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A. Project overview
1. Title of project
Contribution of enterotoxigenic Bacteroides fragilis to colorectal carcinogenesis

2. Short title of project
Gut bacteria and colorectal cancer

3. Project dates
Start date: 01/11/2016

Completion date: 01/10/2017

4. Media summary of research

Colorectal cancer is a common type of cancer, and while recent evidence suggests that gut bacteria
may increase risk, the exact mechanisms remain elusive. Bacterial infections can cause chronic
inflammation, which has been linked to cancer development. The Bacteroides fragilis toxin
potentially alters intracellular signalling pathways that are also linked to cancer development. We
will explore how chronic inflammation as a result of enterotoxigenic B. fragilis (ETBF) infection is
associated with development of colorectal cancers, including whether genetic mutations arise as a
result of this chronic inflammation. We will also investigate the role of microRNAs as a potential
mechanism that regulates this process. MicroRNAs are small RNA molecules that do not code for
proteins, but have recently been shown to play important roles in many cellular processes, including
the development of cancer. We hope that this project will identify novel markers for the early
detection of colorectal cancer.
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B. Proposed investigation
1. Project title
Contribution of enterotoxigenic Bacteroides fragilis to colorectal carcinogenesis

2. Health significance rationale

Colorectal cancer (CRC), the second most common cancer worldwide, is a major health problem in
New Zealand(1), and South Canterbury has the highest mortality rate for CRC in the country.
Research into the genetic components of CRC has highlighted that most cases (> 90%) are sporadic,
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and follow a pattern one would expect from an environmental source. There is increasing evidence
of a role for bacterial pathogens in the development of CRC, but a concerted effort is needed to
definitively identify the pathogens involved, and the means by which they initiate CRC. This will allow
the implementation of bowel cancer screening programs and the development of effective vaccines
and preventative therapies.

Of particular interest to our group is the contribution of enterotoxigenic Bacteroides fragilis (ETBF) to
the development of CRC. These bacterial species, which are considered directly pro-oncogenic and
capable of remodelling the mucosal immune response and colonic bacterial community, have been
proposed as “drivers” of CRC(2). Our group has found that ETBF is present in stool samples of CRC
patients at a significantly higher frequency than in age-matched controls from the Canterbury
population (Keenan et al, in press), and that ETBF is significantly associated with low-grade dysplasia
and tubular adenoma from colonoscopy patients in the Canterbury region (Purcell, manuscript in
preparation). ETBF produces a virulence factor called B. fragilis toxin (BFT), that induces persistent
colitis in mice(3), and disrupt E-cadherin junctions, activate B-catenin signalling, and induce IL-8
secretion in colonic epithelial cells(4-8). We wish to investigate the signalling mechanisms involving
IL-8, B-catenin, and E-cadherin that modulate acute to chronic inflammation in response to
pathogenic bacterial infection.

MicroRNAs reportedly act as a bridge between chronic inflammation and carcinogenesis(9), and we
will also study their role in modulating the balance between pro- and anti-inflammatory cytokines in
CRC development.

3. Research design

Research hypothesis We hypothesize that infection with toxin-producing strains of B. fragilis
(ETBF) induces chronic inflammation in colonic epithelial cells (CEC) by a signalling mechanism
involving beta-catenin and IL-8/Stat3, and that constitutive activation of this signalling mechanism
contributes to early-stage precancerous changes. We also hypothesize that microRNAs may play a
role in the regulation of this process.

Background IL-8 is a potent inflammatory chemokine, and its secretion by CECs leads to
downstream activation of numerous signalling pathways involved in cell survival, angiogenesis and
cell migration/invasion. IL-8 signalling has also been shown to activate Stat3(10), which regulates
various cell functions, including acute inflammation. However, when Stat3 is constitutively activated,
it acts as an oncogene, promoting chronic inflammation and tumourigenesis(11). Recent evidence
suggests that Stat3 may be involved in skewing the host response towards tolerance at the cost of
immunity in H. pylori(12) and ETBF(13) infections. Stat3 activation has also been associated with
ETBF-associated colitis(14) and colonic tumour development in mice(13).

ETBF also reportedly stimulates the secretion of IL-8 through E-cadherin disruption(5), which releases
bound B-catenin and allows nuclear translocation and subsequent TCF-dependant transcription of
IL-8(15), and several studies of ETBF in CECs have reported increased B-catenin pathway
activation(16). B-catenin signalling is believed to have a role in modulating acute
inflammation(17,18), which may be necessary for chronic inflammation, hypothesised to play a role
in carcinogenesis.

The potential contribution of miRNAs to the development of CRC from inflammation related to
bacterial infection has not been studied to date. MiRNAs have been shown to be involved in every
aspect of carcinogenesis(9), and reportedly act as a bridge between chronic inflammation and
carcinogenesis in gastric cancer related to infection with the carcinogen, H. pylori (19), and this may
occur by modulating the intricate balance between pro- and anti-inflammatory cytokines(20).
Methods

Cell lines and bacterial strains Three colonic adenocarcinoma cell lines, HT29, SW480, and
HCT116 (currently available in our laboratory) will be cultured as previously described. B. fragilis
strain VPI13784, an enterotoxigenic strain shown to induce a persistent colitis in mice(3), will be
grown in culture broth in anaerobic conditions.

Objective 1. Cell lines will be cultured in 24-well plates until confluent. Varying multiplicities of
infection (MOI) of ETBF will be incubated with cell lines for 24 hours. Cells will be harvested, washed
and lysed in Nonidet P-40 buffer for subsequent protein analysis. Cells will be harvested into
RNAlater for subsequent nucleic acid analysis. RNA will be extracted from cells in RNAlater using
RNEasy mini kit (Qiagen). RNA will be reverse transcribed using Transcriptor RT kit (Roche) and the
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resultant cDNA will be used in qPCR analysis to determine changes in the levels of the IL-8 receptors,
CXCR1 and CXCR2, in response to co-culture with ETBF. gPCR will be carried out on a Roche
LightCycler480 instrument using with appropriate house-keeping genes. Levels of IL-8 in cell culture
medium will be determined using enzyme-linked immunosorbent assay (ELISA) using R&D Systems
Quantikine. Cells will also be grown on coverslips and treated as above. Following incubation with
bacteria, these cells will be fixed using paraformaldehyde. Immunocytochemistry (ICC) will be carried
out using a primary antibody against beta-catenin, to investigate nuclear translocation (activation)
occurs in response to ETBF in colonic epithelial cell lines.

The analyses from this objective will determine the optimal MOI for use in subsequent experiments.
Different time-points may be used to determine the optimal incubation periods needed.
Subsequently, cell lines will be co-cultured with ETBF as described above. Inhibitors of Stat3, IL-8,
CXCR1 and 2, beta-catenin, and NF-kB will be added at appropriate concentrations to the
cell/bacterial co-cultures. Cells and supernatants will be harvested as outlined in the previous
objective for RNA and protein analysis. Levels of IL-8 will be determined by ELISA, while protein
levels of Stat3, E-cadherin, and beta-catenin will be determined by western blotting. The appropriate
polyclonal antibodies, followed by goat anti-rabbit secondary antibody conjugated to horseradish
peroxidase, will be visualised by enhanced chemiluminescence. RT-PCR will be carried out to
determine changes in mMRNA levels of CXCR1 and CXCR2, CCND1 (the gene for cyclinD1, which is
transactivated by beta-catenin), and CXCL8 (the gene coding for IL-8). ICC analysis of treated cell
lines using primary antibodies to E-cadherin, beta-catenin, and Stat3 will allow visualisation of
intracellular changes in the location of these proteins in response to treatment.

Outcome Our approach, which is similar to published reports regarding H. pylori in gastric cancer,
will help to elucidate the role of beta-catenin in the induction of the pro-inflammatory cytokine, IL-8,
in response to ETBF infection in colonic epithelial cells. We believe that the use of targeted inhibitors
will provide evidence of an autocrine signalling loop, which may partly explain how chronic
inflammation in response to ETBF, could play a role in early-stage colonic carcinogenesis. We hope to
demonstrate a link between beta-catenin and Stat3 signalling in the induction of IL-8 secretion in
response to ETBF.

