 was 

knocked down using siRNA in RMS cells which normally 

express EphA3, resulted in increased CXCR4 at the RNA 

and protein level commensurate with increased 

phosphorylation of MAPK and directional chemotaxis 

towards SDF-IB(F/g 3). 

These data indicate that EphA3 can regulate cell motility 

in RMS and that loss of EphA3 expression is a potential 

mechanism which enables evolving RMS cells to acquire 

CXCR4 function and thus the tendency to metastasise to 

specific secondary sites. This suggests that the ephrin 

family of ligands and receptors may prove useful as anti-

metastatic agents in the treatment of certain cancers. 

PUBLICATIONS 
Smith LM, Walsh PT, Rudiger T, Cotter TG, Mc Carthy TV, 

Marx A, O'Connor R. "EphA3 is induced by CD28 and IGF-

' and regulates cell adhesion.", Exp Cell Res. 2004 Jan 

15;292(2).295-303. 

COMMUNICATIONS 
• Loraine M. Smith, Patrick T. Walsh, Thomas G. Cotter, 

Tommy Mc Carthy, and Rosemary O'Connor. (2003). 

CD28 upregulates expression of receptor tyrosine kinases 

in Jurkat cells. Beatson International Cancer Conference: 

Cell signalling and Cancer. Glasgow 6th - 9th Jury. 

Lymphoma 

• Loughran G, Kiely PA, Smith LM and O'Connor R. 

(2003). Identification of Gene Expression Profiles 

Associated with IGF-1 Receptor mediated Cellular 

Tansformation. The Irish Association for Cancer 

Research, Kilkenny 11th-13th April. 

• Loughran G, Kiely PA, Smith LM, Meerovich K and 

O'Connor R. (2003). Identification of Genes Regulated 

by Overexpression of the Insulin-like growth factor-1 

receptor (IGF-1 R). (2003). Gordon Research 

Conference: Insulin-Like Growth Factors in Physiology 

and Disease. Ventura, CA. 9th-14th March. 

• Loughran G, Kiely PA, Smith LM and O'Connor R. 

(2002) Oncogenomics: Dissecting Cancer through 

Genome Research. Dublin, 1st-5th May. 

REFERENCES 

- Boyd, A.W., L.D. Ward, I.P. Wicks, R.J. Simpson, E. Salvans, A. 

Wilks, K. Welch, M. Loudovaris, S. Rockman, and I. Busmanis. 

1992. Isolation and characterization of a novel receptor-type 

protein tyrosine kinase (nek) from a human pre-B cell line. J Biol 

Chem. 267:3262-7. 

- Lawrenson, I D . , S.H. Wimmer-Kleikamp, P. Lock, S.M. 

Schoenwaelder, M. Down, A W . Boyd, P.F Alewood, and M. 

Lackmann. 2002. Ephrin-A5 induces rounding, blebbing and de

adhesion of EphA3-expressing 2931and melanoma cells by Crkll 

and Rho-mediated signalling. J Cell Set. 115:1059-72. Shapiro, 

VS., M.N. Mollenauer, and A. Weiss 2001 . Endogenous CD28 

expressed on myeloma cells up-regulates interleukin-8 

production: implications for multiple myeloma progression 

Blood. 98:187-93. 

- Smith, F.M., C. Vearing, M. Lackmann, H Treutlem, J. Himanen, 

K. Chen, A Saul, D Nikolov, and A W . Boyd 2004a Dissecting 

the EphA3/Ephrin-A5 Interactions Using a Novel Functional 

Mutagenesis Screen. J Biol Chem 279:9522-31 

- Smith, L M , A. Marx, and R. O'Connor. 2005 Chemokine 

receptor CXCR4 signalling is inhibited by the ephrin receptor 

EphA3 in Rhabdomyosarcoma cells In preparation. 

- Smith, L.M., PT. Walsh, T Reudiger. TG Cotter, TV Mc Carthy, 

A. Marx, and R. O'Connor 2004b EphA3 is induced by CD28 

and IGF-1 and regulates cell adhesion Exp CeH Res 292:295-

303. 

- Staller, P., J. Sulitkova, J Lrsztwan, H. Moch, E.J. Oakeley, and W 

Krek. 2003. Chemokine receptor OCCR4 downregulated by von 

Hippel-Lindau tumour suppressor pVHL Nature 425 307-11 

- Wicks, I P , D Wilkinson, E Salvans, and AW Boyd 1992 

Molecular cloning of HEK, the gene encoding a receptor tyrosine 

kinase expressed by human lymphoid tumor ceti lines Proc Natl 

Acad Sc iUS A 89:1611-5. 

CANCER RESEARCH IRELAND YEARBOOK 2004 I 2005 



COMPLETED CANCER RESEARCH PROJECT REPORTS 

Lymphoma 

RESEARCH IMAGES 

Figure 1: Crkll BINDS TO ephrin-A5-FC STIMULATED EphA3 RESULTING IN LOSS OF CELL ADHESION TO FIBRONECTIN 

Figure 1 

Crkll binds to ephrin-A5-Fc stimulated EphA3 resulting in loss of cell adhesion to fibronectin. Jurkat/IGF-1 R cells were stimulated for 50 

minutes wi th clustered ephrin-A5-Fc, or not, or were incubated wi th unclustered ephrin-A5, which acts as an inhibitor. 

(A) Endogenous Crkll in cell lysates was immunoprecipitated with anti-Crkll antibody and Western blots were probed with the same anitbody 
to detect Crkll or with anti-EphA3 antibodies to detect EphA3 asscociated Crkll. 

(B) Parallel samples of stimulated and unstimulated cells were plated onto fibronectin coated plates and incubated for 1 hour prior to fixation 
and straining. 

Figure 2: EphA3 PROMOTES DEADHESION TO FIBRONECTIN OF RMS CELLS 
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Figure 2: CONTINUED 

Figure 2 
EphA3 promotes deadhes.on to f.bronectm of RMS cells. For the adhesion assays triplicate wells were examined for each condition and the 

experiment was repeated twice. Representative result are shown. 

(A) Unstimulated and ephr,n-A5 stimulated cells were plated onto fibronectm-coated plates and incubated for 30 minutes before fixaton. 

staining and quanti tat ion. Values represent means ± SD from triplicate wells. 

(B) Transient transfection of EphA3 into CRL2061 cells resulted in reduced adhesion to EphA3 compared with cells transfected wi th vector 

control, pEFBOS, and mutant EphA3 (3YF) transected cells. 

(C) Expression levels of Epha3 in transiently transfected cells. 
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Figure 3: SILENCING OF EphA3 USING siRNA RESULTS IN UP-REGULATION OF CXCR4 EPRESSION WHICH IS FUNCTIONAL 
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(B) Determination of mRNA transcript abundance for CXCR4 
transfected with siRNA duplexes T h u v w K H ™ - " W8S C a m e d 0 u t u s m 9 sem i"Puanti tat ive RT-PCR on RNA extracted from cells 

was done using gene specific primers, following confirmation of equal cDNA levels using Gapdh. 

(O Phosphorylation of MAPK as a measure of CXCR4 fuction was earned out as previous., 

(D) CXCR4 fuction was also determined by analysina m 
siRNA directed against human EDhA3 rnntmi m • J " ^ t 0 W a r d S S D N b a c r o s s t r a n 5wel l membranes coverd with fibronectin. 

EphA3. contro.. mismatch siRNA; SMARTpooiTM. consists of four individual siRNAs dup,exes targeting EphA3. 

CANCER RESEARCH IRELAND YEARBOOK 2004 I 2005 

COMPLETED CANCER RESEARCH PROJECT REPORTS 

PROJECT TITLE: 

CANCER TYPE: 

RESEARCH CENTRE: 

DURATION: 

Bfl-1/A1 expression and potential role in 

Hodgkin's Disease and Post-Transplant 

Lymphoproliferative Disease [CRI02WAL] 

Hodgkins Disease / Lymphoma 

School of Biotechnology and National 

Centre for Sensor Research, Faculty of 

Science and Health, Dublin City 

University, Glasnevin, Dublin 9 

3 years: October 2002 - September 2005 

ABSTRACT 
This study aimed to determine why the malignant cells of 

two types of lymphoma, namely Hodgkin's Lymphoma 

(HL) and Post Transplant Lymphoproli ferative Disease 

(PTLD), g row uncontrol lably and do not die as easily as 

normal cells of their type. These cancers are linked w i th a 

common human herpesvirus called Epstein-Barr virus. 

Almost all human adults are naturally infected w i th this 

virus, and carry it for life w i t h no apparent clinical 

consequences. Its lifecycle involves infecting a B cell (the 

body's antibody producing cells), st imulat ing the cell to 

multiply uncontrollably, and then to almost completely 

switch itself off leaving a silent infection which lasts for 

the lifetime of the individual. 

Occasionally, the virus is found in the malignant cells of 

certain cancers however. These include HL (50% of all 

tumours are virus-positive), PTLD ( 1 0 0 % virus positive) and 

African Burkitt's Lymphoma (BL, 9 5 % virus-positive). There 

are important factors, many as yet unknown, that trigger 

these cells to replicate out of control , sometimes avoiding 

destruction by the immune system of a healthy body. In the 

case of PTLD, a weakened immune response after having 

received an organ transplant does mean that the silently 

infected cell can g row unchecked. In the case of HL, it is 

dear that in those EBV-positive cases, the virus is only to be 

found in the malignant cells of this complex tumour. 

We set out to examine the involvement of one cell gene, 

called bfl-1 in the process of keeping these tumour cells 

alive. We had already observed in BL, that EBV can force the 

cell to turn on this gene, the consequences being that the 

cell is more robust and does not respond easily to signals 

that tell it to commit suicide. We reasoned that this gene, 

or the various molecules that keep it active, might be useful 

targets for inhibiting these cells from growing out of control 

or for making them more sensitive to chemotherapy. We 

first confirmed that b f l l was active in relevant tumour cells. 

We did not succeed in making an antibody against Bfl1 

protein, which would have made experimentation easier, 

however we successfully developed other methods to look 

for evidence of bfl-1 gene activity. Given the very small 

quantities of tumour material available, we also verified that 

the gene was also expressed when we grew these cells in a 

culture flask in the laboratory. 

We wen t on to discover t w o di f ferent routes, or 

biochemical pathways, that EBV uses to activate the bfH 

gene. We found that only one of these pathways is active 

in HL whereas both are active together in PTLD cells. We 

designed small molecules that can lower the activity of 

b f H , and showed that they can work efficiently at this, 

and we are now using these to gain evidence on the 

importance of this gene in determining the growth and 

robustness of PTLD cells and malignant HL cells. This work 

wil l enable us to determine if interfering with the activity 

of this gene offers a potential means or aid to specifically 

destroy the malignant cells of these cancers. 

SCIENTIFIC REPORT 
The human oncogenic herpesvirus Epstein-Barr virus (EBV) 

is implicated in the pathogenesis of Hodgkin's lymphoma 

(HL) and Post-transplant lymphoprol i ferat ive Disease 

(PTLD). Two EBV latent proteins. Latent Membrane Protein 
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1 (LMP1) and EBV nuclear antigen 2 (EBNA2), play crucial 

roles in B cell transformation/immortalisation. We had 

already shown for the first time that the cellular bfl-1 

gene, which encodes an anti-apoptotic protein linked with 

cell proliferation and which exhibits potent co-operative 

transforming activity, is regulated by LMP1 (D'Souza et al., 

2000 J Virol., 74 (14):6652-8). We have since observed 

that LMP1 drives bfl-1 promoter activity through 

interactions with components of the Tumour Necrosis 

Factor Receptor (TNFRVCD40 signaling pathway We 

produced evidence that this process is NF-kB-dependent, 

involves the recruitment of TNFR-associated factor (TRAF)-

2 and is mediated to a greater extent by the Carboxyl-

Terminal Activating Region 2 (CTAR2) relative to the 

CTAR1 domain of LMP1. We observed that activation of 

CD40 receptor also led to increased bfl-1 mRNA levels and 

an NF-kB-dependent increase in bfl-1 promoter activity in 

Burkitt's lymphoma-derived cell lines. We have delineated 

a 95 base pair region of the promoter that functions as an 

LMP1-dependent transcriptional enhancer in this cellular 

context. This sequence contains a novel NF-kB-like binding 

motif that is essential for trans-activation of bfl-1 by LMP1, 

CD40 and the NF-kB subunit protein p65. These findings 

highlight the role of LMP1 as a mediator of EBV-host cell 

interactions and may indicate an important route by which 

it exerts its cellular growth transforming properties (not 

shown, D'Souza et al., J. Virol., 2004). 

We proposed to determine if bfl-1 is expressed in Reed-

Sternberg cells from HL biopsies and to investigate if there 

is any relationship with the EBV status of these tumours. 

This work was carried out by Sinead Loughran at the 

University of Birmingham. We have had no success with 

commercially available antibodies to Bfl-1 using control bfl-

1 expressing cells. We therefore used laser capture 

microdissection to isolate HRS cells from frozen primary 

tumour tissue sections from HL patients (figure 1). Using 

this method coupled with nested RT-PCR we were able to 

show bfl-1 expression in HRS cells irrespective of EBV 

status. We also detected transcript from this gene in 

bystander/reactive cells and germinal centre B cells from 

healthy tonsil. We are now using RQ-PCR in an effort to 

compare the relative levels of of 11 mRNA in these isolated 

lymphoma and control cells. In all cases only the longer 

(anti-apoptotk) splice variant of bfl-1 mRNA was detected. 

We have not yet succeeded in detecting bfl-1 transcript in 

tumour sections by in situ hybridisation using a antisense 

riboprobe. and are continuing with these experiments. 

Having confirmed bfl-1 expression in HRS cells in vivo we 

then looked at its expression in cultured H/RS cells and 
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lymphoblastoid cell lines (LCLs; established cell culture 

model for PTLD). We observed that (i) bfl-1 mRNA levels are 

consistently high in HL-derived cell lines (figure 2), when 

compared to typical Burkitt's lymphoma type 1 cell lines (the 

in vitro equivalent of a germinal centre B cell; lane Ml, 

figure 2) and (ii) that this is irrespective of EBV status. We 

observed high bfl-1 mRNA levels in LCLs [lane 'IARC17V, 

figure 6, and many other LCLs (not shown, see D'Souza et 

al., 2004 . J. Virol., 78 1800-1816)]. These experiments 

were performed both by ribonuclease protection assay and 

real-time PCR. The detection of high levels of bfl-1 mRNA in 

every HL-derived cell line and LCL tested points to an 

important potential role for Bfl-1 in the pathogenesis of HD 

and PTLD. We are currently using the real-time PCR assay to 

monitor bfl-1 expression in cultured HRS cells in response to 

a range of inhibitors of relevant signalling pathways. 

We have examined the mechanism of regulation of bfl-1 in 

LCL and HL-derived cell lines. Transient transfection 

experiments show that (i) the transcription factor NF-kB 

plays a significant role in driving bfl-1 promoter activity in 

LCLs and cultured H/RS cells; (ii) at least one (novel) NF-kB-

binding site at -52 base pairs upstream of the transcription 

start site is involved (not shown -published in D'Souza et 

al., J. Virol 2004), and (iii) a previously published NF-kB-

bmding site at -833 is not essential for promoter activity in 

both cell contexts (only shown for HL, figure 3). Inhibitors 

of NFkB activation clearly decrease bfl-1 promoter activity 

(figure 3) and mRNA levels and lead to apoptosis. 

There are very significant differences between the mechanism 

of regulation of this gene in LCLs and HL-derived and BL-

denved cell lines. In summary, we see that EBV nuclear 

antigen 2 (EBNA2), a second major effector of phenotypic 

change in EBV-infected cells, can also independently 

upregulate bfl-1 mRNA levels in BL-derived cell lines. EBNA2 

is generally regarded as a viral functional homologue of 

activated Notch _ receptor. We have shown that EBNA2 

drives bfl-1 promoter activity by a mechanism that is 

dependent upon its ability to bind RBP-Jk/CBF1 (a nuclear 

component of the Notch signalling pathway) and 

demonstrate an essential role for a novel RBP-Jk/CBF1-like 

binding site on the bfl-1 promoter. EBNA2-mediated trans-

activation of bfl-1 is modulated by other EBV latent proteins 

that are known to co-operate with EBNA2 (EBNA-LP) or 

which have been shown to interact with the RBP-Jk/CBF1-co

mpressor complex (EBNA3A, 3B, 3C and RPMS) (not shown, 

Pegman et al., submitted to J. Virol). In the LCL context, we 

observe that loss of both EBNA2 and LMP1 coincides with a 

dramatic decrease in the expression of bfl-l (figure 6). As 

EBNA2 can drive LMP1 expression, we see that when they are 
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uncoupled, either EBNA2 or LMP1 is sufficient to maintain 

elevated bfl-1 mRNA levels in this context. High levels of 

expression this gene can clearly be maintained by different 

pathways with key roles for NF-kB and RBP-Jk respectively 

(not shown). We have shown therefore that EBNA2 is 

essential in order to maintain the elevated bfl-1 mRNA levels 

observed in LCLs (figure 4). This novel result highlighted (i) a 

potential key role for EBNA2 and/or the Notch signaling 

pathway in regulating bfl-1 expression in PTLD and (ii) a 

possible role for Notch in regulating bfl-1 expression in HL. 

Signalling between the HRS cell and others in its 

microenvironment is likely to be important in the 

development of the malignant phenotype in HL. We 

observed high levels of Notch 1 and Notch 2 receptors on 

HL-derived cell lines, irrespective of EBV status (figure 4A ). 

We also showed that these cells activate downstream Notch 

target gene expression when stimulated with the Notch 

ligand Jagged-1 (not shown). Upon stimulation with 

Jagged-1, these cells demonstrated significantly increased 

rates of proliferation (figure 4B) and increased RBP-Jk-

associated gene expression (not shown). Our evidence to 

date indicates however that the RBP-Jk-related pathway 

does not drive bfl-1 in cultured HRS cells (not shown) We 

are continuing to investigate the phenotypic changes of 

these cells in response to Jagged 1 presentation. 

We have designed, synthesised and validated vectors that 

can be induced to express anti-bfl-1 ribozyme (figure 5) and 

short hairpin RNAs (not shown) respectively. These 

molecules are expressed from a tetracycline-regulated 

human RNA polymerase III promoter and are potentially 

valuable tools for the knockdown of bfl-1 expression in cell 

culture models of HL and PTLD. Our ongoing experiments 

-of key importance in this investigation -and employing 

relevant cultured cells, are based on a strategy of cell 

transfection, cell pool selection, induction of specific bfl-1 

knockdown followed by cell insult, followed by a 

determination of the phenotype, including apoptotic 

threshold. When complete, this study will permit us to 

conclude if bfl-1 and/or the pathways by which it is 
regulated, can serve as potential targets for the design of 

rational therapeutic strategies for the treatment of HD/PTLD. 