Objective 2. To investigate the contribution of specific microRNAs to ETBF-activated pathways, we
will culture our cell lines as outlined previously. Cells will be harvested following co-culture with
bacteria with/without pathway inhibitors and stored in RNAlater. MicroRNA will be extracted from
cells using miRNeasy microRNA extraction kit (Qiagen). gRT-PCR will be carried out using TagMan
probes (Life Technologies) to identify changes in the relative abundance of specific miRNAs in
response to ETBF colonization of the cells. Any changes noted will be analysed in relation to changes
in their putative mRNA targets from Objective 1. The miRNAs to be analysed include: miR-21,
miR-200 and miR-205, which are involved in E-cadherin disruption and Wnt/B-catenin
signalling(21,22); and miR-221 and miR-222, which have been implicated in constitutive Stat3 and
NF-kB signalling in colon cancer cells(23). Additional miRNAs may be also be considered.

In order to validate any changes in miRNA levels seen, we will grow our cell cultures with bacteria as
described previously, with and without the addition of mirVana® miRNA inhibitors (Ambion), which
allows silencing of specific miRNAs following transfection into cultured cells. RNA will be extracted
from the cells, as outlined previously, and changes in the relative abundance of our genes of
interest, will be measured using gRT-PCR as described above.

Outcome Specific miRNAs have already been proposed to play a role in beta-catenin and Stat3/IL-8
signalling in various cancers, and in relation to H. pylori and gastric cancer. We believe our approach
will clarify the contribution of these miRNAs in ETBF-related activation of pathways involved in the
establishment of chronic inflammation in colonic epithelial cells. This will provide further insight into
early changes that may contribute to colorectal carcinogenesis. MicroRNAs also represent potential
therapeutic targets that have promising applications in the clinical setting.

Statistical analyses For the in vitro study, the effect of BFT colonization on the relative abundance
of mMRNAs and miRNAs of interest will be analysed using the ANOVA test, with appropriate post-hoc
testing. Differences between conditions will be considered statistically significant if the p-value is <
0.05. Dr John Pearson (Biostatistician, Dept. of Population Health, University of Otago, Christchurch)
has been consulted in regards to this project and will provide assistance with statistical analysis,
where appropriate.
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5. Objectives

1. We aim to elucidate the role of B-catenin signalling and IL-8/Stat3 activation in the establishment
of chronic inflammation and tumour progression in response to enterotoxigenic B. fragilis in colonic
epithelial cells. Optimisation of protocols, including determination of MOI of ETBF, will be carried out
in the first 3 months of the project, from November 2016. Inhibition of pathways using specific
inhibitors will be carried out in the cell lines over the following 6 months, and RNA and proteins will
be extracted from the cells over this period. Analysis of proteins by ELISA and Western blot, and
gene expression using qRT-PCR will be carried out concurrently, from February to May 2017, as will
ICC to determine changes in cellular location of proteins of interest in response to pathway
inhibitors.

2. We also aim to explore the regulatory role of specific miRNAs in IL-8/Stat3/beta-catenin signalling
as a link between ETBF infection and chronic inflammation in the pathogenesis of colorectal cancer.
Inhibition of miRNAs thought to be involved in inflammatory pathways involved in ETBF-associated
inflammation will be carried out from May 2017 with analysis of effects on pathways of interest
carried out by August 2017.

Statistical analysis will be ongoing during this part of the project. Final analysis and manuscript
preparation will be carried out from August to October 2017.

6. About the applicant

Dr Purcell is a post-doctoral research fellow with the Department of Surgery, and has a background
in molecular biology and cancer genetics. Her research is centred on the molecular mechanisms of
pathogenic bacteria in colorectal carcinogenesis, and she is also interested in the epigenetic role of
microRNAs involved in the progression from chronic inflammation to cancer development in the gut.
The previous work on the molecular mechanisms of childhood cancer by Dr Purcell ties into the
molecular aspects of the current project, with many similar techniques being proposed, such as
gPCR, immunohistochemistry, protein analysis, and gene and miRNA array analysis. Her role will be
to co-ordinate the project, lead experimental design, undertake key benchside research, and to carry
out statistical evaluation of experimental results. In this study her tasks will include in vitro cell
culture, immunocytochemistry, protein analysis, and nucleic acid analysis. The focus on the influence
of bacterial pathogens on CRC, proposed in this project will allow Dr Purcell an opportunity to expand
her knowledge and broaden her areas of expertise, working under the guidance of Dr Keenan.
Research into the role of gut bacteria in cancer development is in its early stages and represents an
exciting research field. Publication of research findings from this project in high impact journals and
presentation of findings nationally and internationally, will further benefit Dr Purcell’s career, and
contribute to her establishment as an independent researcher.

7. Attachments
Empty

D. Other support
1. Upload files
Empty

2. Outline similarities
Grant funding from Genesis Oncology was used to screen stool samples from colorectal cancer
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patients and age-matched controls in Canterbury for the presence of enterotoxigenic B. fragilis. The
results of this study provide evidence that B. fragilis is involved in CRC pathogenesis, which provides
the basis for the proposed study. There is no overlap between the grant proposals.

The grant proposal submitted to CSNZ is similar to the study proposed here, but it is an expanded
version, which spans two years and involves an in vivo component in a mouse model.

E. Referees
ReLaTIONSHIP Colleague in a similar discipline
RELATIONSHIP Overseas colleague in a similar field

F. Curriculum vitae
1. Upload CVs

View an attachment by double clicking the icon to the left of the file name. Icons are not displayed and attachments are not
accessible when this PDF is viewed in a web browser; you must open it in PDF reader software.

$ 2016PRO-PRO_Purcell-Rachel F1-1.pdf

334.5 KiB

$ 2016PRO-PRO_Purcell-Rachel F1-2.pdf
111.4 KiB

$ 2016PRO-PRO_Purcell-Rachel_F1-3.pdf
101.6 KiB

C. Staffing and budget

Year 1 Year 2

Staff Project role FTE Cost FTE Cost Total

Applicant Dr Purcell's role will be to co- 0.8 $65,790 0 $0 $65,790
ordinate the project, lead

Dr Rachel Purcell experimental design,

Surgery, University of Otago undertake key benchside

Christchurch research, and to carry out

University of Otago,2 statistical evaluation of

Riccarton AvenuePO Box experimental results.

4345 8140

rachel.purcell@otago.ac.nz,

02102476749

Researcher Dr Keenan will work (1} $0 0 $0 $0
alongside Rachel to ensure

Dr Jacqui Keenan the proposed goals are

Surgery, University of Otago achieved within the

Christchurch timeframe. In addition, she

2 Riccarton Avenue, PO Box will work with Rachel on the

4345,Christchurch 8140 preparation of manuscripts

jacqui.keenan@otago.ac.nz, for publication. No salary is

03-3640570 being requested for Dr
Keenan.

Researcher Professor Frizelle is a 0 $0 0 $0 $0
colorectal surgeon who has

Professor Frank Frizelle a strong research interest in

Surgery, University of Otago colorectal cancer. His role

Christchurch will be to take part in

2 Riccarton Avenue,PO Box discussions and provide a

4345,Christchurch 8140 clinical perspective on the

frank.frizelle@otago.ac.nz, study findings. No salary is

03-364 8174 being requested for

Professor Frizelle.
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PART 1
1a. Personal details
Full name Prof Francis Antony Frizelle

Present position Colorectal surgeon
Organisation/Employer | University of Otago, Christchurch
Contact Address | PO Box 4345

Christchurch Mail Centre

Christchurch Post code | 8140
Work telephone | 03-364 8174 | Mobile
Email frank.frizelle@otago.ac.nz

[ 1b. Academic qualifications l

2010 FASCRS Medicine American Society of Colon and Rectal Surgeons
2007 FNZMA Medicine The New Zealand Medical Association

2004 FACS Medicine The American College of Surgeons

1995 MMedSci Surgery The University of Otago

1992 FRACS General Surgery  The Royal Australasian College of Surgeons
1985 MBChB Medicine The University of Otago

1983 BMedSci Pharmacology The University of Otago

[ 1c. Professional positions held
Present Positions

2006- Head of Academic Department of Surgery

2002- Editor in Chief, The New Zealand Medical Journal

2000- Professor of Colorectal Surgery Christchurch School of Health Science,
University of Otago

1999- Colorectal Surgeon Oxford Day Hospital, Christchurch

1997- Colorectal Surgeon Southern Cross Hospital, Christchurch

1996- Colorectal Surgeon St Georges Hospital, Christchurch

1996- Colorectal Surgeon Christchurch Public, Hospital, Christchurch

Employment History

1996-2000 Senior Lecturer in Colorectal Surgery Christchurch School of Health
Science, University of Otago, New Zealand

1995-1996 Lecturer in Surgery/ Laparoscopic Fellow, University of Dundee, Scotland
UK.

1994-1995 International Clinical Follow in Colorectal Surgery Mayo Clinic Rochester
MN, USA

1993-1994 Locum Consultant General and Vascular Surgeon, Dunedin Hospital, NZ
and Clinical Lecturer in Surgery.

1987-1993 Registrar in Surgery, Southern Scheme NZ

1985-7 House Officer Dunedin Hospital NZ.

| 1d. Present research/professional speciality [
My research expertise is in clinical based research; both RCT in surgical methods and
outcome studies, with special reference to colorectal cancer,

[ 1e. Total years research experience | 31 years |

1f. Professional distinctions and memberships (including honours, prizes, scholarships,
boards or governance roles, etc)

2014 Research Medal University of Otago for research excellence

2010 Fellowship of the American Society of Colon and Rectal Surgeons (International)
2007 Fellowship of the New Zealand Medical Association






2006

2004
1999

1998

1995
1994
1993

1989
1985
1982

The NZ Association of General surgeons award for clinical teaching (The Sumner
Award)

Fellowship of the American College of Surgeons

American College of Surgeons International Guest Scholars

International Society of Paraplegia Young Researcher Award for paper Bowel
dysfunction after spinal cord injury. A. Lynch, A. Anthony, F.A.Frizelle.
International Medical Society of Paraplegia, Copenhagen

RACS Supreme Grand Royal Arch Masonic Award for development of treatment in
faecal incontinence

RACS Ansell Prize for Best Scientific Poster Endosurgery ASC Sydney

lan Gordon Mackenzie Scholarship by Otago University

Royal Australian College of Surgeons, Richard Stewart Award for Research.
Royal Australian College of Surgeons, New Zealand Younger Fellows
Representative to meeting in Australia

Otago Medical School Deans Fund Award for Research

Otago Medical School Award for Psychological Medicine.

Medical Research Council Award in Medical Science New Zealand Medical
Council.

Junior Researcher Award, Otago Medical Research Society.

1g. Total number of peer Journal Books, book Conference Patents
reviewed publications and articles | chapters, books proceedings
patents edited

322 32 2 0






PART 2

[ 2a. Research publications and dissemination

Peer-reviewed journal articles

Most relevant articles (since 2009)

Jacqueline | Keenan, Alan Aitchison, Rachel V Purcell, Rosie Greenlees, John F
Pearson, Frank A Frizelle. Screening for enterotoxigenic Bacteroides fragilis in
stool samples. Anaerobe. 2016. in Press.

Tyrer PC, Frizelle FA, Keenan JI. Escherichia coli-derived outer membrane vesicles
are genotoxic to human enterocyte-like cells. Infect Agent Cancer. 2014 Jan
10;9(1):2. doi: 10.1186/1750-9378-9-2

S Abbott T W Eglinton, Yi Ma, C Stevenson, G M Robertson, F A Frizelle' Predictors
of outcome in palliative colonic stent placement for malignant large bowel obstruction.
Br J Surg. 2014 Jan;101(2):121-6.

P Sharma, T Eglinton, P Hider, FA Frizelle Systematic Review and Meta-Analysis of
the role of routine colonic evaluation after radiologically confirmed acute diverticulitis.
Ann Surg. 2014 Feb;259(2):263-72

Joey Siu, Michael Lim, Jesse Fischer, Bruce Dobbs, Chris Wakeman, Frank Frizelle.
Ten year review of gastrointestinal stromal tumours (GIST) at a tertiary referral
hospital in New Zealand. ANZ J Surg. 2013 Dec 11. doi: 10.1111/ans.12429

Plunkett M, Murray M, Frizelle F, Teague L, Hinder V, Findlay M. Colorectal
adenocarcinoma cancer in New Zealand in those under 25 years of age (1997-2007).
ANZ J Surg. 2013 Sep 16. doi: 10.1111/ans.12380.

Michael Lim, Prashant Sharma, Andrew Ing, Heidi Blackburne, Bridget Robinson,
Liane Dixon, Chris Frampton, Frank Frizelle. Continued progress with stage lli
colorectal cancer—a triple cohort study NZMJ, 2013 1382, URL:
http://journal.nzma.org.nz/journal/126-1382/5818/

Sharma P, Frye J, Frizelle F. Accuracy of visual prediction of pathology of colorectal
polyps: how accurate are we? ANZ J Surg. 2013 Aug 26. doi: 10.1111/ans.12366

Beyond TME Collaborative. Consensus statement on the multidisciplinary
management of patients with recurrent and primary rectal cancer beyond total
mesorectal excision planes. Br J Surg. 2013 Jul;100(8):E1-33

Kiki Maoate, Frank Frizelle. Equity, education and health outcomes in Pacific peoples
in New Zealand. NZMJ 2013 URL http://journal.nzma.org.nz/journal/126-1376/5703/

Mulder RT, Frizelle FA. Time to address the cultural issues of service and research
in health. Epidemiol Psychiatr Sci. 2013 May 29:1-3.

Tapper R, Dixon L, Frampton C, Frizelle F. Impact of obesity on the cost of major
colorectal surgery. Br J Surg. 2013 Jan;100(2):293-8. doi: 10.1002/bjs.8978.

Goonerante D, Gray C, Lim M, Dixon L, Dobbs B, Wakeman C, Frizelle F; Colorectal
Lung Metastases Research Group (CRLMRG).Survival outcome in New Zealand






after resection of colorectal cancer lung metastases. ANZ J Surg. 2012 Nov 27. doi:
10.1111/ans.12012

Bagshaw PF, Allardyce RA, Frampton CM, Frizelle FA, Hewett PJ, McMurrick PJ,
Rieger NA, Smith JS, Solomon MJ, Stevenson AR; Australasian Laparoscopic Colon
Cancer Study Group.Long-term outcomes of the australasian randomized clinical trial
comparing laparoscopic and conventional open surgical treatments for colon cancer:
the Australasian Laparoscopic Colon Cancer Study trial. Ann Surg. 2012
Dec;256(6):915-9. doi: 10.1097/SLA.0b013e3182765ff8

Pitama S, Cave T, Huria T, Lacey C, Cuddy J, Frizelle F. Exploring Maori health
worker perspectives on colorectal cancer and screening. N Z Med J. 2012 Jun
8;125(1356):75-84

Lim G, Viney SK, Chapman BA, Frizelle FA, Gearry RB A prospective study of
endoscopist-blinded colonoscopy withdrawal times and polyp detection rates in a
tertiary hospital. N Z Med J. 2012 Jun 8;125(1356):52-9

Wilkes A, Griffin N, Dixon L, Dobbs B, Frizelle FA Mesenteric panniculitis: a
paraneoplastic phenomenon? Dis Colon Rectum. 2012 Jul;55(7):806-9. doi:
10.1097/DCR.0b013e318252e286

Eglinton TW, Barclay ML, Gearry RB, Frizelle FA The spectrum of perianal Crohn's
disease in a population-based cohort. Dis Colon Rectum. 2012 Jul;55(7):773-7. doi:
10.1097/DCR.0b013e31825228b0

T Creagh. L Dixon. FA Frizelle Reconstruction with Vertical Rectus Abdominus
Myocutaneous Flap in Advanced Pelvic Malignancy Journal of Plastic,
Reconstructive & Aesthetic Surgery Ms. Ref. No.: JPRAS-D-11-00351R1

Eglinton TW, Roberts R, Pearson J, Barclay M, Merriman TR, Frizelle FA, Gearry
RB. Clinical and Genetic Risk Factors for Perianal Crohn's Disease in a Population-
Based Cohort.. Am J Gastroenterol. 2012 Apr;107(4):589-96.

Macfarlane K, Dixon L, Wakeman CJ, Robertson GM, Eglinton TW, Frizelle FA. The
process and outcomes of a nurse led colorectal cancer follow up clinic. Colorectal
Dis. 2012 May;14(5):e245-9

Sabanli M, Balasingam A, Bailey W, Eglinton T, Hider P, Frizelle FA Computed
tomographic colonography in the diagnosis of colorectal cancer. Br J Surg. 2010
Aug;97(8):1291-4.

Aliardyce RA, Bagshaw PF, Frampton CM, Frizelle FA, Hewett PJ, Rieger NA, Smith
JS, Solomon MJ, Stevenson AR; Australasian Laparoscopic Colon Cancer Study
Group. Australasian Laparoscopic Colon Cancer Study shows that elderly patients
may benefit from lower postoperative complication rates following laparoscopic
versus open resection.