PUBLICATIONS 
D'Souza BN, Edelstein LC, Pegman PM, Smith SM, 

Loughran ST, Clarke A, Mehl A, Rowe M, Gelinas C, Walls 
D- "Nuclear factor kappa B-dependent activation of the 
antiapoptotic bfl-1 gene by the Epstein-Barr virus latent 

membrane protein 1 and activated CD40 r 

Lymphoma 

COMMUNICATIONS 
• Transcription Activation of the Bfl-1 gene by the EBV 

Latent Membrane Protein 1. B. N. D'Souza, A. Mehl, P. 

Pegman, A. Clarke, S. Loughran, L.Edelstein, P. 

Brennan, M. Rowe, C. Gelinas and D. Walls. 

• Tumour Associated Herpes Viruses 10th International 

Symposium on Epstein Ban Virus and associated 

malignant Disease. Cairns, Australia. July 16-21, 2002. 

• Transcriptional Activation of the cellular anti-apoptotic 

BFL-1 IA1 gene by the Epstein-Barr virus Latent 

Membrane Protein 1. B.N.D'Souza, P. Pegman, S. 

Smith, S. Loughran, 

• A.Clarke, A. Mehl, E. Floettmann, L. Edelstein, C. 

Gelinas, M. Rowe, and D.Walls. Society for General 

Microbiology- Irish Branch Meeting "Microbial Diseases 

in the Immunocompromised patient" Department of 

Biology, National University of Ireland, Maynooth, April 

24 -25 2003 

• Expression of the anti-apoptotic bfl-1 la 1 gene is 

regulated by the Epstein-Barr virus nuclear antigen 2. P. 

Pegman, B. N. D'Souza, S. Smith, E. Floettmann, L. 

Edelstein, C. Gelinas, B. Kempkes, M. Rowe and D. 

Walls. Society for General Microbiology meeting, NUI 

Maynooth, 24-25th April, 2003 

• Transcription Activation of the Bfl-1 gene by the EBV 

Latent Membrane Protein 1. B.N.D'Souza, P. Pegman, S. 

Smith, S. Loughran, A. Clarke, A. Mehl, E. Floettmann, 

L. Edelstein, C. Gelinas, M. Rowe, and D.Walls. Irish 

Association for Cancer Research Meeting 2003. 

Kilkenny, 10th -11th April 2003. 

• The Epstein-Barr virus nuclear antigen 2 transcriptionally 

activates the cellular anti-apoptotic bfl-1 gene by an 

RBPJklCBFI dependent pathway, Pegman, P., Smith, S., 

D'Souza, B., Loughran, S„ Rowe, M., Kempkes, B., 

Gelinas, C. and Walls, D. Irish Association for Cancer 

Research Conference 2005. Kilkenny, 11th-12th March 

2005. 

. The cellular anti-apoptotic bfl-1 gene is highly expressed 

in cultured Hodgkin/Reed Sternberg cells from 

Hodgkin's Lymphoma and is regulated by the 

transcription factor NF-_B. Loughran, S.T., D'Souza, 

B.N., Smith. S.M., Campion, EM., McGee, S., Tarn, L, 

and Walls, D. Irish Association for Cancer Research 

Conference 2005. Kilkenny, 11th- 12th March 2005. 

CANCER RESEARCH IRELAND YEARBOOK 2004 I 2005 



COMPLETED CANCER RESEARCH PROJECT REPORTS 

Lymphoma 

Oral Communication 
• The anti-apoptotic bfl-1/A1 gene is a transcriptional 

target of the Epstein -Barr Virus latent proteins LMP1 

and EBNA2. B. N. D'Souza, P. Pegman, S. Smith, S. 

Loughran, A. Mehl, A. Clarke, P. P. Brennan, L. 

Edelstein, E. Floettmann, C. Gelinas, B. Kempkes, M. 

Rowe and D. Walls. Irish society for Immunology 

Conference. St Vincents Hospital. 2002. 

• B. N. D'Souza, P. Pegman, S. Smith, S. Loughran, A. 

Clarke, A. Mehl, PBrennan, E. Floettmann, L. Edelstein, 

C. Gelinas, B. Kempkes, M. Rowe and D. Walls. Joint 

European Association of Cancer Research/British 

Association of Cancer Research Conference. March 1-4 

Dublin. 2003. Abstract accepted, conference 

subsequently cancelled. 

• The Epstein-Barr virus nuclear antigen 2 

transcriptionally activates the cellular anti-apoptotic bfl-

1 gene by an RBPJk/CBF1 dependent pathway. 

Pegman, P., Smith, S., D'Souza, B., Loughran, S., Rowe, 

M., Kempkes, B., Gelinas, C. and Walls, D. Tumour 

Associated Herpes Viruses 11th International 

Symposium on Epstein Barr Virus and associated 

malignant Disease. Regensburg, Germany, 20th - 25th 

September 2004. 

Other Manuscripts In Preparation 
• Pegman, P., Smith, S., D'Souza, B., Loughran, S., Rowe, 

M., Kempkes, B., Gelinas, C. and Walls, D. The Epstein-

Barr virus nuclear antigen 2 (EBNA2) regulates 

expression of the anti-apoptotic bfl-1 gene by 

subverting the cellular Notch signalling pathway. In 

review (J. Virol). 

• Loughran ST, D'Souza, B. Smith, S, Campion, E., Young 

P. and Walls, D. Role and regulation of bfl-1 in 

Hodgkin's Lymphoma. In preparation. 

SCIENTIFIC DEVELOPMENTS 
The vectors expressing ribozyme or hairpin RNAs may be 
patentable. 
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Brendan D'Souza Post-doctoral scientist 
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RESEARCH IMAGES 
LEGENDS TO FIGURES 

Figure 1: DETECTION OF bfl-1 mRNA EXPRESSION IN HRS CELLS OF HL BIOPSIES 

Figure 1 
(A) Laser capture microdissection of HRS cells. Frozen primary tumour tissue sections from six HL patients (3 EBV positive, 
3 EBV negative, all nodular sclerosis disease type) were prepared at 7um on RNase-free glass slides and were stained with 
hematoxylin. HRS cells (arrows) identified by their characteristic morphology were microdissected (left; before, right; 
after). Bystander/reactive cells and germinal centre B cells from healthy tonsil were also microdissected (not shown). 

(B) bfl-1 mRNA detection in microdissected cells. RT-PCR analysis using a nested PCR approach was used to detect bfl-1/bfl-
1S mRNA expression. Bfl-1 mRNA expression was detected as a 232 bp product in all HL cases irrespective of EBV status, 
in bystander cells/reactive lymphoid tissue of both EBV positive and negative cases and in germinal centre B cells from 
tonsil. 
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RESEARCH IMAGES CONTINUED 

Figure 2: bfl-1 mRNA IS HIGHLY EXPRESSED IN CULTURED HRS CELLS 

BL HL 
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Figure 3 

(A) Schematic representation of bfl-1 promoter-reporter constructs showing specific mutations that were introduced. These constructs share 

a common 3' terminus 81 bp downstream from the transcription initiation site (designated by a bent arrow), at which point they are joined 

to the luciferase gene (luc). The position of a novel NF -KB binding site at position -52 is indicated on the plasmid -1374/+81 mKB(-52) -luc 

as an open box. The position of a novel binding site for the Notch nuclear protein CBF1 at position -249 is also indicated on the plasmid 

-1374/+81 mKB(-249) - luc as an open box. Similarly, the position of a previously identified NF-KB site at position -833 is indicated on the 

plasmid -1374/+81 mKB(-833) - luc as an open box. 

(B) L428 cells (EBV negative HL-derived cell line) were co-transfected by electroporation with wild type (-1374/+81 -luc) or mutated promoter 

(-1374/+81 mKB(-52) -luc) reporter constructs, pCMV LacZ and increasing quantities of the IKBCI super-repressor expression vector pEFCX-

IKBCIDN. Cells were harvested 48 h post-transfection and luciferase and B-gal assays were performed. Cells transfected with full length 

promoter constructs were assigned a value of 100%. Mutation of the NF-KB-like binding site at position -52 reduces bfl-1 promoter 

transcriptional activation by - 8 5 % in the L428 cell line (similar results were obtained for an EBV-positieve HL-derived cell line L591). None of 

the other mutations was seen to have any effect in HL-derived cell lines. 

Figure 4: HRS CELLS EXPRESS HIGH LEVELS OF NOTCH 1/2 RECEPTORS AND SHOW INCREASED PROLIFERATION WHEN 

PRESENTED WITH NOTCH LIGAND JAGGED 1 
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Figure 5: A NOVEL HAMMERHEAD RIBOZYME CLEAVE bfl-1 mRNA 

.bfl-1mRNA 

•A bfl-1 mRNA 

•RZ 

Figure 5 
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Figure 6: EXPRESSION AND REGULATION OF bfl-1 IN CELL CULTURE MODEL OF PTLD 

B. Western Blot 

Time post-addition of oestrogen (H) 

Figure 6 

bfl-1 is regulated independently by the EBV latent proteins EBNA2 and LMP1 in lymphoblastoid cell lines (PTLD cell culture model). 

(A) Ribonuclease protection Assay using RNA from EREB 2.5 cells, an LCL that was established by infection and immortalisation of a resting 

B cell with a recombinant mini-EBV genome in which EBNA2 is stably expressed as a fusion protein with the hormone-binding domain of the 

oestrogen receptor. EBNA2, can thus be activated upon addition of oestrogen to the medium. It can be seen that upon activation of EBNA2. 

the steady-state level of bfl-1 mRNA rapidly increases and achieves that seen in a typical LCL. 

(B)Western blot showing coincident stabilisation of ER-EBNA2 due to oestrogen binding (but this effect is not seen prior to the rise in the 

level of bfl-1 mRNA) and appearance of LMP1, due to its induction by EBNA2. Uncoupling of EBNA2 and LMPI expression subsequently 

showed that either EBV protein is sufficient to maintain elevated levels of bfl-1 transcript in this system (not shown) 
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ABSTRACT 
The benefits of currently employed chemotherapy drugs 

for treatment of oesophageal cancer are limited by the 

development of tumour cells with a multidrug resistance 

phenotype. It has previously been demonstrated that 

chemoresistance is associated with the lack of gap 

junctions in tumour cells. It has been suggested that the 

formation of gap junctions can be induced or upregulated 

in tumour cells through exposure to biochemicals such as 

cyclic AMP (c-AMP), retinoids, carotenoids and that in turn 

this can induce chemosensitivity in tumour cells. Thus the 

use of biochemicals (to induce gap junction formation and 

chemosensitivity) in combination with chemotherapy may 

improve the efficacy of current anti-cancer treatments. 

Seven established oesophageal cancer cell lines, in 

addition to two established renal cancer cell lines are been 

employed in the current study. A technique to detect 

functional gap junctional communication has been 

optimised and used to assess GJIC in these cell lines. 

Optimum concentrations of biochemicals were optimised 

for individual cancer cell lines. Cancer cell lines were 

treated with the previously mentioned db-cAMP and 

ATRA, in addition to the protein kinase inhibitor, 

GF109203X. It was found that treatment of 5 cancer cell 

'»nes with db-cAMP and ATRA did not induce GJIC in cell 
,,nes that we found were negative for GJIC. Also, 

treatment of cancer cells that do display GJIC with these 

biochemicals did not upregulate GJIC in the squamaous 

oesophageal cancer cell line OC1, which displays 

functional GJIC. 

Gap junctions are composed of connexons, which are 

formed by the assembly of connexin proteins. 

Approximately 20 connexin proteins have been identified to 

date and are named according to molecular weight. Cx43 is 

a widely expressed connexin. The expression of connexin 43 

mRNA was investigated quantitatively, in the nice cancer cell 

lines, using real time PCR. The effects of overexpression of 

Cx43 have been investigated using transfections. 

Overexpression of Cx43 in the renal cancer cell line 786-0 

did not induce GJIC. Currently transient transfections of the 

eight additional cancer cell lines in our panel are employed, 

prior to assessment of functional GJIC and also to establish 

localization of the Cx43 plasmid post transfection. 

SCIENTIFIC REPORT 
Oesophageal cancer is a rapidly progressing cancer with a very 

poor prognosis, believed to be due to late detection and poor 

efficacy of the currently available treatments. There are two 

distinct histological types of oesophageal cancer, squamous 

carcinoma and adenocarcinoma Adenocarcinomas ate 

epidemiologically increasing in the Western world. Irish men 

and women display incidence rates of oesophageal cancer 

that are above the European average Caronoma of the 

oesophagus is one of the most challenging from thewewpotit 

of therapy. Few tumours have a more devastating effect on 

the host or are subject to so many disease management 

strategies. On presentation, 60% of oesophageal caronoma 

patients are not suitable for "curative" treatment due to 

advanced disease or co-morbid problems Resection of the 

tumour is the principal method of "curative" therapy *\ 

suitable patients, but sbB carries an operative mortality of S-

10% and a cure rate of less than 30%. 
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It is recognised that in order for carcinogenesis to progress 

the physiological interactions between normal cells and 

neighbouring adjacent cells become disrupted. Gap 

junctions are membrane structures that connect adjoining 

cells providing cell-cell communication. The individual unit 

of a gap junction (GJ) called a connexon, is formed by the 

assembly of 12 connexin proteins (Lodish et al). Each cell 

donates 6 connexin (Cx) molecules, which dock with 6 

from the adjacent cell to form water-filled pores that 

connect the cytoplasm of each cell. This allows the cells to 

review and adapt the functional status of their neighbours 

by allowing the exchange of signalling molecules. 

Downregulation of gap junctional intercellular 

communication (GJIC) is a phenotypic characteristic of 

cancer cells due to the downregulation or silencing of 

connexin genes. Gap junctional intercellular 

communication (GJIC) downregulation allows cancer cells 

to escape growth control and increases metastatic 

potential. However, it has been suggested that connexin 

synthesis in tumour cells can be induced in vitro through 

addition of a number of different compunds including 

retinoids, carotenoids and cAMP. A study which employed 

a neuroblastoma cell line IMR-32 reported that 

connexin43 expression and GJIC could be upregulated by 

adenosine 3', 5'-cyclic Monophosphate, N6, 02'-Dibutyryl 

(db-cAMP) and all trans retinoic acid (ATRA) (Carystinos et 

al). To date there are no published reports outlining the 

impact of these specific biochemicals on GJIC in renal 

cancer and oesophageal cancers. Hence, this study 

investigates the significance of Cx43 and GJIC in 

oesophageal and renal cancer. 

Established oesophageal cancer cell lines are employed for 

these investigations. It was also decided to include two 

established renal cell carcinoma cell lines in this study, 

namely ACHN and 786-0. ACHN and 786-0 are classified 

as clear cell renal cell carcinomas. 7 oesophageal cancer 

cell lines are used. The cell lines OC1 and OC3 were 

established in UCC. The commercially available cell lines 

OE19. OE21. OE33. KYSE-70 and KYSE-450 are used. Of 

these 7 established oesophageal cancer cell lines OC3, 

OE19 and OE33 have been classified as adenocarcinomas. 

The cell lines CXI . OE21. KYSE-70 and KYSE-450 have 

been classified as sqaumous cell carcinomas. 

Both db-cAMP and ATRA were reported to upregulate 

GJIC in the human neuroblastoma cell line IMR-32. In 

addition. ATRA has been reported to upregulate GJIC in 

the breast cancer cell line MCF-7 (Saez et al). However, an 
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inhibition of GJIC was reported for the cell line SCC-13 

cells after ATRA exposure (Rudkin et al). As there are no 

published reports concerned with the effects of these 

specific biochemicals on renal and oesophageal cancer cell 

lines this study was performed. 

In order to determine the most suitable concentrations of 

db-cAMP and ATRA to use for subsequent investigations 

the cell lines OE19, OE21, OE33, OC1, 786-0 and ACHN 

were investigated. Cytoxicity was determined by treating 

cells with 0.1 mM, 0.25mM, 0.5mM, 1mM and 2mM db-

cAMP for 24, 48 and 72 hour time points, prior to 

preparation of cyospins in order to assess morphological 

changes and also flow cytometry analysis to investigated 

uptake of propidium iodide (PI), as a measure of cell 

death. The alamar blue assay was also employed as a 

means of assessing in vitro proliferation. In the case of 

ATRA cells were treated with a variety of concentrations 

ranging from 5 micromolar to 100 micromolar for these 

optimisation assays. Optimum concentrations of 

biochemicals were established for each cell lines and the 

highest concentrations of biochemicals that could be used 

for up to 72 hour treatments and not associated with any 

adverse side effects were employed. 

In the present study an assay to access functional GJIC was 

optimised, using fluorescence-activated cell sorting (FACS) 

analysis, based on a modification of the procedure 

outlined by Carystinos et al. This assay investigated dye 

transfer. Specific concentrations of Dil and Calcein AM 

were optimised for each cell lines. Populations of cells 

were stained with Dil, which remains membrane bound. 

Separate populations of cells were stained with Calcein 

AM. Calcein AM is membrane permeable, but is cleaved 

intracellular^ by non-specific esterases to the fluorescent 

dye calcein, which is no longer membrane-permeable but 

may pass from cell to cell via gap junctions. These 

populations of cells were incubated together post staining 

with the specific dyes. The optimum time periods for the 

GJIC were optimised and at the end of the appropriate 

time period the cells are assessed by flow cytometry. Cells, 

which are postive for GJIC, are found to display specific 

populations of both red and green fluorescence. Cells 

that are negative for GJIC display separate populations of 

red fluorescence and green fluorescence following flow 

cytometry assessment. 

A neuronal cell line SHSY5Y was used as a positive control 

for GJIC. Seven oesophageal cancer cell lines: OC1 and 

OC3 (unique to UCC). OE19, OE21, OE33, KYSE-70, 

KYSE-450 were investigated for GJIC. Two renal cancer 
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cell lines ACHN and 786-0 were assessed. Only one of 

these 9 cancer cell lines (ACHN) has been assessed for 

GJIC to date. It was reported that the ACHN cell line does 

not exhibit GJIC, using different methodology (Noguchi et 

al.), a finding that concurred with the results generated in 

the current study. The results of these investigations are as 

follows: 

Cell line GJIC (+/-), SHSY-5Y +# OC1 +. OC3 -, OE19 -, 

OE21 -, OE33 -, KYSE-70 -, KYSE-450 -, ACHN -, 786-0 -. 

Figure 1 (a) shows an example of two of the cell lines 

assessed for functional GJIC, OC1 and OC3. 

The cancer cell lines OC1, OE21, ACHN, 786-0 and OE19 

were treated with db-cAMP and ATRA at the maximum 

concentrations that could be employed without any 

associated adverse cytotoxic effects. For these cells lines 

cells were treated for a variety of time points. Both 

untreated (control) and treated cells were assessed for 

GJIC. None of these cells lines displayed any alterations in 

GJIC post treatment with db-cAMP and ATRA. 

Preliminary research focused on chemosensitivity 

investigations, which were performed following treatment 

of established cancer cell lines with either cisplatin or 5-

fluoruracil (5-FU). Flow cytometry was performed in order to 

measure cell death, by investigating the uptake of PI and 

annexin. DNA fragmentation was investigated using 

electrophoresis. Investigated cell lines were found to display 

high resistance to these specific chemotherapy drugs, 

requiring treatment with high concentrations of drugs for 

48 hours, before cell death was detected. It was originally 

planned to combine treatment of these chemotherapeutic 

agents and the biochemicals adenosine 3',5'-cyclic 

Monophosphate, N6,02'-Dibutyryl (db-cAMP) and all trans 

retinoic acid (ATRA) in order to determine if increased 

sensitivity could be achieved, which would have an obvious 
imPact on cancer treatment. The results of these 

investigations had the potential to lead to improved 

therapeutic regimes whereby the efficacy of traditional 

pharmaceutical agents would become enhanced through 

synergistic application of biochemicals. This would have 

evident implications for anti-cancer therapy. However, as 

both db-cAMP and ATRA were found not to enhance GJIC, 

•nvestigations involving combining these biochemicals with 

chemotherapy drugs were not performed. 

t was found that treatment of 786-0 cells with db-cAMP 

and ATRA for 48 hours upregulated the protein expression 
of Cx43 and its phosphorylated forms, following western 
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blotting analysis. Also, a small population of renal cancer 

patients' paired normal and tumour samples were 

investigated for Cx43 protein expression, using western 

blots. There was no significant difference in Cx43 protein 

expression in these patients but a difference in 

phosphorylation was observed. As the sample study was 

very small it was not possible to perform statistical 

analysis. Real time RT-PCR was used to investigate the 

mRNA level of connexin 43 in all 10 cell lines (Refer to 

figure 2) and it was established that there was no 

correlation between connexin 43 expression and 

functional GJIC. All cell lines, irrespective of GJIC ability 

expressed this gene and cell lines that do not exhibit GJIC 

expressed higher levels of this gene than the GJIC positive 

cell lines SHSY-5Y and OC1 (Refer to Figure 2). 

It is believed that protein kinase C (PKC) inhibits gap 

junctional formation and also functional gap junctional 

communication (Lampe et al). Alterations of PKC have been 

reported for a variety of malignancies. Higher levels of PKC 

and differential activation of various PKC isozymes have 

been reported in breast tumours, adenomatous pituitaries, 

thyroid cancer tissue, leukemic cells, and lung cancer cells. 

Downregulation of PKCa has been reported in colon 

adenocarcinomas and in the early stages of intestinal 

carcinogenesis (PKCa is believed to possess tumour 

suppressive properties). PKC inhibitors have emerged as 

potential important tools in treatment of cancers. Hence 

OC1, the oesophageal cancer cell line, that was shown to 

display GJIC and the renal cancer cell line 786-0, shown not 

to display GJIC, were treated with the PKC inhibitor 

Bisindolylmaleimide I, GF109203X. These experiments 

aimed to assess if this biochemical has the potential to 

induce GJIC (786-0) or enhance GJIC (OCT). It was found 

that GF109203X did not have the potential to alter the 

existing GJIC status of these cell lines (Refer to Figure 1 (b)). 

In order to determine if overexpression of Cx43 could alter 

GJIC status, the 786-0 cell line, which does not display GJIC, 

was stably transfected with Cx43. It was found that 

overexpression of Cx43 did not induce GJIC in the 786-0 cell 

line. This renal cancer cell line was stably transfected with the 

Cx43 plasmid. Reverse transcription polymerase chain 

reaction (RT-PCR) was employed to select clones that 

expressed high levels of the Connexin 43 gene (Refer to 

Figure 3 (a)). GJIC was also accessed, and it was found that 

overexpression of Connexin 43 was not sufficient to induce 

GJIC (Refer to figure 3 (b))- This result would suggest that 

formation of gap junctions is inhibited or that if gap 

junctions do form subsequent gap junctional 

communication is inhibited in this cell line m order to 
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determine if Cx43 overexpression could induce GJIC in the 
additional cancer cell lines in our panel, these ceil lines are 
currently been transiently transfected with Cx43, prior to 
assessement of functional GJIC using the dye transfer assay. 
Cx43 and His-tagged Cx43 plasmids that are been used for 
the transfection analyses were kindly provided by You-Wei 
Zhang. Importantly, in addition to investigating if GJIC can 
be altered in these cancer cell lines, post transfection with 
Cx43 immunofluorescence (IF) is also employed to 
investigate the localisation of the Cx43 protein. The results 
of these experiments will be important, as if the His tagged 
protein becomes aberrantly localized following transient 
transfection, this would imply that these cell lines are 
incapable of forming gap channels and functional GJIC. 

The OE21 cell line, which has been shown not to display 
GJIC, has generated interesting data. Using 
immunofluorescence analysis, it has been shown that the 
His-tagged Cx43 plasmid becomes specifically localised to 
the plasma membrane, following GJIC. GJIC of transiently 
transfected OE21 is currently being investigated. Transiently 
transfected cells will also be treated with db-cAMP, ATRA, 
and GF109203X in order to determine if GJIC can be 
induced in the OE21 cell line.The OE21 cell line may be stably 
transfected with the Cx43 plasmid in order to perform in 
vitro studies to investigate the potential role of Cx43 as a 
tumour suppressor gene. An in vivo study employing nude 
mice may be employed, whereby nude mice would be 
innoculated with control untransfected OE21 cells or OE21 
cells stably transfected with the His tagged Cx43 plasmid. 
Tumour size would be measured and after sacrificing the 
animals the presence of metastases would be accessed. 

This study is important as it investigates the role of Cx43, 
GJIC status and the effect of specific biochemicals on 
oesophageal and renal cancer cell lines that have not been 
investigated to date. 

COMMUNICATIONS 
International Presentation 

7th International Symposium on Predictive Oncology and 
Intervention Strategies. Nice, France, 2004. The role of 
Connexin 43 in oesophageal and kidney cancer. Oral 
presentation. 

Poster Presentations 

The role of connexin 43 in oesophageal and renal cancer 
was presented at 

• The Irish Association for Cancer Research (IACR) / Irish 
Society of Medical Oncology (ISMO) Joint Cancer 
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Research meeting, Belfast, 2004 
• The Medical Research Day, Cork University Hospital, 

Cork, May 2004. 

Manuscripts Published 
The abstract presented at Nice was published: 

RN Hourihan, SL McKenna, C Dunne, JG Morgan, GC 
O'Sullivan. The role of Connexin 43 in oesophageal and 
kidney cancer. Cancer Detection and Prevention (2003), 
Volume 28, S-92. 

TRAINING 
Rebecca Hourihan 
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RESEARCH IMAGES 

Figure 1 

30,000 EVENTS 

OC1 

OC3 

GJIC + (Red a n d Green F luorescent) 

G r e e n F luorescent on l y (Di l ) 

Red F luorescent on l y (Calcein) 

B. Treatment of 786-0 cells w i t h GF109203X (Bisindolylmaleimide I) 
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RESEARCH IMAGES CONTINUED 

Figure 2: QUANTITATIVE RT-PCR ANALYSIS OF THE HOUSE KEEPING GENE BETA ACTIN AND OF CONNEXIN43 IN A PANEL OF 9 

OESOPHAGEAL CANCER CELL LINES, 2 RENAL CANCER CELL LINES AND THE NEURONAL CELL LINE SHSY-5Y 

BETA-ACTIN 
CX43 
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Figure 3 

A. RT-PCR, cDNA prepared f rom several clones 

GJIC: SELECTED CLONES 
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CANCER TYPE: 

RESEARCH CENTRE: 
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Predicting normal tissue toxicity in 

prostate cancer following 3D Conformal 

radiation therapy. A novel approach to 

the delineation of organs at risk and the 

use of individualised predictive 

indicators. [PCI03THI] 

Prostate Cancer 

Clinical Trials Unit, St Luke's Hospital, 
Highfield Road, Rathgar, Dublin 6 

2 years: October 2003 - September 2005 

(First 12 months funded by Irish Cancer Society) DR PIERRE THIRION 
PRINCIPAL INVESTIGATOR 

patient to experience radio-induced side-effect is essential. 

Robust pre-treatment dosimetric predictive factors (based 

on the initial radiotherapy plan) should allow 1/ to 

determine in daily practice the best treatment design for 

an individual patient, 2/ to develop safe radiotherapy dose 

escalation strategies, that may have the potential to 

increase cure rate, and 3/ to determine the potential 

benefit of new emerging radiotherapy technology, e.g. 

Intensity Modulated Radiation Therapy. 

St Luke's hospital has a long clinical experience in 3-

Dimensional Conformal Radiation Therapy (3-DCRT) for 

prostatic cancer, with the completion in 2001 of an 

institutional randomised clinical trial using this 

radiotherapy technique. Based on this institutional 

experience and the clinical trial database, the ICS-funded 

project aims to establish individual patient dosimetric 

predictive factors, physical or radio-btological, in order to 

improve daily patient care and establish the necessary 

rationale for the implementation of new radiotherapy 

technologies, e g. IMRT, in St Luke's Hospital 

Summary of Work Accomplished 
The funding was mainly used to resource the employment 

and training of a radiation therapist as a dostmetnst for 

the project. Over the past year the following milestones 

have been reached 

A) The employment and training of Ms Kathryn 

Fitzpatrick 
A radiation Therapist Ms Kathryn Fitzpatncte, has been 

employed part-time on the project. Kathryn is a fully 

trained radiation therapist who graduated in 1994 
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and, since then, has been working as clinical specialist 

in St Luke's hospital. She has an interest in clinical 

research, and has already been involved in institutional 

research projects [Martin J, FitzpatricK K, et al. 

Radiother Oncol 2005] and presented at several 

national scientific and professional meetings. Kathryn 

commenced work in June 2004. She initially completed 

a 4-month training period on radiotherapy treatment 

planning procedures. Her tasks now involve the 

planning and the delineation of relevant critical organ 

volumes (5 critical organs, > 2 designs per organ) for 

each of the 250 individual patient plans. To date 150 

plans out of 250 have been redesigned. She is also in-

charge of the study database. 

B) The development of treatment planning evaluation 

Tools 

The Bioplan software package was acquired and 

implemented by C. Kelly. This mathematical analysis 

programme allows the calculation of the Normal Tissue 

Complication Probability for the relevant critical organ 

to be used in the final analysis. 

C) Update of the clinical database 

The patient database has been completed and updated 
in November 2004 (P Thinon) 

D) Publications and Presentation 

The rationale and early results of the study have been 

already presented and published: 

- Book Chapters and European Workshop 
Presentation 

- Thinon P. Kelly C Computer Plan Evaluation Tools. In: 
ESTRO Teaching Course on Radiotherapy Treatment 
Planning Principles and Practice, Dublin Ireland, 7-11 
March 2004 

- Thinon P. Kelly C Computer Plan Evaluation Tools In: 
ESTRO Teaching Course on Radiotherapy Treatment 
Planning Principles and Practice. Dublin Ireland. 6-10 
March 2005 

- International Scientific Meeting 

Thinon P et al "impact of Organ*at-nsk design on 

dosimetric cntena-based plan acceptance in conformal 

prostatic radiation therapy" submitted to the 2005 

American Association of Therapeutic Radiology and 

Oncology Annual Meeting 

Conclusions 
To date the study is in advance of the initial intended time 

line, with 50% of the individual patient plans already re

designed. In the coming year, this project will be funded 

by the institution (St Luke's Institute of Cancer Research) 

and we hope to be able to produce the first definitive 

results before the end of 2005. It is hoped that this project 

will ultimately lead to improvement of daily patient care 

and result in significant publications. 
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ABSTRACT 
This project is a collaboration between the DNA Damage 

Response Group, Department of Biochemistry at the 

National University of Ireland Galway, and the Department 

of Plastic, Reconstructive and Hand Surgery at University 

College Hospital, Galway (UCHG), to screen sporadic cases 

of basal and squamous cell carcinoma (BCC and SCC) and 

melanoma, for mutations in the RAD30 gene, and for 

alterations in the expression of RAD30 mRNA. 

Both genetic and environmental factors play a role in the 

complex etiology of cancer. It is becoming clear from recent 

advances in genomics that variations in individual DNA 

sequence can modify cancer risk from exposure to, for 

example, environmental agents such as UV light and 

cigarette smoking. Being the most common cancer in 

Ireland and worldwide, skin cancer provides a good model 

in which to investigate the contribution of genetic and 

environmental factors to the complex etiology of cancer. 

RAD30 is human gene that is involved in skin cancer 

development, because patients with the rare, skin cancer-

prone disease, xeroderma pigmentosum variant (XPV) carry 

inactivating mutations in the RAD30 gene and have a 

thousand-fold increase in the incidence of skin cancer (BCC, 

SCC and melanoma) following exposure to ultraviolet light. 

RAD30 encodes a DNA polymerase (pol eta), which is 

required to reduce the incidence of sequence changes in 

the genome during replication of DNA containing UV light-

induced damage. To determine the role of this important 

gene is mutated or altered in skin cancer patients in the 

general Irish population (who do not suffer from XPV 

disease) we have developed molecular biological and 

genetic techniques to systematically analysed the DNA 

sequence of the entire RAD30 gene in 15 tumours from 

skin cancer patients attending a clinic in Galway. All patients 

analysed carry a wild-type (normal) gene sequence. 

We have also developed quantitative methods to determine 

the expression of the messenger RNA for this gene in skin 

tumours, and have for the first time analysed RAD30 gene 

expression from 20 tumours. For 6 of these tumours, 

expression levels in matched normal skin have been 

analysed. We have found that: (a) the gene is on average 

more highly expressed in tumours compared to normal skin 

tissue for the same individual, and (b) there are differences 

in the level of RAD30 gene expression between tumours 

from different individuals. This research has (i) established 

research in the field of oncogenomics, (ii) allowed the 

development of methods to analyse the RAD30 gene in Irish 

skin cancer patients, and (iii) demonstrated that RAD30 is 

expressed in skin tumours, and that the levels vary between 

different tumours. This data has been presented at national 

and international conferences, and a manuscript is in 

preparation for publication. 

Our ultimate aim is to use information on the molecular 

changes in tumour cells to develop methods that improve 

diagnosis and classification of skin tumours, with a view to 

earlier intervention and improved treatment 

SCIENTIFIC REPORT 
The objectives of the research project were as follows: 

1 Screen genomic DNA from skin cancers (SCC, BCC and 

melanoma) for mutations in the RAD30 cancer 
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susceptibility gene. 

2. Determine if expression of alternatively spliced forms of 

RAD30 is associated with skin tumours. 

3. Analyse the functional effects of RAD30 mutations on 

cellular responses to DNA damaging agents. 

Introduction 
Genetic changes are common in tumours, and 

understanding the precise genetic changes that are 

associated with specific cancers is important goal of cancer 

research. High-penetrance cancer susceptibility genes, such 

as the BRCA1 and BRCA2 genes for breast cancer, give rise 

to disease in most individuals with this genotype. In 

addition to these genes, low penetrance alleles of cancer 

susceptibility genes, which confer risk only under certain 

environmental conditions, may significantly increase cancer 

risk at the level of the individual level (Schork et al., 2000). 

A better understanding of the somatic mutations that 

occur in tumours may ultimately lead to more targeted 

therapeutic interventions (Peto, 2001). In the present study 

we have tested that hypothesis that alterations in the 

sequence or expression of the human RAD30 gene are 

associated with skin cancer in a patient cohort attending a 

clinic in Galway city. 

Genes involved in repair and processing of damaged DNA 

play an important role in cancer susceptibility. For 

example, in xeroderma pigmentosum (XP) a rare human 

genetic disease, mutations in genes required for repair or 

replication of ultraviolet light-damaged DNA lead to a 

thousand-fold increase in the incidence of skin cancer 

(BCC, SCC and melanoma) following exposure to 

ultraviolet light (Cleaver, 2000). In XP complementation 

groups A through G, inactivating mutations in genes 

encoding proteins in the nucleotide excision repair 

pathway, lead to an increased frequency of mutations in 

the genome, and ultimately to cancer. 

Mutations in Human RAD30 and Skin Cancer 
In the variant form of XP (XPV), skin cancer susceptibility 

results from a mutation in the RAD30 gene (Masutani et 

al.. 1999; Johnson et al., 1999). RAD30 encodes a novel 

enzyme. DNA polymerase eta, which is required for 

accurate replication of DNA containing damage induced 

by ultraviolet (UV) radiation or by oxidative stress. Human 

RAD30. located on chromosome 6p21.1-6p12, consists of 

11 exons, of which exon 1 is untranslated (Johnson et al., 

1999; Masutani et al.. 1999; Yuasa et al.. 2000). DNA 

polymerase eta is normally required to insert the correct 

base during replication past the major UV-induced lesions, 

the pyrimidine dimer. and the (6-4) photoproduct 
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(Masutani et al., 2000; Yao et al., 2001). DNA polymerase 

eta thus reduces the frequency of mutations during 

replication of UV-damaged DNA (translesion synthesis), a 

significant source of the mutations in growth regulatory 

genes, e.g. p53, that initiate skin, and other, cancers. In 

the absence of active polymerase eta as a result of RAD30 

mutations in XPV patients, lesions in the DNA are 

replicated by additional DNA polymerases, such as 

polymerase zeta (REV3) that frequently misinsert a base at 

the lesion site, greatly increasing the incidence of 

mutations in XPV cells (Woodgate, 1999). RAD30 

mutations greatly increase genome instability in cultured 

cells that lack functional p53 (Thakur et al., 2001). Since 

p53 is commonly mutated in SCC and BCC, with 

approximately 50% of BCCs having mutations in the pS3 

gene, the RAD30 status of a skin tumour may be an 

important determinant of tumour progression. Methods 

to define RAD30 genotype could therefore identify 

tumours that are especially prone to the accumulation of 

chromosomal aberrations, and to more aggressive 

progression. The RAD30 mutations identified in XPV 

patients to date result in truncation and inactivation of 

DNA polymerase eta (Johnson et al., 1999; Masutani et 

al., 1999; Broughton et al., 2002). 