Br J Surg. 2010 Jan;97(1):86-91

Fife J, Raniga S, Hider PN, Frizelle FA. Folic Acid Supplementation and Colorectal
Cancer Risk; A Meta-analysis. Colorectal Dis. 2009 Oct 27. [Epub ahead of print]

Frizelle F Cancer in New Zealand.N Z Med J. 2009 May 8;122(1294):7-9.






Books

Atlas of anal Pathology FA Frizelle, C Wakeman, Eglinton, CJ Church, S Shedda.
Oxford Press.London UK. In press 2015

Book Chapters
Recurrent rectal cancer McCormack J and Frizelle F. in press

Gastrointestinal Stromal tumors evolving role of multidiscilinary team approach.
Wakeman C, Harris C, Sharma P, Frizelle F. Oxford Press London UK 2015

Nurse lead management of colorectal cancer. Editor in Chief: Chris Wakeman
Chapters by Frank Frizelle, Andrew Ing, Kim Macfarlane, Tim Eglinton John T
Jenkins, Stephen Wright, Jennie Burch, Paris Tekkis, Emile Tan. Oxford University,
London UK press 2015.

FA Frizelle et al. National Standards in Colorectal Cancer . Ministry of Health
Government printer, in Press 2013

Eglinton, T. W., & Frizelle, F. A. Laparoscopic sigmoid colectomy for diverticular
disease Atlas of Lower Gastrointestinal Surgery Ed Werner Hohenberger and Mike
Parker. Springer in Press 2013

Eglinton, T. W., & Frizelle, F. A. (2010). Investigation and management of
complications after coloproctological surgery. In G. A. Santoro, A. P. Wieczorek, &
C. |. Bartram (Eds.), Pelvic floor disorders: Imaging and multidisciplinary approach
to management (pp. 713-723). Dordrecht, The Netherlands: Springer. doi:
10.1007/978-88-470-1542-5 93

Nguyen, T., & Frizelle, F. A. (2010). Invited commentary. In G. A. Santoro, A. P.
Wieczorek, & C. | Bartram (Eds.), Pelvic floor disorders: Imaging and
multidisciplinary approach to management (pp. 679-684). Dordrecht, The
Netherlands: Springer. doi: 10.1007/978-88-470-1542-5 89

Thang C. Nguyen ¢ Frank A. Frizelle Chapter 32: Diverticular Disease and Colonic
Volvulus.Twelfth edition of Maingot's Abdominal Operations by Michael J. Zinner, MD
and Stanley W. Ashley, MD. 2012

Surgery Chapter 14 in The Christchurch experience 40 years of research and
teaching Ed P.Joyce, G Nicholls, K. Tmonas, T.Wilkinson. University of Otago Press
2013,

The New Zealand National Guidelines for the Management of Colorectal Cancer. FA
Frizelle, M Jefferies. NZ Govt. 2011 Wellington

Pocket Summary. Management of Early Colorectal Cancer. FA Frizelle, M Jefferies.
NZ Govt. 2011 Wellington

Anal condylomata and AIN. TE Eglinton, FA Frizelle Rob and Smith; Text Book on
Surgery. Ed Solomon, O’'Connell, Madoff in submission

FA Frizelle , TE Eglinton Complicatiosn after Coloectal resection. In Plevic Floor
Disorders Imaging and Multidisciplinary Approach to Management Santoro,
Wieczorek, Bartram (Eds)
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5. CURRICULUM VITAE, PUBLICATIONS AND OTHER PUBLISHED WORKS

PART 1
la. Personal details
Full name Dr Rachel Violet Purcell

Present position

Post-doctoral fellow

Organisation/Employer

Dept of Surgery, University of Otago, Christchurch

Contact Address PO Box 4345
Christchurch
Post code | 8140
Work telephone | 02102476749 | Mobile
Email rachel.purcell@otago.ac.nz

| 1b. Academic qualifications

PhD in Molecular Biology, University of Otago, New Zealand 2011
MSc (Hons) Bacterial Genomics, Pasteur Institute, Paris and Cork

Institute of Technology 2000
BSc (Hons) Biomedical Science, University College, Cork, Ireland 1998

| 1c. Professional positions held |

Scientific officer, International Agency for Research

on Cancer (IARC), WHO, Lyon, France 20122014
Post-doctoral fellow, CCRG, University of Otago, Christchurch 2011-2012
Assistant research fellow, CCRG, University of Otago, Christchurch 2005-2011
PhD Student, Children’s Cancer Research Group 2007-2010
Senior Medical Technologist (Histology),

National Children’s Hospital, Dublin 2002-2004
Senior Scientist (Histology),

St. Vincent’s Hospital, Dublin 2000-2002

\ 1d. Present research/professional speciality

| am a post-doctoral research fellow with the Department of Surgery. | have a background in

molecular biology and cancer genetics. My research is centered on the molecular mechanisms of

pathogenic bacteria in colorectal carcinogenesis. | am also interested in the epigenetic role of

microRNAs involved in the progression from chronic inflammation to cancer development in the

gut.

| 1e. Total years research experience

8 years |

| took parental leave twice for 6 months each time. From February 2014 to April 2015 | worked as a

freelance medical editor and did not partake in any research-based activity.

1f. Professional distinctions and memberships (including honours, prizes,
scholarships, boards or governance roles, etc)

2010
2006-2010

University of Otago postgraduate publication bursary

University of Otago postgraduate scholarship





1998-2000 Da Vinci Scholarship, European Union/Pasteur Institute
1997 College Scholar award, University College Cork

1g. Total number of
peer reviewed
publications and patents

Journal | Books | Book chapters, | Conference | Patents
articles books edited proceedings
12 0 1 0 0






PART 2

| 2a. Research publications and dissemination

Peer-reviewed journal articles

Jacqueline 1 Keenan, Alan Aitchison, Rachel V Purcell, Rosie Greenlees, John F Pearson,
Frank A Frizelle. Screening for enterotoxigenic Bacteroides fragilis in stool samples.
Anaerobe. 2016. In Press.

Leichter AL, Purcell RV, Sullivan MJ, Eccles MR, Chatterjee A. Multi-platform microRNA
profiling of hepatoblastoma patients using formalin fixed paraffin embedded archival samples.
Gigascience. 2015 Nov 25;4:54. doi: 10.1186/s13742-015-0099-9. eCollection 2015.

Aniruddha Chatterjee, Anna L Leichter, Vicky Fan, Peter Tsai, Rachel V Purcell, Michael J
Sullivan, Michael R Eccles. A cross comparison of technologies for the detection of
microRNAs in clinical FFPE samples of hepatoblastoma patients. Sci Rep. 2015 Jun
3;5:10438. doi: 10.1038/srep10438.

Purcell R, Childs M, Maibach R, Miles C, Turner C, Zimmermann A, Sullivan M. Potential
biomarkers for Hepatoblastoma: Results from the SIOPEL-3 study. Eur J Cancer. 2012
Aug;48(12):1853-1859.

Purcell R, Childs M, Miles C, Turner C, Zimmermann A, Sullivan M. HGF/c-Met related
activation of B-catenin in Hepatoblastoma. J Exp Clin Cancer Res. 2011. 30(1):96-106.

Larkin A, O'Driscoll L, Kennedy S, Purcell R, Moran E, Crown J, Parkinson M, Clynes M.
Investigation of MRP-1 protein and MDR-1 P-glycoprotein expression in invasive breast
cancer: a prognostic study. Int J Cancer. 2004. 112(2):286-294.

McArdle L, McDermott M, Purcell R, Grehan D, O'Meara A, Breatnach F, Catchpoole D,
Culhane AC, Jeffery I, Gallagher WM, Stallings RL. Oligonucleotide microarray analysis of
gene expression in neuroblastoma displaying loss of chromosome 11q. Carcinogenesis. 2004.
25(9):1599-1609.

O'Driscoll L, Cronin D, Kennedy SM, Purcell R, Linehan R, Glynn S, Larkin A, Scanlon K,
McDermott EW, Hill AD, O'Higgins NJ, Parkinson M, Clynes M. Expression and prognostic
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relevance of Mcl-1 in breast cancer. Anticancer Res. 2004. 24(2A):473-482.

O'Driscoll L, Linehan R, M Kennedy S, Cronin D, Purcell R, Glynn S, W McDermott E,

D Hill A, J O'Higgins N, Parkinson M, Clynes M. Lack of prognostic significance of survivin,
survivin-deltaEx3, survivin-2B, galectin-3, bag-1, bax-alpha and MRP-1 mRNASs in breast
cancer. Cancer Lett. 2003. 201(2):225-236.