Mutations in RAD30 in skin tumours could either be 

inherited as rare alleles that lead to decreased polymerase 

eta function, or could arise as a result of a somatic 

mutation in the skin cell. To determine whether sequence 

changes in the RAD30 gene, that result in reduced 

polymerase eta function, could contribute to cancers 

induced by DNA-damaging agents, we developed PCR-

based methods to amplify all ten coding exons from 

genomic DNA isolated from human skin tumours, and 

used the technique of glycosylase-mediated 

polymorphism detection (GMPD) to screen for mutations 

in the RAD30 gene. We have shown that this 

methodology can be used to screen sporadic cases of 

basal and squamous cell carcinoma (BCC and SCC) for 

mutations in human RAD30. 

In addition to sequence changes in the RAD30 gene, 

alterations in the expression of the messenger RNA for the 

enzyme product, DNA polymerase eta, could also be 

important in the response to damaged DNA in sun-

exposed skin cells. Until the present research project, there 

had not been any investigations of RAD30 expression in 

skin tumours and matched normal tissue, or indeed any 

methodology available to carry out this analysis. During 

the course of this research project we developed both RT-

PCR. and quantitative real-time PCR assays for detecting 
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and measuring RAD30 mRNA expression, and 

demonstrated that RAD30 mRNA is expressed in skin 

tumours, at higher levels than in matched normal skin 

samples. We found that an alternatively spliced form of 

RAD30 mRNA is expressed in skin tumours, and that there 

are significant differences between RAD30 expression 

levels in tumours from different individuals. 

RESEARCH SUMMARY 
Objective 1 
Screen genomic DNA from skin cancers for mutations in 

the RAD30 cancer susceptibility gene 

Patient cohort 

In order to determine the frequency of somatic mutations 

in the RAD30 cancer susceptibility gene, tumour tissue 

have been collected from 15 patients diagnosed with skin 

cancer (following a study protocol approved by the 

University College Hospital Galway Ethics Committee).-

Diagnoses were confirmed following histological 

examination of tissue specimens. DNA was isolated from 

15 tumours of the following types: 

8 squamous cell carcinoma (SCC); 

5 basal cell carcinoma (BCC), 

1 seborrhoeic keratosis, and 

1 keratcanthoma. 

A portion (5-20 mg) of tumour tissue was collected 

isolated by punch biopsy and immediately frozen, from 

patients undergoing surgery to remove the skin lesion. 

Genomic DNA was isolated for the tumour specimen 

using the Promega Wizard Genomic DNA purification kit. 

Amplif ication of RAD30 f rom genomic DNA. 
All ten coding exons of RAD30 were amplified from genomic 

DNA using PCR. Oligonucleotide primers were designed 

using either previously designed primers (Yuasa et al., 2000), 

and the Primer3 resource, based on published RAD30 

sequence data, available under the GenBank accession 

numbers, AB037998-AB038007. Each primer pair was 

designed to include amplification of the entire exon, 

including the intron/exon borders, except for exon 11 which 

was amplified using three separate primer pairs (Table 1). 

PCR products were separated by electrophoresis on a 1% 

agarose gel, and visualized using UV-transillummation 

(Figure 3). Amplification of the correct RAD30 exon using 

these primers was verified by analysis of PCR product size, 

and by direct dideoxy sequencing of the PCR products 

Amplif ication of RAD30 f rom genomic DNA 
Genomic DNA purification from skin tumour tissue has 

been optimized. Using RAD30 intron sequence data to 

design forward and reverse primers for coding exons 2 to 

11, PCR protocols were developed for amplification of 

each exon. PCR products were single DNA bands in the 

size range 200-500bp, when analysed by agarose gel 

electrophoresis (Figure 3A). 

Glycosylase-mediated polymorphism detection 

(GMPD). 

GMPD is a technique for detection of polymorphisms and 

mutations in DNA, in which uracil is incorporated into a 

PCR product during amplification, and a uracil-specific 

enzyme is subsequently used to cleave at sites of uracil in 

the DNA (Vaughan and McCarthy, 1999). Sequence 

changes are detected as fragment length polymorphisms: 

the size or frequency of peaks in the electrophoretogram 

will differ for each sample depending on whether a 

sequence change is present or not. Prior to utilizing the 

GMPD technique to screen for unknown sequence 

changes in human skin tumours, the technique was 

validated to confirm that known mutations in RAD30 

could be detected using this approach (Carty et al., 2003). 

We developed robust methods to establish the RAD30 

genotype in DNA from skin tumours. Using 5-TET, HEX or 

FAM fluorescently-labelled primers in exon-specific PCR 

reactions, individual RAD30 exons were screened for 

mutations using GMPD, following separation of fragmented 

PCR products on an ABI 377 automated sequencer (Figure 

3B). 45 samples showing an altered peak pattern on an 

electrophoretogram were further analysed by direct DNA 

sequencing (Lark Technologies, UK) followed by sequence 

alignment analysis using ClustalW to compare the RAD30 

sequence to that in the GenBank database. In total 180 

individual coding exons from RAD30 from 15 skin cancer 

patients were amplified by PCR and analysed by GMPD All 

exons analysed carried the wild-type RAD30 sequence 

Direct sequencing of RAD30 exons. 
In patients with the genetic disease XPV mutations are 

commonly detected in exons 2, 4, and 8 To determine 

whether any of these disease-causing alleles were present 

in the Irish skin cancer cohort, exons 2. 4 and 8 were 

amplified by PCR from 10 tumours, and the DNA was 

sequenced directly (Lark Technologies, UK), without pre-

screenmg using GMPD No sequence changes were 

detected upon direct sequencing of these exons 

Conclusion 

(i) Systematic genotypmg studies reveal that sporadic skin 

tumours examined contain the wild-type RAD30 coding 

sequence 
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Objective 2 

Determine if expression of alternatively spliced forms of 
RAD30 is associated with skin tumours. 

Expression of RAD30 mRNA in skin tumours. 

In addition to sequence changes in RAD30, alteration in 

gene expression leading to changes in enzyme activity 

could also be important in the response to damaged DNA 

in sun-exposed skin cells. To date there had not been any 

investigations of RAD30 expression in skin tumours, or 

indeed any methodology available to carry out this 

analysis. In the course of this project, we developed RT-

PCR and real-time PCR methods to analyse and quantify 

RAD30 gene expression in skin tumours. 

Patient cohort 

We have investigated whether changes in the expression 

of RAD30, leading to overproduction of the alternately 

spliced form of RAD30, leading to loss of polymerase eta 

function, are associated with skin tumours. Skin tumours 

were excised during routine surgery, and a portion of the 

tumour was immediately added to RNAIater solution 

(Ambion), which stabilises RNA allowing subsequent 

isolation of intact RNA. Total RNA was isolated from 20 

skin tumours of the following types: 

8 basal cell carcinomas (BCC), 

8 squamous cell carcinomas (SCC), 

1 syringocystadenoma papilliferum , 

1 seborrheic keratosis, 

1 malignant melanoma (MM) and 

1 benign sebaceous hyperplasia (SH). 

In 6 of these cases (comprising 2 BCC, 2 SCC, 1 MM and 

1 SH), matched normal tissue was excised at the time of 

surgery from a point approximately 0.5 cm away from the 

tumour. RNA was isolated from the normal and tumour 

tissues, using the RNeasy ProtectTM minikit (Qiagen 

Corp.). RNA was quantified and characterised by 

spectrophotometry and by agarose gel electrophoresis. 

cDNA was prepared from the isolated RNA and RT-PCR 

and real-time PCR analysis were carried out. 

Detection of a spliced form of RAD30 using RT-PCR. 

An alternatively spliced form of RAD30 mRNA was described 

previously (Thakur et al.. 2001). To determine whether the 

alternately spliced form of RAD30 is expressed in skin 

tumours, the primers 5'GCCAGGTGTTTGTTACCTTGA3 and 

5'GCACGTTCAATCACAGCAAAAC3' were used to amplify a 

358 base-pair (bp) product spanning exon 2. Full-length 

RAD30 transcript was detected in all skin tumour and white 

blood cells analysed. In skin tumours, amplification of the 218 
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basepair PCR product derived from the alternately spliced 

RAD30 transcript was more highly expressed in skin tumours 

than in white blood cells from the same patient (Figure 1a). 

Conclusions: 

(i) RAD30 mRNA is expressed in skin tumour and normal 
tissue 

(ii)An alternatively spliced form of RAD30 in more readily 

detectable in RNA from skin tumour tissue than in RNA 

from white blood cells from the same individual. 

Development of a real-time PCR method to quantify 
expression of RAD30. 

We have developed a quantitative real-time PCR-based 

method applicable to the LightCycler system (Roche 

Diagnostics) to measure the level of RAD30 expression in 

clinical skin tumour isolates (Figure IB; Figure 2). Optimised 

primers for RAD30 exons 3 and 4 (Pol S, forward primer, 

and Pol A, reverse primer) and RAD30 Taqman probe (Pol 

P, labelled with LC-Red 640) were added to a final reaction 

volume of 20 ml containing 4 mM MgCI2, and Lightcycler-

FastStart reaction mixture (Roche Diagnostics). Results 

were analysed using Lightcycler Version 3.5 software and 

Lightcycler Relative Quantification software Version 1 

(Roche Diagnostics), b-actin expression was also measured 

m each sample, and used as a standard to normalise 

RAD30 results using the same conditions. Using a Taqman 

probe. RAD30 expression is detected as an increase in 

fluorescence with increasing cycle number, and quantified 

by reference to a standard curve. Real-time PCR 

methodology has been applied to quantify RAD30 

expression from RNA isolated from 20 skin tumours, and 

from matched normal skin samples from 6 of these 

patients (Flanagan et a l , manuscript in preparation, 2005). 

Conclusions: 

d) Individual tumours vary in the level of RAD30 expression. 

Overall, RAD30 mRNA expression is higher in skin tumours 

m comparison to white blood cells from the same 

individual (Figure IB). The average normalised expression 

•n all tumours is 0.08 +/- 0.08, compared to 0.18 +/- 0.26 

m white blood cells form the same individual. 

(ii) Comparison of RAD30 expression in matched skin 

tumors and normal tissue (Figure 1C) shows that in 4 of 

6 skin tumours examined, RAD30 mRNA expression is 

lower in tumour tissue than in the matched normal 

tissue. The average fold-difference between expression 

'evels in matched normal and tumour tissues 

(calculated by dividing the normalized ratio for each 
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normal tissue by the normalized ratio for the 

corresponding tumour tissue and taking the average) is 

1.8 (Figure 2a). 

(iii)lndividual tumors vary in the level of RAD30 expression, 

as shown by plotting the normalized ratios for 

individual tumours (Figure 2b). 

(iv )When tumours are compared by type, there is a 

significant difference in RAD30 mRNA expression 

between BCC (0.29 +/- 0.19, n=8), compared to SCC 

(0.11 +/- 0.07; n=8) (Figure 2b). 

expression between normal and tumour tissue, shown that 

there are differences in expression between patients, and 

between tumours of different cellular origin (BCC and SCC). 

This analysis can be expanded by (i) examining the entire 

battery of DNA polymerases involved in processing damaged 

DNA in skin tumours, (ii) carrying out in situ hybridization 

analysis of RAD30 mRNA, and immunohistochemical 

analysis of pol eta protein in tumour and normal tissue, as 

well as (iii) functional analysis of pol eta expression in cell 

lines. Overall, this work provides fundamental information 

on the sequence and expression of an important skin cancer 

susceptibility gene in an Irish patient cohort. 

Objective 3 
Analyse the functional effects of RAD30 mutations on 

cellular responses to DNA damaging agents. 

Since our analysis of the RAD30 gene has demonstrated 

that somatic mutations are uncommon in skin tumours, 

while alterations in RAD30 mRNA expression occurs, we 

have focused on developing methods to regulate RAD30 

mRNA expression in cell lines in order to evaluate the 

functional effects of differences in pol eta expression on 

cellular responses to DNA damage. As part of other 

projects in the laboratory, we have developed a modified 

XPV cell line in which pol eta can be induced by addition 

of tetracycline. This cell line can be used to test the effect 

of modulating the level of RAD30 expression on cell 

survival and activation of DNA damage responses. 

Experiments of this type are planned for the remainder of 

the grant period. 

Summary 

To characterize the role of the skin cancer susceptibility gene, 

RAD30, in skin cancer incidence in the general population, 

we have developed methods to reproducibly amplify all ten 

coding exons of RAD30 from skin tumour and white blood 

cell genomic DNA. Glycosylase mediated polymorphism 

detection has been validated to detect mutations in this gene. 

Insights into the RAD30 status of skin tumours may 

contribute to an understanding of the role of this gene in the 

development of a common cancer in the general population 

Up to this point, there have not been any investigations of 

RAD30 expression in skin tumours, or indeed any 

methodology available to carry out this analysis. We have 

investigated whether changes in the expression of RAD30, 

are associated with skin tumors. We have developed a 

quantitative real-time PCR-based method applicable to the 

LightCycler system to measure RAD30 expression in clinical 

skin tumour isolates. We have identified differences in 

PUBLICATIONS 
Carty MP, Glynn M, Maher M, Smith T, Yao J, Dixon K, 

McCann J, Rynn L, Flanagan A. "The RAD30 cancer 

susceptibility gene", Biochem Soc Trans. 2003 Feb;31(Pt 

1):252-6. 

COMMUNICATIONS 
Oral Communication 
• A. Flanagan, G. Rafferty, J. McCann, L. Rynn, M. 

Maher, T. Smith and M.P. Carty. The clinical analysis 

variations in the RAD30 cancer susceptibility gene. Irish 

Association for Cancer Research annual meeting, 

Kilkenny, April, 2003 (oral communication) 

• A. Flanagan* G. Rafferty, L. Rynn, J. McCann, M. 

Maher, T Smith and MP. Carty. The clinical analysis of 

expression and sequence changes in the RAD30 cancer 

susceptibility gene. Talk*, presented at 28th Sir Peter 

Freyer Memorial lecture/Irish Society of Surgical 

Oncology meeting, NUI, Galway, September 2003 Irish 

Journal of Medical Science 172 (3; supplement 2): 45. 

Manuscripts in Press, Submitted and in Preparation 
• A. Flanagan, G. Rafferty, L Rynn, J McCann, M Maher 

and MP. Carty. Characterization of the RAD30 cancer 

susceptibility gene in individuals with BCC or SCC 

American Association for Cancer Research special 

conference: 

• O'Neill, A., Flanagan, A M , Rafferty, G , McCann, J. 

Maher, M , Carty, MP. (2004) The RAD30 cancer 

susceptibility gene characterisation in individuals with 

BCC or SCC British Association of Plastic Surgeons 

Meeting, Royal College of Surgeons, Dublin 2004 (oral 

communication) 
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• G. Rafferty, A. M. Flanagan, A. O'Neill, J. Kelly, J. 

McCann and M. P. Carty. Analysis of DNA polymerase 

gene expression in human skin tumours by RT-PCR and 

real-time PCR. Irish Association for Cancer Research 

Annual meeting, Kilkenny, March 2005 (Poster) 

SCIENTIFIC DEVELOPMENTS 
This work has led to the development of collaboration 

between basic and clinical scientists at NUI Galway and 

University College Hospital Galway in the field of 

oncogenomics. Systems for collection of tissue samples, 

and for reliable and reproducible isolation of intact DNA 

and RNA have been established, that are applicable to 

other projects investigating the molecular genetics of 

cancer development. New molecular biology based 

methods for analysis of RAD30 gene sequences, based on 

glycosylase mediated polymorphism detection, have been 

developed. A novel real-time PCR methodology for 

quantitiation of RAD30 gene expression in clinical samples 

has also been developed and validated. We have used 

these new methods to demonstrate that, while tumours 

do not show somatic mutations in the RAD30 gene, levels 

of RAD30 gene expression differ between tumour and 

normal tissue from the same individual, and between 

different skin cancer patients. 
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Figure 1 

A. RT_PCR of RAD30, showing full length and alternatively spliced transcript (arrow) 
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C. Comparison of RAD 30 mRNA expression in skin tumours and matched normal skin tissue. 
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Figure 2 

A. Average fold difference of tumours and 
normal tissue 
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Figure 3 

(A) Schematic diagram of amplification of ten coding exons of human 

(B) Representative pattern of flourescent peaks fol lowi 
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RAD 30 (above); agarose gel electolphoresis of individual PCR products (below). 

ng analys.s of DNA sequence by glycosylase mediated polymorphism detection (GMPD) 
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PRINCIPAL INVESTIGATOR 

ABSTRACT 
We are interested in the biology of melanoma. Early 

melanoma is completely cured by surgery in most cases, 

however, for advanced stage melanomas the treatment of 

this disease is difficult. Although there have been 

important advances in palliative care there has been little 

improvement in approaches designed to increase survival. 

A better understanding of the mechanism of this disease 

may provide new therapeutic approaches. We have 

known for a long time that melanoma is a disease caused 

by changes in genes. Recently there have been important 

advances in the understanding of melanoma genetics; 

that is to say, we now know a lot more about which genes 

are changed in melanoma cells. My group in interested in 

signal transduction biology of melanoma. Every cell (both 

normal and malignant) rely upon signals from their 

surrounding tissues to drive cell growth. These switch on 

signal pathways. Cancer cells sometimes have abnormal 

pathways which are always switched on. We and other 

groups have previously found increased PTK genes in 

melanoma cells. PTK genes are oncogenes, they cause 

cancer and have been described as being akin to the gas 

peddle in a car. Cancer cells also have brakes, called tumor 

suppressor genes. We believe that PTP genes are tumor 

suppressor genes. We think this is likely to be true because 

PTP do the opposite to PTKs. Recently we found decreased 

PTP gene in melanoma cells. We believe that if you take 

away the brake then you increase drive into the cell cycle, 

the melanoma cells grow fast and you get a melanoma. To 

test our idea we are inhibiting PTP function in normal 

melanocyte cells; if our idea is correct then inhibition of 

these genes will result in a fast growing melanoma in a 

plastic dish. The importance of this work is that re-

expression of PTPs might inhibit melanoma growth and 

that this approach might represent a new therapeutic 

approach towards melanoma. 

SCIENTIFIC REPORT 
There are three areas in progress within our project. These 

include; 

1. The transfer of the technology to create Genetic 

Suppressor Element (GSE) libraries from the USA 

(Albany) to our lab in Dublin; 

2. The establishment of a system to quantify expressed 

RNA levels of protein tyrosine phosphatases (PTPs) in 

clinical tumour samples, 
3. The establishment of an immortalised melanocyte cell 

line. 