Kelly LM, Hill ADK, Kennedy SM, Purcell R, Dijkstra B, Connolly E, Ramnath R,
McDermott EW, O’Higgins N. Cox 2 expression in invasive breast cancer. Eur J Surg
Oncol. 2003. 29(9):707-710.

SM Kennedy, L O’ Driscoll, R Purcell, N Fitz-simons, EW Mc Dermott, AD Hill, NJ O’
Higgins, M Parkinson, R Linehan, M Clynes. Prognostic importance of survivin in breast
cancer. Br J Cancer. 2003. 88(7):1077-1083.

Glaser P, Frangeul L, Buchrieser C, Rusniok C, Amend A, Baquero F, Berche P, Bloecker H,
Brandt P, Chakraborty T, Charbit A, Chetouani F, Couve E, de Daruvar A, Dehoux P,
Domann E, Dominguez-Bernal G, Duchaud E, Durant L, Dussurget O, Entian KD, Fsihi H,
Portillo FG, Garrido P, Gautier L, Goebel W, Gomez-Lopez N, Hain T, Hauf J, Jackson D,
Jones LM, Kaerst U, Kreft J, Kuhn M, Kunst F, Kurapkat G, Madueno E, Maitournam A,
Vicente JM, Ng E, Nedjari H, Nordsiek G, Novella S, de Pablos B, Perez-Diaz JC, Purcell R,
Remmel B, Rose M, Schlueter T, Simoes N, Tierrez A, Vazquez-Boland JA, Voss H,
Wehland J, Cossart P. Comparative genomics of Listeria species. Science. 2001.
294(5543):849-852.

Peer reviewed books

Stewart BW and Wild CP (eds.) World Cancer Report 2014. Lyon, 2014. WHO Press.
(Contributor).

Other forms of dissemination (reports for clients, technical reports, popular press, etc)

Poster presentations:
International Society of Paediatric Oncology (SIOP) convention 2011, Auckland October
2011

Queenstown Molecular Biology conference 2010






Queenstown Molecular Biology conference 2008
Gordon Research conference — Epigenetics and Cancer, Il Ciocco, Italy 2007

Queenstown Molecular Biology conference 2007

Invited oral presentations:

Otago Genomics facility meeting 2011, University of Otago.

International Society of Paediatric Oncology (SIOP) convention 2011, Auckland October
2011

Archived Tissue Workshop 2010, Centre for Translational Cancer Research,

University of Otago.
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PART 1
la. Personal details
Full name Dr Jacqueline llene Keenan

Present position Senior Research Fellow
Organisation/Employer University of Otago, Christchurch
Contact Address PO Box 4345

Christchurch Mail Centre

Christchurch Post code | 8140
Work telephone 03-3640570 | Mobile | 0211676007
Email jacqui.keenan@otago.ac.nz

Personal website (if | http://www.otago.ac.nz/christchurch/research/heliobacter/publications
applicable) /

| 1b. Academic qualifications \

1997 PhD Immunology Otago University

1993 MApplSci Immunology Lincoln University

| 1c. Professional positions held |

2004 to date Senior Research Fellow, Dept. of Surgery, University of Otago,
Christchurch

1999-2003 Research Fellow, Dept. Surgery, University of Otago, Christchurch

| 1d. Present research/professional speciality \

Gram-negative bacterial infection as a risk factor for chronic gastrointestinal disease.
Animal modelling of gastrointestinal infection.

Diet and bacterial virulence.

Host:pathogen interactions

| 1e. Total years research experience | 15 years |

1f. Professional distinctions and memberships (including honours, prizes, scholarships,
boards or governance roles, etc)

2013 Member, University of Otago Christchurch Animal Ethics Committee
2009- Canterbury Medical Research Foundation Scientific Assessing Committee
2008- Judge, Lincoln University Schools Science & Technology Fair

2007-2013  Royal Society of New Zealand appointed member, Australia & New Zealand
Council for the Care of Animals in Research & Teaching (ANZCCART) Board

2006-2010  University of Otago Research Grant’s review panel (Biomedical)\

2002 Invited researcher, National University of Ireland Galway

1995 Canterbury Medical Researcher Interchange Award (to VVanderbilt University
School of Medicine, Nashville, USA

1993 1%t Class Hons, M.Appl.Sci.





1g. Total number of peer Journal Books, book Conference Patents
reviewed publications and articles chapters, books proceedings
patents edited
49 2 27
PART 2

| 2a. Research publications and dissemination

Peer-reviewed journal articles

Jacqueline | Keenan, Alan Aitchison, Rachel V Purcell, Rosie Greenlees, John F Pearson,
Frank A Frizelle. Screening for enterotoxigenic Bacteroides fragilis in stool samples.
Anaerobe. 2016. In Press.

Keenan JI, Frizelle FA. Bacteria flying under the radar: linking a bacterial infection to colon
canrcinogenesis. Infectious Agents and Cancer.2014, 9:31 doi: 10.1186/1750-9378-9-31
Tyrer PC, Frizelle FA, Keenan JI. Escherichia coli-derived outer membrane vesicles are
genotoxic to human enterocyte-like cells. Infect Agent Cancer. 2014 Jan 10;9(1):2 doi:
10.1186/1750-9378-9-2

Keenan JI, Leaman JD, Greenlees R, Day AS. Is Campylobacter consisus an unrecognised
cause of diarrhoea in New Zealand? N Z Med J. 2014 Mar 28;127(1391):90-1.

Meijer B, Hoskin T, Ashcroft A, Burgess L, Keenan JI, Falvey J, Gearry RB, Day AS. Total
soluble and endogenous secretory receptor for advanced glycation endproducts (RAGE) in
IBD. J Crohns Colitis. 2014 Jun 1;8(6):513-20

Keenan JI, Hooper EM, Tyrer PC, Day AS. Influences of enteral nutrition upon CEACAM6
expression by intestinal epithelial cells. Innate Immun. 2013 Dec 10 doi:
10.1177/1753425913513309

Keenan JI, Day AS. Risks for celiac disease: bacteria make it three. Dig Dis Sci. 2013
Nov;58(11):3066-7.

Keenan JI, Salm N, Pearson JF, Gearry RB, Day AS. 2013. Campylobacter seroreactivity in
adults with recent onset of Crohn’s disease. J Gastroenterol Hepatol Res (in press).

Keown DA, Collings DA, Keenan JI. 2012. Uptake and persistence of Mycobacterium avium
subspecies paratuberculosis in human monocytes. Infect Immun. 80(11):3768-75

Keenan JI, Salm N, Wallace AJ, Hampton MB. 2012. Using food to reduce Helicobacter
pylori associated inflammation. Phytotherapy Research (DOI: 10.1002/ptr.4618).

Coray DS, HeinemannJA. Tyrer PC, Keenan JI. 2012. Human lactoferrin increases
Helicobacter pylori internalisation into AGS cells. World J Microbiol Biotech 28(5):1871-80
Parker H & Keenan JI. 2012. Invited review: Composition and functionality of Helicobacter
pylori outer membrane vesicles. Microbes and Infection 14: 9-16.

Bentley RW, Keown DA, Gearry RB, Cameron VA, Keenan J, Roberts RL, Day AS. 2012.
Vitamin D receptor polymorphisms in colorectal cancer in New Zealand: an association study.
NZMJ 125(1356):47-51.

Day AS & Keenan JI. 2011. Probiotic-mediated modulation of host inflammation. Expert
Review of Gastroenterology & Hepatology 5:319-321.

Keenan JI, Mitchell H, Day AS. 2011. Interactions between gastric and enteric infections:
clues to the pathogenesis of IBD? NZMJ 124(1332):62-7.

Parker H, Chitcholtan K, Hampton MB, Keenan JI. 2010. Uptake of Helicobacter pylori
outer membrane vesicles by gastric epithelial cells. Infect Immun 78:5054-61.

Glubb D, Gearry RB, Pearson J, Keenan J, McKenzie J, Barclay M, Roberts R, Bentley R.
2010. NOD2 and ATG16L1 polymorphisms affect monocyte responses in Crohns disease.
World Journal of Gastroenterology Ms No. wjg/2010/026299






Keenan JI, Salm N, Hampton MB, Wallace AJ. 2010. Combined and individual effects of
foods on Helicobacter pylori growth. Phytotherapy Research 2010; 24(8):1229-33.

Keenan Jl, Beaugie CR, Jasmann B, Potter HC, Collett JA, Frizelle FA. 2010. Helicobacter
species in the human colon. Colorectal Disease;12(1):48-53.

Munday JS, Keenan JI, Beaugie CR, Sugiarto H. 2009. Ovine small intestinal
adenocarcinomas are not associated with infection by herpesviruses, Helicobacter species or
Mycobacterium avium subspecies paratuberculosis. J Comp Path 140(2-3):177-81.
Chitcholtan K, Hampton MB, Keenan JI. 2008. Outer membrane vesicles enhance the
carcinogenic potential of Helicobacter pylori. Carcinogenesis 29(12):2400-5

Keenan JI, Davis KA, Beaugie CR, McGovern JJ, Moran AP. 2008. Alterations in
Helicobacter pylori outer membrane and outer membrane vesicle-associated
lipopolysaccharides under iron- limiting growth conditions. Innate Immunity 14(5):279-90.
Bentley RW, Keenan JI, Gearry RB, Kennedy MA, Barclay ML, Roberts RL. 2008.
Incidence of Mycobacterium avium subspecies paratuberculosis in a population-based cohort
of patients with Crohn's disease and control subjects. Am J Gastroenterol 103(5):1168-72.
Keenan J, Peterson R, Hampton M. 2005. NADPH oxidase involvement in the pathology of
Helicobacter pylori infection. Free Radical Biology & Medicine 38:1188-1196.

Hynes SO, Keenan JlI, Ferris JA, Annuk H, Moran AP. 2005. Lewis epitopes on outer
membrane vesicles of relevance to Helicobacter pylori pathogenesis. Helicobacter 10(2): 146-
156.

Keenan JI, Peterson RA, Fraser R, Frampton CM, Walmsley TM, Allardyce RA and Roake
JA. 2004. The effect of Helicobacter pylori infection and dietary iron deficiency on host iron
homeostasis: a study in mice. Helicobacter 9(6): 643-650.

Bland MV, Ismail S, Heinemann JA, Keenan JI. 2004. The antimicrobial action of bismuth
against Helicobacter pylori mimics but is not caused by intracellular iron deprivation.
Antimicrob Agents Chemother. 48(6): 1983-1988.

Ismail S, Hampton M, Keenan J. 2003. Helicobacter pylori outer membrane vesicles
modulate proliferation and I1L-8 production by gastric epithelial cells. Infect. Immun.
71(10):5670-5675.

Keenan JI, RA Allardyce. 2000. Iron influences the expression of Helicobacter pylori outer
membrane vesicle-associated virulence factors. Eur. J. Gastroenterol. Hepatol. 12:1-7

Keenan J, T Day, S Neal. B Cook, G Perez-Perez, R Allardyce, P Bagshaw. 2000. A role for
the bacterial membrane in the pathogenesis of Helicobacter pylori infection. FEMS
Microbiol. Lett. 182:259-264.
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Canterbury Medical Research Foundation

Project Grant
Application for 2016 PRO from Dr Rachel Purcell

Year 1 Year 2
Staff Project role FTE Cost FTE Cost Total
Total staff costs $65,790 $0 $65,790
Working expenses Name or description Cost Cost Total
Other Cell culture: media, $3,350 $0 $3,350
chemicals, serum, and
plastic wear
Other Pathway inhibitors $805 $0 $805
Other RNA and microRNA $790 $0 $790
extraction kits, and RNAlater
storage solution (Qiagen)
Other qRT-PCR: plates, primers, $4,500 $0 $4,500
SybrGreen Master Mix
Other mirVanaA® miRNA inhibitors $2,600 $0 $2,600
x5
Other Primary antibodies for WB $3,260 $0 $3,260
and ICC (6 X $540) - Abcam
Other Fluorescently labelled $415 $0 $415
secondary antibodies for ICC
x 3 (Abcam)
Other Buffers, gels, membranes, $3,750 $0 $3,750
secondary antibodies and
consumables for Western
Blot analysis
Other IL-8 ELISA kit and buffer $2,635 $0 $2,635
(R+D systems)
ACC ACC $320 $0 $320
Total working expenses $22,425 $0 $22,425
Total request to CMRF $88,215 $0 $88,215
Year 1 Year 2

G. Co-funding applications
1. Financial planning
Blank

2. Contingency
Blank

3. Reporting and acknowledgement
Blank

4. Funder contact

The Canterbury Medical Research Foundation wishes to retain the right to communicate
directly with your other funders on occasion. Do you agree to this?
Yes

H. Ethical approvals
1. Human
Not required
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Canterbury Medical Research Foundation

Project Grant
Application for 2016 PRO from Dr Rachel Purcell

2. Animal
Not required

3. Biosafety/ERMA
Not required
Empty

5. Notes
This proposal does not require ethical approval as there is no use of human or animal tissue or
samples involved.

J. Applicant agreement

By submitting this application to the Canterbury Medical Research Foundation | am agreeing to the following terms and
conditions on behalf of the project team:

1. Publicity
By becoming a recipient of an CMRF grant, we automatically agree to the mention of our names to news media.

We also agree to be included in a list of CMRF funded researchers who are willing to be invited speakers for local
interest groups (Rotary, U3A etc).

2. Ethics

We have read the regulations of the appropriate ethics committee involved with the ethical approval of our research
project and agree to abide by the principles outlined in them.

We understand that, if successful, this grant cannot be activated until the required approvals are obtained.
3. Grant conditions

We understand and agree that any grant received as a result of this application is subject to conditions regarding
grants made from time to time by the Board of the Foundation and that the grant funds will not be expended for any
other purpose than that described in this application without the prior consent of the Board of the Foundation.

4. Reporting

If funding is granted, we agree to provide the Canterbury Medical Research Foundation with six monthly progress
reports for the full duration of the project, and a final report on the project's completion. The CMRF may use these
reports, in full or in part, as it sees fit to advance the cause of medical research in Canterbury.

5. Cost sharing

It is understood and agreed by the project team that any co-funding received for this project will be declared and that
the Foundation reserves the right to arrange cost-sharing with other funding bodies or to reduce the amount of the
award as appropriate.

6. Declaration

We have read the above points in this section and agree that our project team will abide by the conditions of the
agreement in respect of any grant made by the Foundation as a result of the present application. By submitting this
application and assenting to these terms and conditions on behalf of the project team, | undertake that we have
provided a full and factual disclosure of all relevant information and we authorise the Foundation to obtain
information, including personal information in relation to the application from any other source which the Foundation
thinks fit. We also authorise the Foundation to provide information, including personal information, relating to the
application to referees in order for the referees to report on the application and acknowledge that to the extent that
referees wish the Foundation to keep their report, and/or the fact that they have made a report, confidential then that
report will not be accessible by myself or the other project team members.

Applicant acceptance
| agree
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Canterbury Medical Research Foundation
Project Grant
Application for 2016 PRO from Dr Rachel Purcell

Referee review #1

Referee

Dr David Hughes davidhughes@rcsi.ie
0035314028531
Honorary Lecturer Centre for Systems Medicine,
Physiology & Medical Physics Dept Royal College
of Surgeons in Ireland 31A York Street D2 Ireland
0

1. The importance and relevance of the concept and aims

There is increasing evidence of a link between bacterial dysbiosis and colorectal cancer

(CRC) development. However, there is a need for much more mechanistic studies of this link, such as
the study proposed here. Thus, it is a highly relevant study building on work the applicants have in
press on the association of B. fragilis with CRC.

| have a few comments to address in the background sections:
The Bacteroides fragilis toxin potentially alters intracellular signalling pathways that are also linked
to cancer development. -what pathways?

Although the work proposed is sound, interesting and worthy of funding, generally the writing could
be improved (and has poor grammar in some sections, e.g., ETBF produces a virulence factor called
B. fragilis toxin (BFT), that induces persistent colitis in mice(3), and disrupt E-cadherin junctions,
activate B-catenin signalling, and induce IL-8 secretion in colonic epithelial cells(4-8)). In all, the
application is a little sloppy. The objectives are not clearly stated and are confusingly described in
the methods section as protocols rather than project objectives. It takes a long way into the
application until one has an idea of what the researchers are planning to do - but importantly this is
never very clear.

There should be more references in the first paragraph of Health significance rationale on the
aetiology of CRC - not well explained.

Bacteroides fragilis is not written in a consistent way throughout (and a first abbreviation is not
provided)

2. Your appraisal of the experimental approach and procedures

The experimental approach appears fine. However, | have a few comments:

Three colonic adenocarcinoma cell lines, HT29, SW480, and HCT116 (currently available in our
laboratory) will be cultured as previously described. - Where was this previously described? What
are the controls for objective 1?

As throughout application, lack of references to back up statements, e.qg., ‘Our approach, which is
similar to published reports regarding H. pylori in gastric cancer’.... Which published reports?