The transfer of the technology to create Genetic 

Suppressor Elements 

This has involved the bulk of the work As outlined in our 

earlier report, the cDNA for number of protein tyrosine 

phosphatases were either obtained through the IMAGE (an 

Integrated Molecular Analysis of Genomes and their 

Expression) consortium, or were amplified using PCR with 

specific pairs of PTP primers from appropriate cell lines The 

sequences of these cDNA samples was validated with a 

combination of sequencing and restriction digest profiling 

After spending one month in Dr Igor Ronmson's laboratory 

in Albany. New York, the technology for the creation of a 

GSE library was transferred here to Ireland One of the 
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major problems/issues was that the Roninson laboratory 

itself was in the process of modifying the technology and 

changing the host vector system for creating the libraries. 

This involved a shift from an adenoviral system to a 

lentiviral system. Lentiviruses have become very popular 

recently as a host vector system for gene therapy and 

small interference RNA (siRNA) applications. There are 

number of reasons for this. Most importantly, lentiviruses 

have a broad tropism and can be transduced into most 

mammalian cells - even non-dividing cells. In addition, 

lentivirus genetic material is integrated into the genome 

and hence there is persistent gene transfer. This allows for 

a simple and robust means to create stable cell lines. 

However, lentivirus vector systems for genetic engineering 

are derived from Human Immunodeficiency Virus (HIV), 

and therefore there are greater biosafety and hazard 

issues regarding their use. 

A large part of last year was spent obtaining the tools for a 

lentiviral gene delivery system, validating them, and, most 

importantly, obtaining Environmental Protection Authority 

(EPA) authority to use lentiviruses at University College 

Dublin. Lentivirus production systems are based on a "split" 

system, where the viral genome is split into individual 

constructs. The separation of the different viral elements 

reduces the risk of creating a replication-competent virus 

(RCV) by adventitious recombination of lentiviral genome. 

The lentiviral system we are using was originally developed 

by Dr Didier Trono in Geneva (www.trono.com). It consists 

of the lentiviral vector pLVTH, the packaging vector pCMV-

DR8.91, and the envelope vector pMD2-VSVG. Lentiviral 

particles are generated by co-expressing the packaging 

elements and the vector genome in a cells used as a 

producer, e.g. the 293T human embryonic kidney cell. In 

our system, the pCMV-DR8.91 vector encodes all the 

packaging elements, e.g. gag, pol, rev, etc. The pMD2-

VSVG vector encodes the vesicular stomatitis virus (VSV) G 

protein, which allows a broad tropism. The pLVTH vector 

encodes the essential elements of the virus, besides the 

packaging proteins and the envelope protein, to infect a 

target cell. Finally, it should also be mentioned that pLVTH, 

and other types of lentiviruses used for gene delivery 

systems, tend to be self-inactivating (SIN). Briefly, these 

vectors contain deletions in the transcriptional activation 

unit in the 3' region of the long-terminal repeat (LTR) that 

results in inactivation of the LTR after integration into the 

genome. The virus can integrate into the target host 
genome, but it cannot replicate. 

Although EPA clearance is required to produce active 

virus, it was not deemed hazardous to clone a GSE library 
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into the pLVTH vector. It was determined to clone the 

library into the Pac I and Spel restriction sites. This area 

includes the cDNA encoding for green fluorescent 

protein (GFP) and a central polypurine tract (cPPT), 

thought to be important in some cell systems for 

increasing the efficiency of viral entry into the target cell 

nucleus. Although GFP would be useful as a marker, this 

area of the vector was assessed to be the least important 

for producing active virus. 

A strategy for the cloning was developed. A large amount 

of experimentation was required to obtain the optimal 

fragmentation of the cDNA. For a successful GSE library 

the cDNA fragments should be in the 200-500 kb range. 

This cDNA is extracted and adapters containing Pac I and 

Spe I sticky ends are ligated to it. The adapters also contain 

the appropriate START and STOP sequences in all three 

reading frames to eventually initiate protein translation. 

This DNA was then cloned into an appropriately restricted 

VTH vector (double cut with Pac I and Spe I). However, we 

found that if we further amplified the adapted DNA with 

optimal PCR primers, we could obtain more product to 

clone into the vector. The primers used to amplify the 

adapted fragmented DNA (GSEPCRstart and GSEPCRstop) 

contained all of the restriction enzyme sequences (Spe I 

and Pac I) incorporated into them to enable efficient 

digestion of the PCR product. 

This procedure was followed successfully to create a GSE 

library for protein tyrosine phosphatase receptor kappa 

(PTPRK). However, these clones have yet to be sequenced 

to validate them. Moreover, a PCR product was 

successfully obtained from the PTPRK adapted fragmented 

DNA and this was restricted and cloned into pLVTH. To 

complete the objectives of this current project this product 

now needs to be validated and a library for total PTPs 

created. This goal will be achieved within the next six 

months of our project. 

It should also be noted that another group we collobrate 

with has also successfully created a library of a range of 

genes found to be differentially expressed in a series of 

melanoma cell lines using microarray technology. This 

group utilised our' vector, primers and strategy design to 

create this library and we have been intrinsically involved 

in their work. 

In addition, a few months ago we obtained a licence from 

the EPA to utilise this vector to deliver genetic material to 

a range of primary cells and cell lines. We are 

the first group to be permitted to use lentiviruses in U.C.D. 
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Already, we have created active infectious virus and used this 

to transduce a range of melanoma cell lines. Currently, we 

are trying to optimise this procedure. In the future, we also 

plan to determine whether an immortalised melanocyte cell 

line can be infected with this vector (see below). 

Finally, the pLVTH vector is very flexible and allows for the 

simple insertion of a shRNA (short hairpin RNA) cassette 

upstream of the H1 promoter. We have designed some 

shRNA sequences that should interfere with PTPRK 

expression and we plan to clone them into the vector. 

Thus, we have a focussed library and an individual gene 

approach to targeting genes for suppression. 

The establishment of a system to quantify expressed 

RNA levels of protein tyrosine phosphatases (PTPs) in 

clinical tumour samples 

Although probes for PTPs exist in the Affymetrixa and other 

microarray systems, these genes often have very low copy-

numbers in clinical samples, and so determining differences 

in tissues can be difficult. Therefore, we designed a PTP 

TaqmanO low density array from Applied Biosystems. In 

this procedure, one can order up to 95 probes to be 

screened using the TaqmanO quantitative PCR system. 

Metastatic melanoma RNA biopsies were obtained as a 

collaboration with a group in Norway. Samples were 

analysed on a BioAnalyzer (Applied Biosystems) for quality 

and quantity. The RNA was then converted into cDNA and 

applied onto the PTP TaqmanO array. As controls we have 

utilised cDNA from moles and an immortalised melanocyte 

cell line Hermes-1 (see below). This data is still being 

processed. Most importantly, we have survival data for all 

the metastatic melanoma samples and we will be able to 

correlate this with PTP expression. 

The establishment of an immortalised melanocyte 

cell line 

We have obtained an immortalised melanocyte cell line 

(Hermes-1) from Prof. Dot Bennett's group at St. George's 

Hospital, London. These melanocytes were derived from a 

patient with a deletion in the ink4a locus. The cells were 

then transduced with a vector encoding hTert and hence 

established as an immortalised melanocyte cell line. The 

media for these cells is very complex and their maintenance 

is challenging. We will use these cells in order to test the 

effects of manipulation of PTP gene expression. 

COMMUNICATIONS 
Paper in preparation: PTP Expression in melanoma 

metastases. 

SCIENTIFIC DEVELOPMENTS 
We are developing our PTP Taqman screen as a possible 

predictor of metastasis, this is in collaboration with a 

group in Norway. 

TRAINING 
Dr Stephen Donoghue 
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Research Project Abstracts 
Funded during period Oct 2004 - Sept 2005 

BLADDER CANCER 

McCann Amanda et al. 
Epithelial Mesenchymal Transition (EMT) markers as 
predictors of recurrence in transitional cell carcinoma 
(TCC) of the bladder, [CRI04MCC] 

Keywords: EMT; Epithelial Mesenchynal Transition, TCC; 

Transitional cell carcinoma of the Bladder, HMGA2,14-3-3-

delta 

Cancer Type: Bladder Cancer 

Research Type: Cancer Progression and Metastasis 

Discipline: Molecular Biology 

Research Location: Conway Institute, NUI, Dublin 

Transitional cell carcinoma (TCC) of the bladder 

inherently has a high risk of tumour recurrence 

associated with its biology. Importantly, no reliable 

molecular marker is currently available to identify which 

TCC patients are likely to develop metastatic disease. In 

the scientific literature, there is much interest in the 

phenomenon of epithelial mesenchymal transition 

(EMT). This describes the conversion from an epithelial to 

a mesenchymal phenotype, and is increasingly being 

considered as an important event in carcinoma 

progression and metastasis. The increased invasive 

potential associated with EMT, coincides with loss of 

epithelial characteristics, and the acquisition of cells with 

an increased migratory and motile phenotype, allowing 

them to detach away from the parent tumour and move 

to distant sites. As part of this EMT process, a number of 

proteins have been found to play a key role, identifying 

them therefore as candidate predictors of metastasis. 

Little is known however about these proteins in TCC of 

the bladder. Our overall hypothesis is that detection of 

EMT, either in the bladder tissue at the time of diagnosis, 

or in the patients' urine in subsequent follow up, will 

accurately predict the likelihood of bladder tumour 

recurrence, and thereby indicate the need for closer 

patient monitoring. The development of an EMT urine 

test could result in an accurate non-invasive procedure to 

monitor TCC disease progression. 

McCann Amanda etal. 
E-cadherin promoter methylation status and c-MET/HGF 
expression levels in transitional cell carcinoma of the 
bladder, [CRI03MCC] 

Keywords: E-cadherin, Methylation, TaqMan Real time 

PCR, EMT; Epithelial Mesenchynal Transition, TCC; 

Transitional cell carcinoma of the Bladder, 

Cancer Type: Bladder Cancer 

Research Type: Cancer Progression and Metastasis 

Discipline: Molecular Biology 

Research Location: Conway Institute, NUI, Dublin 

Transitional cell carcinoma (TCC) of the bladder 

inherently has a high risk of tumour recurrence 

associated with its biology. Importantly, no reliable 

molecular marker is currently available to identify which 

TCC patients are likely to develop metastatic disease. In 

the scientific literature, there is much interest in the 

phenomenon of epithelial mesenchymal transition 

(EMT). This describes the conversion from an epithelial to 

a mesenchymal phenotype, and is increasingly being 

considered as an important event in carcinoma 

progression and metastasis. The increased invasive 

potential associated with EMT, coincides with loss of 

epithelial characteristics, and the acquisition of cells with 

an increased migratory and motile phenotype, allowing 

them to detach away from the parent tumour and move 

to distant sites. As part of this EMT process, a number of 

proteins have been found to play a key role, identifying 

them therefore as candidate predictors of metastasis. 

Little is known however about these proteins in TCC of 

the bladder. Our overall hypothesis is that detection of 

EMT, either in the bladder tissue at the time of diagnosis, 

or in the patients' urine in subsequent follow up, will 

accurately predict the likelihood of bladder tumour 

recurrence, and thereby indicate the need for closer 

patient monitoring. The development of an EMT urine 

test could result in an accurate non-invasive procedure to 

monitor TCC disease progression. 
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BREAST CANCER 

Dervan, Peter et al. 
Genetic Determinants of Progression of DCIS to Invasive 
Breast Cancer,[CRI04DER] 

Keywords: Genes; oncogenesis: DCIS; tunour progression; 

array CGH 

Cancer Type: Breast Cancer 

Research Type: Cancer Initiation: Oncogenes and Tumor 

Suppressor Genes 

Discipline: Molecular Biology 

Research Location: Eccles Breast Screening Unit/ Mater 

Hospital & The Conway Institute of Biomolecular and 

Biomedical Research. 

This is a gene-discovery project that aims to identify which 

genetic abnormalities contribute to breast cancer 

progression from Ductal Carcinoma in Situ (DCIS) to 

invasive carcinoma. 

Most breast cancers begin within the breast ducts. These 

are detectable only by mammography and are classified as 

Ductal Carcinoma in Situ (DCIS). With time (years) cancer 

cells break through the duct wall into the surrounding 

tissue. These are called invasive cancers and they can 

spread (metastasise) and kill the patient. We do not know 

what factors control progression from DCIS to invasive 

cancer. The molecules responsible are likely to be proteins 

and these are produced by malfunctioning genes. 

These genes send biochemical messages to the cellular 

organelles ("protein machines") located outside the 

chromosomes (where the genes are located). In turn, 

these minuscule machines manufacture too much, too 

little or abnormal proteins. The result is progressive 

uncontrolled growth of cancer cells. Their proteins destroy 

the duct wall and allow them to invade into the 

surrounding breast tissue. This project has a unique 

combination of (1) fresh tissue from large numbers of 

consenting patients with DCIS and invasive cancer, (2) 

expert surgeons, pathologists and scientists with a specific 

interest in breast cancer and (3) novel and state-of-the-art 

technology. Ultimately, the findings may contribute to the 

development of targeted drug therapy. 

Duffy, Michael et al. 
Mammaglobin as a marker for breast cancer, 
[CRI03DUF] 

Keywords: Genes; disease marker, breast cancer, 

mammaglobin 

Cancer Type: Breast Cancer 

Research Type: Early detection 

Discipline: Molecular Biology 

Research Location: St. Vincent's University Hospital, Dublin 

A tumor marker can be defined as a substance which can 

be used either to detect a cancer or provide information 

regarding the cancer (eg, how dangerous the tumor 

is).One of the best known examples of a tumor marker is 

PSA which is frequently tested in order to screen for 

prostate cancer. The reason why PSA is such a useful 

tumor marker is that it is only produced by prostate tissue. 

Any increase in levels of PSA in blood therefore usually 

means some type of prostatic disease, though not 

necessarily prostate cancer. 

Until recently, no such breast-specific substance had been 

described (le, a substance present in breast but not in any 

other type of tissue). Over 5 years ago, researchers in the 

USA identified what appears to be the first breast-specific 

protein which they called mammaglobin. Mammaglobin is 

a small protein whose function still remains to be 

established. 

The aims of our project are: 
• To confirm that mammaglobin is only present in breast 

tissue, 
• To see if higher levels of mammaglobin are present in 

breast cancer compared to benign breast tumors, 

. To investigate why mammaglobin is only present in 

breast tissue, 

• To see if testing for mammaglobin can be used to 

detect early breast cancer, 

• To see if testing for mammaglobin can be used to 

identify if breast cancer has spread, 

• To identify if levels of mammaglobin can be used to 

distinguish dangerous types from indolent types of 

breast cancers 

CANCER RESEARCH IRELAND YEARBOOK 2004 I 2005 

117 



RESEARCH PROJECT ABSTRACTS FUNDED DURING PERIOD OCT 2004 - SEPT 2005 

Appendix 1 

Gallagher, William etal. 
Functic of breast cancer: A focus on 
metastasis, [CRI02GAL] 

Keywords: Breast cancer, metastasis, biomarkers, tissue 

microarrays 

Cancer Type: Breast Cancer 

Research Type: Cancer Progression and Metastasis 

Discipline: Molecular Biology 

Research Location: Conway Institute, NUI, Dublin 

The mam cause of morbidity and mortality in patients with 

breast cancer, and indeed all cancers, is the formation of 

metastasis. Using state-of-the-art molecular biological 

techniques, the aim of this project is to identify in a 

comprehensive manner the various genes and proteins 

involved in breast cancer dissemination (i.e. spread). In 

particular, the project team will use highly advanced 

GeneChip and ProteinChip technologies, which are currently 

revolutionising the study of cancer. The project is setting out 

to define a "molecular fingerprint" of breast cancer 

metastasis that will be useful not only for determining patient 

prognosis, but also for the discovery of new anti-cancer 

therapies. The work is greatly facilitated by interactions with 

clinical colleagues in St. Vincent's University Hospital and 

expert technology resources at the Conway Institute in 

University College Dublin. Preliminary studies have already 

identified a collection of serum proteins, known as 

biomarkers, that can be used to discriminate between 

patients with or without evidence of breast cancer. In 

addition, these investigators have recently utilised a high-

throughput form of specimen screening, known as tissue 

microarrays, to determine the most optimal cancer markers 

that predict patient outcome. 

tumours often develop in sites distant to the original 

tumour and in the case of breast cancer, these often form 

in bone and can lead to pain, loss of mobility and 

paralysis, this molecule in cancer. In this project the team 

will clarify the role of this molecule in both the growth and 

metastasis of breast cancer. Relatively little is currently 

known about the role of insulin-like growth factor binding 

protein 4 (IGFBP4) plays a role in tumour growth and the 

bone degradation which accompanies bone 

metastases.We previously established that metastatic 

tumours, particularly those growing in bone, express high 

levels of IGFBP4 mRNA. Relatively little is currently known 

about the role of this molecule in cancer. Insulin-like 

growth factor, IGF, may play a role in local tumour 

progression and development of distant metastases and in 

theory, IGFBP4 could inhibit tumour growth by decreasing 

bioavailability of IGFI. We have demonstrated that IGFBP4 

binding of IGF1 inhibited the growth of breast cancer 

cells. We identified that PAPP-A, pregnancy associated 

plasma protein A, an IGFBP4 specific protease, is 

expressed at high levels in the lung and bone tumours. 

This protease cleaves IGFBP4 into inactive fragments 

incapable of binding IGF. We have established that tumour 

cells produce IGFBP4 but do not appear to produce PAPP-

A, suggesting that this protease is produced by host cells 

in response to the tumour. We are now cloning a 

protease-resistant form of IGFBP4. We anticipate that this 

molecule will inhibit the growth and spread of tumours by 

binding IGF1. 

Young, Leonie et al 
Molecular mechanisms of Survivin regulation in breast 
cancer, [CRI02YOU] 
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Harmey, Judith et al. 

binding protein 4 in breast 
;\l02HARi 

Keywords: Metastasis, angiogenesis. proliferation 

Cancer Type: Breast Cancer 

Research Type: Cancer Progression and Metastasis 

Discipline: Cell Biology 

Research Location: Royal College of Surgeons in Ireland, 

Dept Surgery, Education & Research Centre, Beaumont 
Hospital, Dublin 9 

The development of secondary tumours (metastasis) after 

successful treatment of a primary tumour is a serious 

obstacle to complete eradication of cancer. Secondary 
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Keywords: Breast cancer, survivin, myc 

Cancer Type: Breast Cancer 

Research Type: Cancer Related Biology 

Discipline: Molecular Biology 

Research Location: Dept of Surgery, Conway Institute 

Breast cancer is the most common cause of cancer deaths 

in Irish women. Certain biological factors are thought to 

be central to the development of tumour progression. One 

such factor termed 'survivin' has been the focus of this 

study. Our goal was to give new insight into how this 

important growth factor related protein is modulated in 

human breast cancer cells. This work identified a novel 

mechanism of regulation, which may lead to scientific 

developments towards targeting surivin and decreasing its 

oncogenic properties in breast cancer. 
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CANCER BIOLOGY Walsh, John et al 
Endothelium as a target in the design of novel inhibitors 
of tumour angiogenesis / vasculature, [CRI03WAL] 

Keywords: Tumour angiogenesis, Tubulin Inhibitors, 

Aminopeptidase N 

Cancer Type: Vascular System 

Research Type: Localized Therapies - Discovery and 

Development 

Discipline: Cell Biology 

Research Location: School of Pharmacy, Trinity College 

The aim of this project is to design novel agents to 

selectively target tumour angiogenesis/vasculature. The 

team is doing this by taking advantage of the subtle 

differences that lie between normal and tumour blood 

vessels. Tumour blood vessels, being essentially composed 

of endothelial cells, are usually leaky, with thin walled 

capillaries and devoid of smooth muscle. This research team 

will exploit these differences by synthesising molecules from 

a unique molecular model designed in their laboratory. 

Already representative compounds have been synthesised, 

with several of these showing excellent in vitro activity. 

However, there are still several sites within this design that 

are untouched and require considerable investigation. 

Throughout the course of this project the team will explore 

each site on their design and carry out detailed in vitro 

evaluation on the resultant compounds synthesised. It is 

expected that at the end of this project, the team will have 

identified the optimal structural requirements necessary for 

potent inhibition of tumour angiogenesis/vasculature and 

will have synthesised potent lead compounds for further 

detailed pre-clinical investigation. 

Spillane, Charles et al. 
Functional screen for miRNAs regui al 
tumor suppression in human cells, [CRI04SPI] 

Keywords: Epigenetics, cancer, microRNA, oncogenes, 

tumor suppressors 

Cancer Type: Not Site-Specific Cancer 

Research Type: Cancer Initiation: Oncogenes and Tumor 

Suppressor Genes 

Discipline: Molecular Biology 

Research Location: Biosciences Institute, Dept of 

Biochemistry, University College Cork, Ireland. 

This project investigates the link between cancer and a novel 

class of regulatory RNA molecules called microRNAs 
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microRNAs have recently been discovered to play important 

regulatory roles in the cell and developmental biology of 

organisms as diverse as mammals and plants. microRNAs 

typically act to downregulate downstream genes that are 

under their control, by acting at the post-transcriptional level 

to reduce RNA or protein levels. microRNAs can control both 

spatial (cell & tissue specific) and temporal (developmental 

stage) gene expression patterns essential to normal 

development. Such microRNAs are responsible for a 

hithertho unknown and extensive level of 'RNA-based' 

control of gene expression, cellular proliferation and 

organismal development. Some microRNAs acting as 

'epigenetic regulators' of gene expression are likely to be 

associated with a broad range of types of cancer in 

mammals. The association of microRNAs with cancer heralds 

an exciting and novel line of investigation which promises to 

identify the extent to which misregulation of such 

microRNAs or their targets are causal for certain types of 

cancer. We propose to screen all known miRNAs so far 

identified in the human genome (~ 200) for their potential 

to regulate oncogenesis or tumor suppression in tester 

mammalian cell lines. Any cancer-regulating miRNAs will be 

further analysed by real-time PCR analysis of the expression 

status of their downstream target genes in normal and 

cancerous cell lines. 

CANCER IMMUNOLOGY  

Atkins, Gregory et al. 
New strategies for tumour treatment using the Semliki 
virus vector, [CRI02ATKJ 

Keywords: Semliki Forest virus, viral vector, gene therapy, 

animal models, viral oncolysis 

Cancer Type: Not Site-Specific Cancer 

Research Type: Complementary and Alternative Treatment 

Approaches Discipline: 

Discipline: Molecular Biology 

Research Location: Department of Microbiology, Moyne 

Institute, Trinity College, 

Dublin 2 

involves using the normal intracellular replication 

strategies of the virus to artificially express therapeutic 

genes rather than those normally involved in virus 

replication. The virus is also engineered to undergo only 

one round of replication in an infected tumour cell, as a 

safety feature to prevent the development of a generalised 

infection. The SFV vector has attractive safety features for 

the transient gene therapy required for tumour treatment, 

such as lack of persistence in tissue, and an inherent ability 

to induce programmed cell death (apoptosis). In this 

project a number of strategies are being developed for 

treatment of rapidly growing tumours that have become 

resistant to radio- and chemotherapy. Several model 

tumours such as lung, colon, prostate, breast and skin 

cancer are being investigated using both cell culture and 

laboratory mice. The treatments include the use of the 

virus vector to directly induce programmed cell death, 

which can be enhanced by the expression of pro-apoptotic 

genes, and the induction of immune responses to the 

tumour cells by the expression of highly immunogenic viral 

proteins. We are also using immune modulators 

(cytokines) to increase the efficiency of anti-tumour 

immune responses. A major factor in the development of 

rapidly growing, terminal tumours is the development of a 

blood supply to the tumour (angiogenesis). This is also a 

major factor in the development of metastases. We are 

using the SFV vector to inhibit the process of tumour 

angiogenesis by the expression of anti-angiogenic 

cytokines. We hope that this will control both tumour 

growth and the development of metastases. This study is 

part of a wider programme that includes the development 

of new vectors and the first clinical application of such 

vectors for tumour therapy. We intend to eventually 

initiate clinical trials in collaboration with the Walton 

Centre in Liverpool, and with Regulon Inc., a Californian 

company which is setting up in Europe and which 

specialises in novel approaches to cancer gene therapy. 

Smith, Loraine et al. 
To elucidate the role of CD28 in cancer progression' 
[CRI02SMII 

A new development in the treatment of cancer has been 

the introduction of gene therapy, a technique that is 

designed to correct the defects in growth regulation and 

cell death in cancer cells by the introduction of new 

genetic information. We are using a new viral vector for 

cancer gene therapy, which is based on RNA rather than 

DNA. This vector is termed Semliki Forest virus (SFV) after 

the virus on which it is based. The vector treatment 

Keywords: Rhabdomyosarcoma, EphA3, tyrosine kinase 

receptors 

Cancer Type: Hodgkins Disease / Lymphoma, Sarcoma, 

Rhabdomyosarcoma, Childhood 

Research Type: Cancer Progression and Metastasis 

Discipline: Cell Biology Research 

Research Location: Department of Biochemistry, NUI, Cork 
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Rhabdomyosarcoma (RMS) is the most common soft-

tissue tumour of childhood. RMS occurs in muscle from 

where it can spread to other tissues by metastasis. Despite 

aggressive approaches incorporating surgery, dose-

intensive combination chemotherapy and radiation 

therapy the outcome for patients with metastatic disease 

remains poor. The mechanism for metastasis in RMS and 

other cancers is poorly understood. We have recently 

identified the aberrant expression of a cell surface protein 

in RMS that appears to promote tumour evolution and 

metastasis by regulating the expression of other genes. 

This study aims to identify additional key genes regulated 

by aberrant expression of cell surface proteins in 

neoplastic processes. This will provide an understanding of 

what drives the evolution and progression of tumour cells 

and will also enable identification of potential new 

therapeutic targets. Furthermore results from this study 

should provide diagnostic and prognostic markers for a 

childhood disease where such markers are limited. 

Toomey, Deirdre et al. 
Heat shock protein-based tumour vaccines: Potentiation 
of responses through priming, [CRI03TOO] 

Keywords: Immunotherapy 

Cancer Type: Melanoma 

Research Type: Systemic Therapies - Discovery and 

Development 

Discipline: Immunology 

Research Location: Trinity College Dublin 

me idea that immune responses exist against tumours was 

'irst proposed at the beginning of the 20th century, however 

it was not until some fifty years later that the research tools 

became available to definitively show that tumour tissue is 

distinct from 'self tissue and that immune cells can, with 

appropriate stimulation, destroy tumour cells. Research into 

the immunotherapy of cancer faltered again over the concept 
0 appropriate stimulation', however by the millennium, 

research into the regulation of immune responses by tumours 
a n d by t h e inappropriate stimulation of the immune system 
ltse'f. lead to the development of new therapies and some 20 

antibodies are now approved or in clinical trials for the 

reatment of cancer. It is now apparent that tumours escape 
lmmunological destruction through many of the pathways 

at exist during health to prevent the development of 

autoimmunity. It is the investigation and manipulation of 

36 Pathways that holds the promise of new therapeutic 

opportunities and is the main focus of our work. 

We are working on the tailored immunotherapy of 

tumours using tumour proteins, which we know to elicit a 

strong immune response in normal immune cells. We have 

identified that immune cells growing under the influence 

of tumours do not produce this response and are working 

on identifying and blocking the pathways involved. 

Although the model we are working on is melanoma, the 

results of our work are applicable to many different 

tumour types. 

CANCER TREATMENT  

O'Connor, Robert et al, 
Advanced applied analysis of cancer chemotherapeutic 
agents, [CRI03OCO] 

Keywords: Cancer chemotherapy, LC-MS, anthracyclines, 

taxanes, HPLC, Phase I clinical trial, treatment individualisation 

Cancer Type: Breast Cancer, Lung Cancer, Skin Cancer 

Research Type: Systemic Therapies - Discovery and 

Development 

Discipline: Pharmacology 

Research Location: The National Institute for Cellular 

Biotechnology, Dublin City University, Dublin 9. 

Advanced cancers are usually treated with combinations of 

chemotherapy drugs. Generation of the "right" 

concentrations of drug in a patient or their tumour has 

important implications for whether a treatment may work or 

fail or whether a patient may see strong side effects or not. 

This project therefore has a number of overlapping aims: 

1. Development of novel analytical methodologies for a 

selection of important chemotherapy drugs, their 

metabolites and "catch all" methods to measure 

mixtures of these drugs. 

2. Development of faster, more accurate & less laborious 

analysis schemes 

3. Use of these methods to answer fundamental 

questions regarding cellular movement of 

chemotherapy drugs and optimise strategies to 

increase drug uptake specifically in cancer cells. 

4. Accurate/sensitive measurement of blood levels in patients 

receiving chemotherapy, inc. making sampling less 

invasive by minimising the amount of sample needed. 
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5. Provision of training and skill development for a 

marriage of state of the art analytical techniques with 

clinical oncology practice. 

6. To kick start the development of a national translational 

resource allowing the accurate estimation of patient 

chemotherapy levels in support of clinical trials. 

O'Sullivan, Gerald et al. 
Enh anced anticancer dru g delivery via a combination of 
electrosensitisation and high frequency ultrasound, 
[CRI04OSU] 

Keywords: Electroporation, high frequency ultrasound, 

bleomycin 

Cancer Type: Not Site-Specific Cancer 

Research Type: Localized Therapies - Discovery and 

Development 

Discipline: Medical Oncology 

Research Location: Cork Cancer Research Centre, Mercy 

University Hospital and Biosciences Institute, UCC, Cork. 

This project concerns a novel method for enhanced 

delivery of anticancer chemotherapy to tumours. It 

combines the use of localised electric fields and high 

frequency ultrasound to enhance the cytotoxic effects of 

bleomycin on tumour cells. 

The project will involve in vitro optimisation of the 

parameters of both modalities for delivery of the drug, 

and validation and further refinement of the technique in 

the in vivo setting using tumours both of murine cell lines 

in immunocompetent mice and of human tumour cell 

lines in immunosuppressed mice. 

It is hoped that the treatment will ultimately be used in the 

clinical setting and also that the technique may be 

manipulated for investigation and use in electrogenetherapy. 

COLORECTAL CANCER 

Long, Aideen et al 
What is the leukocyte protein L-Plastin doing in colon 
cancer cells?, [CRI04LON] 

Keywords: L-plastin, E-cadherin, Integrin, Metastasis, 

Epithelium 

Cancer Type: Colon & Rectal Cancer 

Research Type: Cancer Progression and Metastasis 

Discipline:Cell Biology 

Research Location: Dept of Biochemistry, Royal College 

of Surgeons in Ireland 

Metastasis is when cancer cells move from the original 

tumour to other sites in the body. It is a major cause of death 

in colorectal cancer patients. The identification of changes 

which occur within the cell during the progression of 

colorectal carcinoma is crucial in understanding this process. 

L-plastin is normally only expressed in white blood cells 

but is induced in 68% of carcinomas. We have 

demonstrated a link between L-plastin expression and 

colon cancer metastasis. The aim of this project is to 

investigate the role of L-plastin in the development of 

metastasis using a cell line model of colonic epithelium. 

L-plastin will be expressed in this cell line, and its effect 

on parameters associated with metastasis, such as 

cellular movement, growth rates, and the ability of cells 

to invade into tissue will be analysed. The effect of L-

plastin over-expression on the tumour suppressor gene 

E-cadherin, a molecule which 'sticks' normal epithelial 

cells together, preventing detachment and metastasis, 

will also be measured. We will also mutate the L-plastin 

molecule to mimic its activated form and investigate 

the effect of mutated forms on colon cancer cells. 

These experiments will help elucidate the role of L-

plastin in transformed cells, and will further current 

knowledge of mechanisms of cancer progression. L-

plastin is already of use as a clinical marker of 

metastatic potential, and in the future may be the 

target of anti-metastatic therapies. 
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Mulcahy, Hugh et al. 
Protease profiling in early colorectal cancer and its 
association with chromosomal abnormalities, 
anatomical stage and clinical progression, 
[CRI03MUL] 

Keywords: Colorectal cancer 

Cancer Type: Colorectal Cancer 

Research Type: Cancer Progression and Metastasis 

Discipline: Molecular Biology 

Research Location: St. Vincent's University Hospital. 

Colorectal cancer (CRC) is the commonest internal 

malignancy in Irish adults. The process of CRC 

development, invasion and metastasis is characterised by 

the accumulation of chromosomal alterations and, at the 

tissue level, is facilitated by the stepwise production of 

protease molecules capable of breaking down barriers to 

spread and encouraging new blood vessel formation. 

However, little is known about how these distinct 

pathways interact. 

The aim of this project is to use immunohistochemical 

techniques and tissue microarray (TMA) technology to 

investigate the expression of a number of protease molecules 

in a large number of CRC cases, with a particular emphasis 

on early-stage disease. We will use array comparative 

genomic hybridisation (array CGH) to compare chromosomal 

instability patterns in a number of differently staged tumours 

and to identify novel markers of disease progression. Using 

the TMAs, we will then examine the expression of these 

genes at the protein level and correlate the results with our 

protease data as well as with specific anatomical and 

pathological variables. Finally, we will assess the functional 

significance of our experimental results by correlating them 

with the extensive clinical and outcome data already available 

to us on all patients. 

O'Sullivan, Jacintha et al. 
R°le of Telomeres & Telomerase in Colorectal Cancer 
Development, Progression & Metastasis" [CRI04OSUJ] 

eywords: Colorectal Cancer, telomeres, telomerase 
a n c e r TVPe: Colon & Rectal Cancer, Gastrointestinal Tract 

search Type: Cancer Progression and Metastasis 

Discipline: Cell Biology 

Search Location: St Vincent's University Hospital, Dublin 

urvival rates for Colorectal Cancer (CRC) improve with early 

tetf'on; therefore efforts are needed to provide an "early 

warning system" for such individuals. Normal cells can only 

divide a certain number of times and then stop proliferating 

(senesce). While many aspects of this pathway are not well 

understood, there is one clear player in the process, 

telomeres, structures that cap the ends of chromosomes. 

Cells stop dividing once telomeres shorten to a critical length. 

However, cancer cells evade or overcome this natural growth 

barrier through the presence of an enzyme called telomerase. 

Telomerase restores telomere lengths allowing the cancer 

cells to keep dividing and become immortal. Telomeres and 

telomerase are now being considered prognostic markers in 

malignancy. Telomerase is only expressed in cancer cells not in 

normal cells. Measurement of telomerase activity may have 

great potential in clinical diagnosis pre and post treatment. 

We propose to investigate the role of telomeres and 

telomerase in colorectal tumour development in tissues and 

primary cells grown from tumours. We hypothesise that 

telomerase inhibition will reduce cell proliferation and tumour 

cell growth and invasion. We will inhibit telomerase in our cell 

cultures with and without combinations treatments of 

chemotherapy drugs like 5-FU. These studies will be pertinent 

to the pathogenesis of CRC and will highlight the potential 

usage of telomerase as a marker in diagnosis and treatment 

of CRC patients 

O'Regan, Esther et al. 
Genome wide investigation of head and neck squamous 
cell carcinoma in young patients, [CRI02ORE1 

Keywords: Head and neck cancer, young, non-smokers 

Cancer Type: Head & Neck Cancer Oral Cavity & Lip Cancer 

Research Type: Cancer Initiation: Alterations in 

Chromosomes 

Discipline: Molecular Biology 

Research Location: Department of Histopathology, IMM, 

Trinity Centre for Health Sciences, St. James's Hospital, 

Dublin 8 

Head and neck cancer is the 6th most common cancer 

worldwide, usually affecting males of over 50 years and 

associated with tobacco and alcohol use. There are, 

however, increasing numbers of younger non-smokers, 

developing this disease. Many of these young patients are 

non-smokers and very often female. 

Our hypothesis is that there may be some other unknown 

factor causing head and neck cancer in these young non-

smokers. The aim of this project was to investigate the 

molecular profiles of young non-smokers with head and 

neck cancer and compare them to the molecular profiles of 
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the usual head and neck cancer patient (i.e. the over 50 year 

old male smoker). This may shed some light on the aetiology 

of head and neck cancer in these young non-smokers. 

LEUKAEMIA  

Lawler, Mark et al. 
Molecular epidemiology of myeloma - influence of DNA 
repair genes" [CRI03LAW] 

Keywords: Lymphoma, gene profiling, biomarkers of 

response 

Cancer Type: Myeloma 

Research Type: Etiology 

Discipline: Molecular Biology 

Research Location: Institute of Molecular Medicine, 

St James's Hospital 

A molecular genetic study has been initiated between the 

Institute of Molecular Medicine in St James's Hospital and 

Trinity College Dublin, the Department of Epidemiology and 

Public Health University College Dublin and a European 

Collaborative venture known as EPILYMPH (a Europe wide 

study to look at the epidemilogy of lymphoma and related 

disorders). This study focuses on defining genetic factors that 

may be implicated in the development of multiple myeloma 

(MM), a plasma cell malignancy. Research has concentrated 

on the DNA repair pathway in order to identify defects in 

DNA repair and genomic stability which may be implicated in 

this cancer. Recently this work has involved the development 

of a collaboration with the National cancer Institute in the US 

and high throughput techniques are being applied to identify 

potential disease causing genes. Identification of genetic 

susceptibility to MM may help in establishing new prognostic 

criteria for this disease. 