Objective 2: ‘Additional miRNAs may be also be considered’ - Which and why or in what context?
Such a sentence (as is) is uninformative.

There is no indication of the proposed study power.
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Canterbury Medical Research Foundation

Project Grant
Application for 2016 PRO from Dr Rachel Purcell

3. The applicant’s qualifications and ability to undertake the project and complete it
within the stipulated period

The applicant, Dr Rachel Purcell, is well qualified and experienced to take on the proposed research
and in the timeframe proposed.

4. Your evaluation of the budget components and their justification
The budget seems fine and is appropriate for the project.

5. Overall rating
6

6. Indicate any professional links to the applicant
No existing collaborations or professional work with the applicant.

7. Confidential comments for the CMRF Scientific Assessing Committee

Referee review #2

Referee

Dr Logan Walker logan.walker@otago.ac.nz
03 364 0544
Mackenzie Cancer Research Group University of
Otago, Christchurch 2 Riccarton Avenue PO Box
4345 Christchurch 0

1. The importance and relevance of the concept and aims

The proposal aims to better understand the molecular link between chronic inflammation and
colorectal carcinogenesis in response to B. fragilis infection. It was not clear what the actual risk of
colorectal cancer (CRC) was as a result of chronic inflammation. The link between gut bacteria and
colorectal cancer (CRC) has, however, become an important topic for a number of groups worldwide.
Such knowledge is potentially actionable in health management as it may lead to methods of cancer
treatment and/or prevention. This proposal will build on data from two studies from the research
team, one of which has been submitted for publication.

2. Your appraisal of the experimental approach and procedures

The experimental approaches outlined appear to address the aims of the proposal. Some of the
methodological details were a little vague (eg.“Varying multiplicities of infection (MOI) of ETBF will be
incubated with cell lines” and “qPCR will be carried out ....with appropriate house-keeping genes.”).
However, | have no doubt that the research team has the required expertise to successfully carry out
the proposed experimental work. It is noteworthy that the proposed experiments are similar to that
used previously to explore the role of H. Pylori in gastric cancer.  Regarding statistical analysis, it is
unclear how many samples will be assessed for each assay proposed but | understand that can be
difficult to predict without pilot data.

3. The applicant’s qualifications and ability to undertake the project and complete it
within the stipulated period

This one year study appears to be achievable. There are many experiments to be carried out over
this time frame so may be little room for troubleshooting if one or more of these experiments prove
challenging. The Pl will be well supported by two experienced senior researchers, although it is
unclear whether this experience extends to the many molecular techniques proposed.

4. Your evaluation of the budget components and their justification
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The budget is appropriate and will cover the salary of the Pl and working expenses.

5. Overall rating
7

6. Indicate any professional links to the applicant
None to declare

7. Confidential comments for the CMRF Scientific Assessing Committee

Referee review #3
Referee
Dr Cherie Blenkiron c.blenkiron@auckland.ac.nz

0

1. The importance and relevance of the concept and aims

The project looks at the potential role of specific signaling pathways in the development of CRC. As a
whole the idea is interesting and it brings together multiple lines of already published evidence to
better understand how these interact with one another in bacterium initiated carcinogenesis. The
hypothesis is very defined, to investigate the potential cross talk between two signaling pathways
wherein inflammation triggered by the bacterium in turn leads to pre-cancerous changes. The
findings will be biologically interesting although the applicant does not clearly explain the relevance
of this in colorectal cancer- aside from a comment about identifying novel markers for the early
detection of colorectal cancer in the media summary.

2. Your appraisal of the experimental approach and procedures

The applicants propose a two step analysis using in vitro cell lines to look at the effects of
bacterioides fragilis first on protein signaling pathways and then on miRNA signaling. Throughout the
proposal the applicant states the hypothesis that ETBF (bacteria) ‘contributes to early-stage
precancerous changes’ and that this is triggered by cross talk between b-catenin and IL-8/Stat
pathways. My key query for the proposal is whether the 3 cell-lines chosen will allow this to be to be
tested. The 3 cell-lines are all derived from malignant colorectal cells, on metastatic and with varying
b-catenin mutation status. The use of an immortalized primary cell-line (fetal epithelial colon cells?)
may be more suitable to answer the question of whether ETBF are involved in pre-cancerous
changes. As a whole the experiments appear to be planned sensibly. There are minimal details
provided on the inhibitors to be used and what replicates needed for each study. | query whether the
simplicity of cell lines is suitable for this analysis. A larger study involving an in vivo element was
submitted to Cancer Society and | feel that the addition of that aspect to this proposal would
improve it greatly. The miRNA analyses are interesting to the story but somewhat feel like an add-
on. The reasoning for their inclusion in the project is not strong and the data that would be
generated would be correlative rather than being able to clarify the role of these in the ETBF
pathways as proposed. It will generate pilot data for further combination pathway inhibitor/miRNA
mimic studies.

3. The applicant’s qualifications and ability to undertake the project and complete it
within the stipulated period

The team is appropriately skilled to complete the project and have all of the facilities available to
them to do so successfully. The timeframe of one year may be too ambitious for the amount of work
proposed, particularly with the inclusion of the miRNA aspect.
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4. Your evaluation of the budget components and their justification

Some of the reagents listed appear to be slightly under costed, such as the RNA extraction kit(s)
needed for all of the replicates proposed. The pathway inhibitors are not identified. The inclusion of
salary at 0.8FTE for a Research Fellow to work on the project is justified as there will be a lot of
hands-on work in order to complete all of the analyses proposed in the year term.

5. Overall rating
6

6. Indicate any professional links to the applicant
None

7. Confidential comments for the CMRF Scientific Assessing Committee

Annual report submitted May 2017

1. Brief summary

The first Objective of the project was to investigate whether infection with toxin-producing strains of
Bacteroides fragilis (ETBF) induces chronic inflammation in colonic epithelial cells by a signalling
mechanism involving beta-catenin and IL-8/Stat3. To this end | have cultured two colorectal cancer
cell lines HT29 and HCT116. To these cell cultures, | have performed titration experiments to
determine the optimal multiplicity of infection (MOI) of bacteria and the most appropriate time-points
to use in subsequent experiments. The endpoints measured were the genes coding for IL-8, and IL-8
receptor (CXCR1), and these endpoints were measured using quantitative PCR. IL-8 expression was
increased 4-fold in HT29 cells treated with bacteria after 3 hours while IL-8 receptor expression only
increased after 24 hours in both cell lines (Figure 1). My next step is to block various molecules
involved in beta-catenin and IL-8/Stat3 and repeat the experiments to determine how ETBF feeds
into IL-8 activation, i.e. causes inflammation. The second Objective involves investigating the role of
microRNAs in this process, and | have collected miRNAs from each set of experiments and will
analyse them for changes in levels of miRNAs thought to play a role in gut inflammation.

Annual report submitted May 2017

1. Brief summary

The first Objective of the project was to investigate whether infection with toxin-producing strains of
Bacteroides fragilis (ETBF) induces chronic inflammation in colonic epithelial cells by a signalling
mechanism involving beta-catenin and IL-8/Stat3. To this end | have cultured two colorectal cancer
cell lines HT29 and HCT116. To these cell cultures, | have performed titration experiments to
determine the optimal multiplicity of infection (MOI) of bacteria and the most appropriate time-points
to use in subsequent experiments. The endpoints measured were the genes coding for IL-8, and IL-8
receptor (CXCR1), and these endpoints were measured using quantitative PCR. IL-8 expression was
increased 4-fold in HT29 cells treated with bacteria after 3 hours while IL-8 receptor expression only
increased after 24 hours in both cell lines (Figure 1). My next step is to block various molecules
involved in beta-catenin and IL-8/Stat3 and repeat the experiments to determine how ETBF feeds
into IL-8 activation, i.e. causes inflammation. The second Objective involves investigating the role of
microRNAs in this process, and | have collected miRNAs from each set of experiments and will
analyse them for changes in levels of miRNAs thought to play a role in gut inflammation.

2. Photographs
View an attachment by double clicking the icon to the left of the file name. Icons are not displayed and attachments are not
accessible when this PDF is viewed in a web browser; you must open it in PDF reader software.
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Annual report submitted Mar 2018

1. Brief summary

The first Objective of the project was to investigate whether infection with toxin-producing strains

of Bacteroides fragilis (ETBF) induces chronic inflammation in colonic epithelial cells by a signalling
mechanism involving beta-catenin and IL-8/Stat3. To this end | have cultured two colorectal cancer
cell lines HT29 and HCT116. To these cell cultures, | have performed titration experiments to
determine the optimal multiplicity of infection (MOI) of bacteria and the most appropriate time-points
to use in subsequent experiments. The endpoints measured were the genes coding for IL-8, and IL-8
receptor (CXCR1), and these endpoints were measured using quantitative PCR. IL-8 expression was
increased more than 2-fold in both HT29 and HCT116 cells treated with bacteria or purified bacterial
toxin after 3 hours while IL-8 receptor expression only increased after 24 hours in both cell lines.