LUNG CANCER 

Armstrong, John et al. 

:regy to quantify and reduce geometric uncertainty 

to improve the therapeutic ratio for lung cancer", 

(CRI03ARMJ 

Keywords: Lung cancer, radiation, active breathing 

device, 3-DCRT 

Cancer Type: Lung cancer 

Research Type: Cancer treatment 

Discipline: Radiation Oncology 

Research Location: St Lukes Hospttal, Highfield rd. Rathgar 
1241 

The aim of this study is to investigate the effect of 

respiratory motion in Three Dimensional Conformal 

Radiotherapy (3-DCRT) of Non-Small Cell Lung Cancer 

(NSCLC). It has been documented that lung motion due to 

respiration is the main cause of uncertainty in the 

geographic location of the tumour during radiation 

treatment. In order to account for this, conventional 3-

DCRT techniques add a margin of 1.5-2.0cm to ensure 

adequate coverage of the tumour throughout treatment. It 

is postulated in this study that the immobilisation of 

respiratory motion can permit a significant reduction in the 

required margins. This will allow a higher dose to be 

delivered locally to tumour with the goal of increased local 

control and reduced side effects to healthy normal tissue. 

The Active Breathing Control (ABC) unit is a commercially 

available device that allows for temporary and reproducible 

monitoring of the patient's breathing cycle and 

immobilisation of internal thoracic structures by 

implementing a breath hold at a predefined lung volume 

level. With ABC, radiotherapy is planned and delivered at 

identical phases of the respiratory cycle, when the tumour 

is in a known location, with minimal margins to account for 

reduced breathing and thus lung tumour motion. In 

addition, ABC reduces motion artefacts in the planning CT 

scan and the improvements in image quality will enable the 

radiotherapist to more accurately define a radiation target 

volume with significantly reduced margins. 

LYMPHOMA  

Walls, Dermot 
Bfl-1/A1 expression and potential role in Hodgkin's 
Disease and Post-Transplant Lymphoproliferative 
Disease, [CRI02WAL] 

Keywords: Hodgkins Lymphoma, Post-transplant 

Lymphoproliferative disease, Epstein-Barr virus, apoptosis 

Cancer Type: Hodgkins Disease / Lymphoma 

Research Type: Cancer Initiation: Oncogenes and Tumor 

Suppressor Genes 

Discipline: Molecular Biology 

Research Location: School of Biotechnology and 

National Centre for Sensor Research, Faculty of Science 

and Health, Dublin City University, Glasnevin, Dublin 9 

This study aimed to determine why the malignant cells of 

two types of lymphoma, namely Hodgkin's Lymphoma 

(HL) and Post Transplant Lymphoproliferative Disease 

(PTLD), grow uncontrollably and do not die as easily as 

normal cells of their type. These cancers are linked with 
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a common human herpesvirus called Epstein-Barr virus. 

Almost all human adults are naturally infected with this 

virus, and carry it for life with no apparent clinical 

consequences. Its lifecycle involves infecting a B cell (the 

body's antibody producing cells), stimulating the cell to 

multiply uncontrollably, and then to almost completely 

switch itself off leaving a silent infection which lasts for 

the lifetime of the individual. Occasionally, the virus is 

found in the malignant cells of certain cancers however. 

These include HL (50% of all tumours are virus-positive), 

PTLD (100% virus positive) and African Burkitt's 

Lymphoma (BL, 95% virus-positive). There are important 

factors, many as yet unknown, that trigger these cells to 

replicate out of control, sometimes avoiding destruction 

by the immune system of a healthy body. In the case of 

PTLD, a weakened immune response after having 

received an organ transplant does mean that the silently 

infected cell can grow unchecked. In the case of HL, it is 

clear that in those EBV-positive cases, the virus is only to 

be found in the malignant cells of this complex tumour.. 

We set out to examine the involvement of one cell gene, 

called bfl-1 in the process of keeping these tumour cells 

alive. We had already observed in BL, that EBV can force 

the cell to turn on this gene, the consequences being 

that the cell is more robust and does not respond easily 

to signals that tell it to commit suicide. We reasoned that 

this gene, or the various molecules that keep it active, 

might be useful targets for inhibiting these cells from 

growing out of control or for making them more 

sensitive to chemotherapy. We first confirmed that bfM 

was active in relevant tumour cells. We did not succeed 

in making an antibody against Bf11 protein, which would 

have made experimentation easier, however we 

successfully developed other methods to look for 

evidence of bfl-1 gene activity. Given the very small 

quantities of tumour material available, we also verified 

that the gene was also expressed when we grew these 

cells in a culture flask in the laboratory. We went on to 

discover two different routes, or biochemical pathways, 

that EBV uses to activate the bfH gene. We found that 

only one of these pathways is active in HL whereas both 
a r e a c t i ve together in PTLD cells. We designed small 

molecules that can lower the activity of bf 11, and showed 

t at they can work efficiently at this, and we are now 
us|ng these to gain evidence on the importance of this 

gene in determining the growth and robustness of PTLD 

cells and malignant HL cells. This work will enable us to 

Lawler, Mark et al. 
Understanding molecular influences on disease 
classification and response to therapy in haematological 
malignancy, [CRI04LAW] 

Keywords: Lymphoma, gene profiling, biomarkers of 

response 

Cancer Type: Blood Cancer 

Research Type: Technology Development and/or Marker 

Discovery 

Discipline: Molecular Biology 

Research Location: Institute of Molecular Medicine, 

St James's Hospital 

This project aims to identify key genes that are involved in 

the development of a particular form of lymphoma known 

as Mycosis Fungoides (MF). It will use an approach that 

allows a molecular snapshot of the cell, analysisng 

thousands of genes that may contribute to the 

development of the disease. We aim to identify a small 

number of genes which provide a signature for this 

disease and this will help in the diagnosis of lymphoma. In 

addition we aim to identify those patients who may 

respond or be resistant to the therapy of choice in this 

disease which is using a drug called interferon alpha. This 

study will provide new information and potential 

biomarkers for diagnosis and assessment of treatment 

response in lymphoma. 

MYELOMA 

rmme if interfering with the activity of this gene 
dete 

rs a potential means or aid to specifically destroy the 
mal,9nant cells of these cancers. 

Lawler, Mark et al. 
Molecular epidemiology of myeloma - influence of DNA 

repair genes, [CRI03LAWJ 

Keywords: Lymphoma, gene profiling, biomarkers of 

response 

Cancer Type: Myeloma 

Research Type: Etiology 

Discipline: Molecular Biology 

Research Location: Institute of Molecular Medicine, 

St James's Hospital 

A molecular genetic study has been initiated between 

the Institute of Molecular Medicine in St James's Hospital 

and Trinity College Dublin, the Department of 

Epidemiology and Public Health University College 

Dublin and a European Collaborative venture known as 

EPILYMPH (a Europe wide study to look at the 

epidemilogy of lymphoma and related disorders). This 
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study focuses on defining genetic factors that may be 

implicated in the development of multiple myeloma 

(MM), a plasma cell malignancy. Research has 

concentrated on the DNA repair pathway in order to 

identify defects in DNA repair and genomic stability 

which may be implicated in this cancer. Recently this 

work has involved the development of a collaboration 

with the National cancer Institute in the US and high 

throughput techniques are being applied to identify 

potential disease causing genes. Identification of genetic 

susceptibility to MM may help in establishing new 

prognostic criteria for this disease. 

OESOPHAGEAL CANCER 

O'Sullivan, Gerald et al. 
Induction of chemosensitivity in oesophageal tumours 
through addition of biochemical's, [CRI02OSU] 

Keywords: Oesophageal Cancer Gap junctions 

Connexin43 

Cancer Type: Oesophageal Cancer 

Research Type: Cancer Related Biology 
Discipline: Molecular Biology 

Research Location: Cork Cancer Research Centre, UCC. 

The benefits of currently employed chemotherapy drugs 

for treatment of oesophageal cancer are limited by the 

development of tumour cells with a multidrug resistance 

phenotype. It has previously been demonstrated that 

chemoresistance is associated with the lack of gap 

junctions in tumour cells. It has been suggested that the 

formation of gap junctions can be induced or upregulated 

in tumour cells through exposure to biochemicals such as 

cyclic AMP (c-AMP), retinoids, carotenoids and that in turn 

this can induce chemosensitivity in tumour cells. Thus the 

use of biochemicals (to induce gap junction formation and 

chemosensitivity) in combination with chemotherapy may 

tmprove the efficacy of current anti-cancer treatments. 

Seven established oesophageal cancer cell lines, in 

addition to two established renal cancer cell lines are been 

employed in the current study. A technique to detect 

functional gap junctional communication has been 

optimised and used to assess GJIC in these cell lines. 

Optimum concentrations of biochemicals were optimised 

for individual cancer cell lines. Cancer cell lines were 

treated with the previously mentioned db-cAMP and 

ATRA, in addition to the protein kinase inhibitor, 

GF109203X. It was found that treatment of 5 cancer cell 
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lines with db-cAMP and ATRA did not induce GJIC in cell 

lines that we found were negative for GJIC. Also, 

treatment of cancer cells that do display GJIC with these 

biochemicals did not upregulate GJIC in the squamaous 

oesophageal cancer cell line OC1, which displays 

functional GJIC. 

Gap junctions are composed of connexons, which are 

formed by the assembly of connexin proteins. 

Approximately 20 connexin proetins have been identified 

to date and are named according to molecular weight. 

Cx43 is a widely expressed connexin. The expression of 

connexin 43 mRNA was investigated quantitatively, in the 

nice cancer cell lines, using real time PCR. The effects of 

overexpression of Cx43 have been investigated using 

transfections. Overexpression of Cx43 in the renal cancer 

cell line 786-0 did not induce GJIC. Currently transient 

transfections of the eight additional cancer cell lines in our 

panel are employed, prior to assessment of functional 

GJIC and also to establish localization of the Cx43 plasmid 

post transfection. 

Reynolds, John et al. 
Analysis of Vitamin C in the chemoprevention of 
oesophageal adenocarcinoma and as a modulator of 
sensitivity to chemotherapy and radiation therapy, 
[CRI03REY] 

Keywords: Vitamin C, NF-kB, inflammation, Barrett's 

oesophagus 

Cancer Type: Oesophageal Cancer 

Research Type: Chemoprevention 

Discipline: Molecular Biology 

Research Location: Department of Surgery, St. James's 
Hospital, Dublin 8 

Gastro-oesophageal reflux is a significant public health 

problem, with approximately one in ten of the adult 

population suffering symptomatic heartburn at least 

monthly. Reflux is associated with the Western diet, 

lifestyle and obesity, and the multitude of medical 

remedies support a multi-billion dollar pharmaceutical 

industry. Acid and bile reflux can result can result in a 

change in the lining of the oesophagus to what is called 

Barrett's oesophagus. The importance of reflux-induced 

Barrett's oesophagus relates to its association with cancer 

of the oesophagus and cancer of the junction between 

the oesophagus and stomach. In the Republic of Ireland 

the rate of cancer of the oesophagus in both men and 

women is well above the European Union average. 
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At presentation oesophageal adenocarcinoma confers a 

poor prognosis, but recent trials suggest that giving 

chemotherapy and radiation therapy prior to surgery may 

improve the outlook. The focus of this group's research 

which is supported by the Irish Cancer Society is two-fold : 

• to explore understanding at the cell or molecular level 

of how Barrett's oesophagus and cancer develops from 

bile and acid reflux, and to modulate this pathway 

• to improve understanding of why some patients with 

oesophageal cancer respond well to chemotherapy and 

radiation therapy, and others respond poorly or not at all. 

Some of the work in the Institute of Molecular Medicine 

laboratory to date suggests that Vitamin C can inhibit 

cancer development in response to acid and bile, and that 

the sensitivity of oesophageal cancer to chemotherapy is 

increased by Vitamin C. 

randomised trial is ongoing. We believe this approach is 

promising because radiation activates the EGFR and its 

downstream signalling which may protect the cancer cells. 

Laboratory studies show that counteracting EGFR function 

could lead to increased death of cancer cells exposed to 

radiation. Furthermore, the EGFR antagonist can enhance 

sensitivity of laboratory prostate cancers to hormonal therapy. 

The hypothesis of this phase II randomized trial is that adding 

the EGFR antagonist to combined hormonal and radiation 

therapy can reduce the risk of PSA-detected relapse. The trial 

will accrue 98 patients (49 each arm) and we chose a 

randomized phase II design to ensure comparable patients in 

the control arm to avoid the error of overestimating benefit 

and most importantly to ensure that the new drug does not 

lead to excessive toxicity when combined with prostatic 

radiation (no published experience world-wide). This trial 

may lead to an international phase III trial. 

PROSTATE CANCER 
The proposed translational research links laboratory research 

with a clinical trial. The hypothesis of the proposed research 

is that proteomic analysis of sequential serum and urine 

samples will demonstrate changes in profiles that may be 

altered by the use of the concurrent EGFR antagonist. This 

protein expression data may facilitate analysis of this clinical 

trial to which major resources have been committed. 

Meticulous control and documentation of clinical variables 

will support the development of hypotheses about the 

molecular mechanism of action of EGFR antagonists in this 

clinical context. The collection of the samples will provide 

novel data. Identification of unique profiles of protein 

expression may allow better understanding of the factors 

predicting either relapse or toxicity. 

Hollywood, Donal; Lawler, Mark; Watson, William 
Development of new diagnostic, prognostic and 
therapeutic agents in prostate cancer,[PCI03HOLj 

Keywords: Prostate Cancer, Tissue Bank, Methylation, 

Apoptosis 

Cancer Type: Prostate Cancer 

Research Type: Cancer Progression and Metastasis 

Discipline: Cell Biology 

Research Location: St James Hospital, Trinity College 

Dublin, NUI, Dublin 

This proposal aims to establish the first Irish multi-

institutional, inter-disciplinary consortium in prostate 

cancer research, through the creation of the Prostate 

Cancer Research Consortium (PCRC). This involves unique 

M 
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collaborations between a number of specific areas under 

the Dublin Molecular Medicine Centre (DMMC) and as 

active collaboration with the National Cancer Institute 

(NCI), USA. The proposal aims to build on existing 

collaborations in prostate cancer research between a 

number of the principal investigators and extend this 

collaboration to other groups. This key expertise in 

prostate cancer research as indicated by the publication 

list and peer-reviewed grants will be complimented by 

expertise in molecular pathology, genomics, proteomics 

and novel drug design. The consortium will enable the 

collection of high guality tumour samples and the study of 

complex molecular and genetic aspects of prostate cancer 

in the Irish male population, ultimately aimed at 

developing novel diagnostic and therapeutic approaches 

for prostate cancer. 

The study objectives are: 

1. Establishment of a prostate cancer tumour bank and 

evaluation of patient's attitudes to tumour banking and 

profiling. 

2. Examination of novel biomarkers in early detection and 

prognosis of prostate cancer. 

3. Molecular classification of disease stage and disease 

progression phenotypes. 

4. Evaluation of targeted therapy in pre-clinical studies 

O'Donovan, Anita et al. 
Impact of an educational support group for patients 
with prostate cancer, [PCI030DO] 

Keywords: Prostate cancer, psychological support, 

support groups 

Cancer Type: Prostate cancer 

Research Type: Cancer treatment 

Discipline: Psychology 

Research Location: St. Luke's Hospital, Highfield rd. Rathgar 

The objectives of this study are: 

1 To assess the impact of an educational support group 

on prostate cancer patients and their significant others. 

2 To propose the continuation of this group in Saint 

Luke's Hospital, if a perceived benefit is found, open to 

all prostate cancer patients and their significant others. 

Patient accrual commenced in April 2004. In this study, 

consenting patients and their significant others will be 

randomised to attend or not an educational support 

group. Once three patients have been randomised to the 

educational support group arm of the trial, the 
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educational support group meetings will commence. The 

educational support group will be facilitated by Radiation 

Therapists, Social Workers and Nurses. Arrangements 

have been made with the multidisciplinary speakers who 

will provide the educational component of the meeting. 

These speakers will give presentations on: 

Diet 

Physiotherapy 

Pastoral Needs 

Hormone Treatment 

Radiotherapy 

Sexuality 

Coping skills 

Fatigue 

Trial participants are required to fill out research questionnaires 

(The EORTC Quality of Life and HADS questionnaires, as well 

as the Piper Fatigue scale) at predefined stages. 

Preliminary and final results will be presented at an 

international level. 

O'Kennedy, Richard et al 
Novel approaches to generate improved methods for 
the detection of prostate cancer, [PCI03OKE] 

Keywords: Antibodies, immunoassay, single chain 

variable fragment, prostate specific antigen (PSA) 

Cancer Type: Prostate Cancer 

Research Type: Technology and/or Marker Testing 

Discipline: Biochemistry 

Research Location: School of Biotechnology, Dublin City 

University, 

The overall aim of this project is the generation of a highly 

sensitive ELISA and a low density antibody chip array to 

specifically detect all forms of PSA, binding levels for PSA 

and other prostate cancer-related markers. These assays 

will be validated using certified patient samples with 

known diagnosis of prostate cancer. 

In order to develop such assays, antibodies specific for 

markers of disease must generated and fully characterised. 

This involves the construction of libraries of specific scFv 

anti-PSA antibodies and selection of antibody sub groups 

that specifically recognise free and bound forms of PSA. 

Surface plasmon resonance (SPR)-based approaches will be 

used to study the binding kinetics of PSA with these 

antibodies and to map the binding domains. 
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Thiron, Pierre et al. 
Predicting normal tissue toxicity in prostate cancer 
following 3D Conformal radiation therapy. A novel 
approach to the delineation of organs at risk and the 
use of individualised predictive indicators, [PCI03THI] 

Keywords: Prostate cancer, radiotherapy, toxicity, 

predictive factors 

Cancer Type: Prostate Cancer 

Research Type: Localized Therapies - Clinical Applications 

Discipline: Radiation Oncology Research 

Research Location: Clinical Trials Unit, St Luke's Hospital 

This research project consists of the retrospective analysis of 

250 patients treated with high-dose 3-DCRT radiotherapy (70 

Gy/35 Fractions), in St Luke's Hospital, Dublin. New critical 

organ delineation techniques, new technical parameters (e.g. 

new dose thresholds), and new dosimetric evaluation 

methods, using recently developed biological models (Normal 

Tissues Complication Probability methods), will be tested. 