The next step was to block various molecules involved in beta-catenin and IL-8/Stat3 and repeat the
experiments to determine how ETBF feeds into IL-8 activation, i.e. causes inflammation. This was
done by pre-treating the cell lines with small-molecule inhibitors of Beta-catenin and Stat3, prior to
treatment with ETBF. Levels of the IL-8 gene and protein were then measured. Our results showed no
difference in IL-8 expression when we blocked Beta-catenin activity, but we found that when we
blocked Stat3 activity, neither ETBF nor its toxin was able to elicit an inflammatory response. In
other words by blocking the Stat3 pathway, we could negate the effect of ETBF on expression of IL-8.
This was seen looking at both the gene levels, using qPCR, and the protein levels using an ELISA
assay.

The second Objective involves investigating the role of microRNAs in this process. We had some
difficulties out of our control in this regard. All of the reagents needed for miRNA experiments were
lost due to a freezer failure. These reagents were replaced in January 2018, and | have just finished
these experiments. | looked at six different miRNAs in cells that were treated/untreated with ETBF or
its toxin. Out of these, two miRNAs: miR-205 and miR-220A were significantly elevated in response
to treatment with ETBF. Further analysis showed that by blocking Beta-catenin, ETBF was unable to
cause an increase in miR-205 expression. Further experiments will need to be done to validate these
miRNA findings and | hope to have this completed by mid-2018. This work adds novel information to
the published data regarding the mechanism of action of ETBF in causing inflammation in colorectal
cells. I hope to have a manuscript prepared for publication later in 2018.

Final report

1. Report for the Scientific Assessing Committee
View an attachment by double clicking the icon to the left of the file name. Icons are not displayed and attachments are not
accessible when this PDF is viewed in a web browser; you must open it in PDF reader software.

$ Final report. CMRF_2019 (002).pdf

88.5 KiB

2. Brief summary

The first Objective of the project was to investigate whether infection with toxin-producing strains
of Enterotoxigenic Bacteroides fragilis (ETBF) induces chronic inflammation in colonic epithelial cells
by a signalling mechanism involving beta-catenin and IL-8/Stat3. To this end | have cultured two
colorectal cancer cell lines HT29 and HCT116 with ETBF and measured changes in gene and protein
expression of IL-8. | found that IL-8 expression was increased more than 2-fold in both HT29 and
HCT116 cells treated with bacteria or purified bacterial toxin. The next step was to block various
molecules involved in beta-catenin and IL-8/Stat3 signalling pathways and repeat the experiments to
determine how ETBF feeds into IL-8 activation, i.e. causes inflammation. | pre-treated the cell lines
with small-molecule inhibitors of Beta-catenin and Stat3, prior to treatment with ETBF and again
measured IL-8 gene and protein expression. | found that when | blocked Stat3 activity, neither ETBF
nor its toxin was able to elicit an inflammatory response. In other words by blocking the Stat3
pathway, we could negate the effect of ETBF on expression of IL-8.

Printed at 6:45pm on Tuesday 13 August 2019 Page 13 of 14



The first Objective of this project was to investigate whether infection with

enterotoxigenic Enterotoxigenic Bacteroides fragilis (ETBF) induces chronic inflammation in
colonic epithelial cells by a signalling mechanism involving beta-catenin and IL-8/Stat3. To
this end | have cultured two colorectal cancer cell lines HT29 and HCT116. To these cell
cultures, | have performed titration experiments to determine the optimal multiplicity of
infection (MOI) of bacteria and the most appropriate time-points to use in subsequent
experiments. The endpoints measured were the genes coding for IL-8, and IL-8 receptor
(CXCR1), and these endpoints were measured using quantitative PCR. IL-8 expression was
increased more than 2-fold in both HT29 and HCT116 cells treated with either bacteria or
purified bacterial toxin (BFT) after 3 hours while IL-8 receptor expression only increased
after 24 hours in both cell lines.

The next step was to block various molecules involved in beta-catenin and IL-8/Stat3 and
repeat the experiments to determine how ETBF feeds into IL-8 activation, i.e. causes
inflammation. This was done by pre-treating the cell lines with small-molecule inhibitors of
Beta-catenin and Stat3, prior to treatment with ETBF. Levels of the IL8 gene and protein
were then measured. Our results showed no difference in IL-8 expression when we blocked
Beta-catenin activity (using a small-molecular inhibitor called B21), but we found that when
we blocked Stat3 activity using an antagonist called Stattic, neither ETBF nor its toxin was
able to elicit an inflammatory response. In other words by blocking the Stat3 pathway, we
could negate the effect of ETBF on expression of IL-8. This was demonstrated both at the
gene level, using gPCR (Figure 1A), and the protein level using an ELISA assay (Figure 1B).

It has previously been shown that purified BFT can cause a loss of cell adhesion, by
disruption of E-cadherin membrane protein. To investigate whether live bacterial culture can
also cause this effect, and whether the mechanism involves STATS3, | used the two CRC cell
lines, and co-cultured the cells with ETBF with/without pre-treatment with STATS3 inhibitor. |
then extracted proteins from the cells and used a Western Blot technique to measure the
levels of a cell membrane protein called E-cadherin, which is crucial for maintaining cell
polarity and is lost as CRC cells become metastatic. | found that ETBF caused a decrease in
E-cadherin (of approximately 50%), but this was not restored by blocking STAT3 (Figure 2).

This shows that loss of E-cadherin caused by ETBF, occurs through a different mechanism
to that of IL-8 activation, i.e. not through STAT3. | also carried out immunofluorescence to
visualise E-cadherin expression after ETBF treatment and STAT3 inhibition. The
immunofluorescence results showed similar findings as Western Blotting with loss of
membrane expression of E-cadherin in response to ETBF, which was not restored by
blocking Stat3 signalling (Figure 3).

The second Objective involves investigating the role of microRNAs in this process. We had
some difficulties out of our control in this regard. All of the reagents needed for miRNA
experiments were lost due to a freezer failure. These reagents were replaced in January
2018, and | completed these experiments in September 2018. | investigated the levels of six
different miRNAs in cells that were treated/untreated with ETBF or its toxin. Out of these, two
mMiRNAs: miR-205 and miR-220A were significantly elevated in response to treatment with
ETBF. Further analysis showed that by blocking Beta-catenin, ETBF was unable to cause an
increase in MiR-205 expression. Further experiments will need to be done to validate these
mMiRNA findings.

This work, funded entirely by CMRF, adds novel information to the published data regarding
the mechanism of action of ETBF in causing inflammation in colorectal cells. | am currently
preparing a manuscript for publication, detailing the findings of this study. Preliminary





findings were presented in Poster format at Queenstown Research Week 2017 and | hope to
present the completed work at NZ microbiological society conference 2019.
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| then used Western Blotting and Immunofluorescence techniques to investigate whether loss of cell
adhesion through disruption of E-cadherin was through Stat3 signalling. | found that ETBF disrupted
E-cadherin but not in a Stat3-dependent manner. This shows that ETBF disrupts cell adhesion and
elicits an inflammatory response through different signalling mechanisms.

The second Objective involves investigating the role of microRNAs in this process. | looked at six
different miRNAs in cells that were treated/untreated with ETBF or its toxin. Out of these, two
miRNAs: miR-205 and miR-220A were significantly elevated in response to treatment with ETBF.
Further analysis showed that by blocking Beta-catenin, ETBF was unable to cause an increase in
miR-205 expression. Further experiments will need to be done to validate these miRNA findings and |
hope to have this completed by mid-2019. This work adds novel information to the published data
regarding the mechanism of action of ETBF in causing inflammation in colorectal cells. A manuscript
detailing these findings is currently being prepared for publication.

3. Photographs
View an attachment by double clicking the icon to the left of the file name. Icons are not displayed and attachments are not
accessible when this PDF is viewed in a web browser; you must open it in PDF reader software.

$ Figure 1A.pdf
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ﬁ Figure 2.pdf

1.5 MiB

$ Figure 3.pdf

1.1 MiB

4. Feedback
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Figure 3. E-cadherin staining in Red and nuclei stained in Blue
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