Based on individual patient radiation treatment plan and the 

long-term outcome, these new technical parameters will be 

evaluated as individual predictive factors for the development 

of treatment-related side-effects. 

laboratory have identified the Inhibitor of Apoptosis (IAP) 

proteins to be over expressed in prostate cancer. 

Hypothesis: We hypothesize that silencing the IAP family 

of genes will reverse the anti-apoptotic phenotype of 

prostate cancer cells and thus respond to apoptotic 

induction by established therapies, which will represent a 

novel treatment strategy for prostate cancer. 

Aims: 

1. Design and test RNAi directed to the IAP family of anti-

apoptotic proteins in in-vitro and ex-vivo models of 

prostate cancer. 

2. Determine the effects of pre-treatment IAP siRNAs on 

the apoptotic phenotype of prostate cancer cells and 

their susceptibility to apoptotic stimuli. 

PSYCHO-ONCOLOGY  

Cassidy, Eugene et al. 
Distress Management - The key to a comprehensive 
Psycho-Oncology service at Cork University Hospital 
Cancer Centre, [PSY04CAS] 

Keywords: Distress depression mental health screening 

Cancer Type: All cancers 

Research Type: Patient Care and Survivorship Issues 

Discipline: Service Delivery 

Research Location: University College Dublin 

A new 'Distress management' service at Cork University 

Hospital (CUH) Cancer Centre 

'Distress' is an unpleasant experience of an emotional, 

psychological, social or spiritual nature that interferes with 

a person's ability to cope with cancer and its treatment. 

Distress varies in severity from normal feelings of sadness 

and fear to abnormal states of, for example, persistent 

anxiety and depression. All patients with cancer deal with 

issues that cause some level of distress at some stage and 

many patients have significant distress. 

In Cork, until recently, the psychosocial support and care 

of patients with cancer has (family and friends apart) been 

provided largely by oncology medical and nursing staff 

along with clinical support services. This is unfortunate as 

these staff resources are already overburdened by other 

duties and thus may not always detect distress in their 

patients. The consequences of distress are significant. 

Cancer patients who are distressed are less likely to adhere to 
1291 
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treatment, have longer hospital stays and poorer quality of 

life. Those with severe distress may develop mental disorders 

that carry a significant morbidity in their own right. 

We believe that recognition and management of distress 

should be an integral part of comprehensive cancer care. 

For this reason, we aim to provide a new 'distress 

management' service for patients attending Cork 

University Hospital (CUH) Cancer Centre. CUH is the largest 

hospital and the central hub of cancer care within the 

Southern Health Board region in the Southern region. The 

availability on-site at CUH, of specialists and treatments in 

all modalities of cancer care as well as a dedicated Liaison 

Psychiatry service provides an ideal opportunity to develop 

an integrated multidisciplinary psycho-oncology service. 

The new service will be overseen by a multidisciplinary 

working group led by Dr Eugene Cassidy, Consultant Liaison 

Psychiatrist at CUH and will be delivered by specialist nursing 

and other new staff. Initial tasks of the service will be to 

establish an educational programme for front line oncology 

staff in CUH to improve, knowledge about and detection of 

distress. In addition a system of reliable screening for distress 

in cancer patients will be developed along with pathways of 

care for patients according to the level and nature of their 

distress. A key aspect of the new service will be collaboration 

and interface with the voluntary sector including Cork ARC 

Support House and The Irish Cancer Society. 

Keywords: Family support. Evaluation 

Cancer Type: Children's cancers 

Research Type: Complementary and Alternative 

Treatment Approaches 

Discipline: Psychology 

Research Location: University College Dublin 

The general aim of the present study is to consider the 

impact of Barretstown's family camp programmes on 

families with a child diagnosed with cancer. 

More specifically, there are three aims in the present study: 

• To examine the influence of attending a therapeutic 

recreation family programmes on families effected by 

childhood cancer 

• To evaluate Barretstown's family programme from 
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families' perspectives and develop the programme 

appropriately 

To provide insight into the impact serious childhood 

illness has on the family 

McCann, Shaun et al. 
Open Windows: The provision of audio-visual images to 
reduce isolation in patients undergoing treatment for 
haematological malignancies,[PSY04MCC] 

Keywords: Isolation, quality of life, communication, 

psycho-oncology 

Cancer Type: Bone marrow transplantation 

Research Type: Patient Care and Survivorship Issues 

Discipline: Psycho-oncology 

Research Location: St. James's hospital 

• To explore the experiences of patients in isolation whilst 

undergoing treatment for haematological 

malignancies. 

• To compare the experiences of those patients in rooms 

with 'open window' technology and those without. 

• To compare levels of anxiety/depression and Quality of 

Life indices between those patients in rooms with 

'open window' technology and those without. 

• To test the null hypothesis - The provision of audio 

visual images of art/nature through a 'virtual window' 

does not have any effect on a person's sense of 

isolation and general satisfaction with life throughout 

the period of isolation required while undergoing 

treatment for haematological malignancies. 

Scott, Anne et al. 
A Continuous Professional Development Framework for 
Professionals and Volunteers Working with People 
Affected by Cancer, [PSY04SCO] 

Keywords: Psycho-oncology, Education, Health care 

professionals, Volunteers 

Cancer Type: All cancers 

Research Type: Education and Communication 

Discipline: Psychology 

Research Location: School of Nursing, Dublin City University 

People with cancer and their families have an identified 

need for assistance with psychosocial adjustment, that is, 

learning to adjust to the social, emotional and 

psychological issues that may arise as a result of the illness. 

People working in the area of cancer in acute, chronic and 
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palliative settings are well positioned to respond to these 

needs but often have received inadequate preparation to 

support them in this role. Training and education 

programmes have traditionally under-emphasised formal 

psychosocial skills development. The aim of the project is 

to support professionals and volunteers working in the 

area to address the psychosocial needs of people with 

cancer and their families. This aim will be achieved by 

developing and delivering a framework of skills-based 

continuous professional development modules related to 

psychosocial care, along a continuum from people who 

are at risk of cancer to people who are terminally ill, and 

family members who are bereaved. Target groups include 

a range of health professionals working in primary health 

care, community and institutional settings, as well as 

volunteers who contribute to care. 

SKIN CANCER 

Carty, Michael et al. 
Analysis of RAD30 mutations 
[CRI02CAR] 

in skin tumours' 

Building our basic research in the DNA Damage 

Response Group at the Department of Biochemistry, NUI, 

Galway, in collaboration with the Department of Plastic, 

Reconstructive and Hand Surgery at University College 

Hospital, Galway, we will use the latest techniques in 

genetics and molecular biology to screen human DNA, 

isolated from skin tumour tissue, for mutations in a gene 

called RAD30. This gene is known to be involved in the 

development of skin cancer, since individuals who inherit 

mutations in both copies of RAD30 are extremely skin 

cancer prone. In our research project funded by Cancer 

Research Ireland, we will determine whether (i) 

mutations or (ii) alterations in gene expression occur in 

the RAD30 gene in skin tumours from cancer patients in 

the west of Ireland. 

Given the importance of RAD30 in skin cancer development, 

knowledge gained in this project about the RAD30 status of 

an individual tumour may be important in predicting 

subsequent tumour progression, and this information about 

the tumour may, in the longer term, lead to the development 

of improved, more targeted, therapies. 

Carty, Michael et al. 
The role of human RAD30 in the cellular response to 
chemotherapeutic agents, [CRI03CAR] 

Keywords: Cisplatin, toxicity, DNA polyerase eta, 

mitomycin C, DNA replication 

Cancer Type: Skin Cancer 

Research Type: Cell Biology 

Research Location: Biochemistry, National University of 

Ireland, Galway 

Chemotherapeutic agents such as cisplatin are commonly 

used in treatment of cancer. These agents act by causing 

damage to the genetic material DNA in tumour cells, leading 

to cell death. However the exact molecular processes that 

influence how a tumour cell responds to the drug is not well 

understood. New advances in molecular and cellular biology 

are important in improving this understanding. The aim of 

the present project is to determine whether one particular 

gene in cells the RAD30 gene is important in the response of 

cells to cisplatin and mitomycin C. There is evidence that the 

protein encoded by this gene, polymerase eta, may be 

involved in DNA replication following cisplatin treatment. 

We will use specific human cell lines in the laboratory to 

determine whether cells that lack the rAD30 gene are more 

sensitive to killing by cisplatin, and we will investigate the 

molecular basis of this effect. 
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Easty David et al. 
Protein tyrosine phosphatases in human melanoma 
genesis, a functional study using genetic suppressor 
elements." [CRI02EAS] 

Keywords: Melanoma ptp melanocyte gse 

Cancer Type: Melanoma 

Research Type: Cancer Initiation: Oncogenes and Tumor 

Suppressor Genes 

Discipline: Biochemistry 

Research Location: Conway Institute, NUI, Dublin 

Melanoma is a cancer of pigmented skin cells that is 

associated with exposure to sunlight in children. Although it 

is possible to treat early melanomas by surgery with a high 

rate of success, late stage melanoma is more of a problem. 

Although there have been few advances in treatments that 

affect survival there have been important advances in 

palliative medicine. Melanoma progression involves changes 

in genes. The growth of cells within our body is controlled by 

signal pathways. It is thought that growth pathways in 

melanoma cells are abnormal and that this is due to changes 

in genes. We are concerned with two gene families: the PTK 

and the PTP genes. These gene have opposite functions, one 

adds a phosphate the other removes it. The PTKs cause 

cancer, so, we think that the PTPs will stop cancer. To test this 

idea we are making inhibitors of PTP genes. We expect that 

this will make normal cells into melanoma cells. If this is true 

then melanoma cells would become cancerous by loosing 

PTPs and some of our work seems to show this. The reason 

this idea is interesting is that re-expression of these PTP 

genes would stop melanoma cells from growing and might 

be a new therapeutic approach. 

STOMACH CANCER 

Doran, Peter et al. 
Deciphering the common promoters of upper 
gastrointestinal cancers" [CRI03DOR] 

Keywords: Gene expression, upper Gl cancer 

Cancer Type: Oesophageal Cancer Stomach Cancer 

Research Type: Interactions of Genes and/or Genetic 

Polymorphisms with Exogenous and/or Endogenous 

Factors 

Discipline: Genetics 

Research Location: University College Dublin Mater 

Misericordiae University Hospital 

The activities of all the cells in our bodies are controlled by 

the 'turning on and off' of our genes. Every cell in our 

body contains about 30,000 genes, that can define 

whether a cell will become hair, muscle, or any other 

tissue in the body. The expression of genes ensures that 

cells have the machinery to deal with everyday events and 

ensure our health and well being. 

However perturbations in gene expression levels in a cell 

may lead to the initiation and progression of a disease 

process, such as oesophageal cancer. To enable us to 

understand the disease process and devise new 

treatments we need to understand what is happening to 

the genes in cells affected by cancer. In this project we will 

employ cutting edge technologies to determine what 

genes are turned on and off in oesophageal cancers. 

By so doing we will identify groups of genes that are 

characteristic of the cancer, which may lead to us being 

able to diagnose the disease at a molecular level before it 

is clinically apparent. 

Further genes identified may be subserving the disease 

process. The genes identified in this manner may provide 

attractive targets for novel therapies in our efforts to cure 

this disease. 
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BLADDER 

• Dr Amanda McCann 

E-cadherin promoter methylation status and c-

MET/HGF expression levels in transitional cell carcinoma 

of the bladder I Pg 116 

• Dr Amanda McCann 

Epithelial Mesenchymal Transition (EMT) markers as 

predictors of recurrence in transitional cell carcinoma 

(TCC) of the bladder I Pg 116 

BREAST 

• Dr William Gallagher 

Functional genomics of breast cancer: A focus on metastasis 

I Pg 34 I Pg 118 

• Dr Judith Harmey 

Insulin-like growth factor binding protein 4 in breast 

cancer and metastasis Pg 29 I Pg 118 

• Dr Leonie Young 

Molecular mechanisms of Survivin regulation in breast 

cancer Pg 44 I Pg 118 

• Professor Michael Duffy 

Mammaglobin as a marker for breast cancer I Pg 117 

• Professor Peter Dervan 

Genetic Determinants of Progression of DCIS to 

Invasive Breast Cancer I Pg 117 

CANCER BIOLOGY 

• Dr Karen England 

Reactive oxygen species in apoptosis I Pg 1 

• Dr John Walsh 

Endothelium as a target in the design of novel 

inhibitors of tumour angiogenesis / vasculature 

I Pg 119 

• Dr Charles Spillane 

Functional screen for miRNAs regulating oncogenesis 

or tumor suppression in human cells I Pg 1 

CANCER IMMUNOLOGY 

• Professor Gregory Atkins 

New strategies for tumour treatment using the Semliki 

virus vector Pg 53 I Pg 120 

• Dr Loraine Smith 

To elucidate the role of CD28 in cancer progression 

I Pg 75 I Pg 120 

• Dr Deirdre Toomey 

Heat shock protein-based tumour vaccines: 

Potentiation of responses through priming I Pg 121 

CANCER TREATMENT 

• Dr Robert O'Connor 

Advanced applied analysis of cancer chemotherapeutic 

agents I Pg 121 

• Professor Gerald O'Sullivan 

Enhanced anticancer drug delivery via a combination of 

electrosensitisation and high frequency ultrasound 

I Pg 91 I Pg 122 

COLORECTAL 

• Dr Hugh Mulcahy 

Protease profiling in early colorectal cancer and its 

association with chromosomal abnormalities, 

anatomical stage and clinical progression I Pg 123 

• Dr Aideen Long 

What is the leukocyte protein L-Plastin doing in colon 

cancer cells? I Pg 122 

• Dr Jacintha O'Sullivan 
Role of Telomeres & Telomerase in Colorectal Cancer 

Development, Progression & Metastasis 

HEAD & NECK 

• Dr Esther O'Regan 
Genome wide investigation of head and neck 

squamous cell carcinoma in young patients 

I Pg 
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LEUKAEMIA 

• Professor Mark Lawler 

Investigation of beta-galactoside binding protein as an 

anti-leukaemic agent I Pg 65 I Pg 124 

LUNG 

• Professor John Armstrong 

A strategy to quantify and reduce geometric 

uncertainty to improve the therapeutic ratio for lung 

cancer I Pg 71 I Pg 124 

LYMPHOMA 

• Dr Dermot Walls 

Bfl-1/A1 expression and potential role in Hodgkin's 

Disease and Post-Transplant Lymphoproliferative 

Disease Pg 81 I Pg 124 

• Professor Mark Lawler 

Understanding molecular influences on disease 

classification and response to therapy in 

haematological malignancy i Pg 125 

Professor John Armstrong 

Proteomic analysis of the impact of an EGFR antagonist 

on the combined hormonal therapy and radiation 

therapy of high risk localized prostate cancer I Pg 127 

Professor Donal Hollywood 

Development of new diagnostic, prognostic and 

therapeutic agents in prostate cancer I Pg 127 

Ms Anita O'Donovan 

Impact of an educational support group I Pg 12? 

Professor Richard O'Kennedy 

Novel approaches to generate improved methods for 

the detection of prostate cancer I Pg 128 

Professor Pierre Thirrion 

Predicting normal tissue toxicity in prostate cancer 

following 3D Conformal radiation therapy. A novel 

approach to the delineation of organs at risk and the 

use of individualised predictive indicators 

I Pg 99 I Pg 129 

MYELOMA 

• Professor Mark Lawler 

Molecular epidemiology of myeloma - influence of 

DNA repair genes • Pg 125 

PSYCHO-ONOLOGY 

• Dr Eugene Cassidy 

Distress Management - The key to a comprehensive 

Psycho-Oncology service at Cork University Hospital 

Cancer Centre I Pg 129 

OESOPHAGEAL 

• Professor Gerald O'Sullivan 

Induction of chemosensitivity in oesophageal tumours 

through addition of biochemical's 

• Professor John Reynolds - CRI 2003 

Analysis of Vitamin C in the chemoprevention of 

oesophageal adenocarcinoma and as a modulator of 

sensitivity to chemotherapy and radiation therapy 

PROSTATE 

• Dr William Watson 

Altering the anti-apoptopic phenotype of prostate 

cancer cells by RNA interface 

Dr Suzanne Guerin 

Evaluating the effectiveness of a therapeutic recreation 

family programme in reducing the psychosocial impact 

of childhood cancer I Pg 130 

Professor Shaun McCann 

Open Windows: The provision of audio-visual images 

to reduce isolation in patients undergoing treatment 

for haematological malignancies I Pg 13C 

Professor Anne Scott 

A Continuous Professional Development Framework 

for Professionals and Volunteers Working with People 

Affected by Cancer Pg 130 
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• Dr Michael Carty 

Analysis of RAD30 mutations in skin tumours 
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• Dr David Easty 

Protein tyrosine phosphatases in human melanoma 
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elements. I Pg 111 I Pg 132 

• Dr Michael Carty 

The role of human RAD30 in the cellular response to 

chemotherapeutic agents I Pg 103 I Pg 131 
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Deciphering the common promoters of upper 

gastrointestinal cancers I Pg 132 
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How You Can Help 
If you wish to make a donat ion to help fund cancer research in Ireland, please fi l l out the applicable forms below and 

post it to the free post address over leaf. Thankyou. 

Irish Cancer Society 

43/45 Northumberland Road, 

Dublin 4, 

Ireland 

Alternatively you can make a donation online by visiting our website www.cancer.ie 

planned giving - direct debit donation 
43/45 Northumberland Road, Dublin 4, Ireland 

101 231 0500 f 01 231 0555 

w www.cancer.ie 

I wish to make the following regular contribution to help fund cancer research in Ireland now 

and on the same date each [_] Year / Q Month from the date below* until further notice. 

To The Manager Bank (Bank name):  

Bank Address 

Please pay and debit my / our account with the sum of Euro € 

and credit the AIB Bank, for the account of the Irish Cancer Society 

(Account No: 325 600 95, Sort Code 93:10:98). 

Name of account holder: 

Phone 

Email 

Postal Address 

100 other please specify 

Card Type: v.sa Q Mastercard Q 

Card Number: 

credit card donation 
43/45 Northumberland Road, Dublin 4, Ireland 

101 231 0500 f 01 231 0555 
w www cancer.« 

Donators details: (optional) 

Name: 

Phone 

Email 

Postal Address 

Date 

http://www.cancer.ie
http://www.cancer.ie
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