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Wednesday, 11th March 2020

Special Seminar – D’Ath Lecture Theatre, Hercus Building
1:00pm – 2:00pm

Application of Liquid Biopsy for management of
melanoma

Associate Professor Elin Gray,
Edith Cowan University, Perth

Thursday, 12th March 2020
Workshop 1 – The Atrium, St Margaret’s College
Circulating Tumour Cell Biology and Analysis

Dr Aniruddha Chatterjee and Mr
Sai Vasantrajan,
University of Otago

CTC and other rare cells detection methods and
clinical application

Associate Professor Elin Gray,
Edith Cowan University, Perth

9:00am – 12:00pm

Special Seminar – D’Ath Lecture Theatre, Hercus Building

1:00pm – 2:00pm

The genomics of melanoma subtypes

Dr Felicity Newell,
QIMR Berghofer Medical Research
Institute, Brisbane

Workshop 2 – IT Training Room 1, 270 Leith Walk
2:00pm – 5:00pm

EWAS Analysis Pipeline

Dr Basharat Bhat, Dr Aniruddha
Chatterjee and Professor Greg
Jones,
University of Otago

The above cancelled events have been affected by the evolving COVID-19 situation.
We hope to hold these events, particularly the CTC Workshop, later in 2020 if the
situation improves.

Friday, 13th March 2020
Hutton Theatre, Otago Museum
9:00am – 9:15am

Welcome and Update on EUG

Aniruddha Chatterjee,
University of Otago

Session 1 – Developmental and Immuno Biology

Chair: Aniruddha Chatterjee

9:15am – 10:00am

Melanoma Immunotherapy

Dr Felicity Newell,

10:00am – 10:15am

Epigenetic regulation of Botrylloides
leachii whole body regeneration

Megan Wilson,

10:15am – 10:30am

Understanding epigenetic memory in
the germline: implications for sex
determination and sex change in fish

Tim Hore,

10:30am – 10:35am

Discussion and Chair Summary

10:35am –11:00am

Tea/coffee break

QIMR Berghofer Medical
Research Institute, Brisbane

University of Otago

University of Otago

Session 2 – Cellular and Disease Epigenetics

Chair: Mike Eccles

11:00am – 11:15am

Epigenetics research in Genomics
Aotearoa (and beyond)

Mik Black,

Immune cell oxidants inhibit DNA
methylation in proliferating cells

Andrew Das,

Core misconceptions in Epigenetics

Ian Morrison

11:15am – 11:30am

11:30am – 11:45am

Genomics Aotearoa/
University of Otago

University of Otago,
Christchurch

University of Otago

11:45am – 12:00pm

Long non-coding RNAs as regulators of Sarah Diermeier,
University of Otago
gene expression in cancer

12:00pm – 12:15pm

The potential power of placental
epigenetics

Erin Macaulay,

Cardiometabolic Risk and DNA
Methylation Profiles in The Pasifika
Heart Study

Allamanda Faatoese & Vicky
Cameron,

12:15pm – 12:35pm

University of Otago

University of Otago,
Christchurch

Bus Stop Talks
12:35pm – 12:55pm

Exploring DNA demethylation in naïve
stem cells and cancer

Claudia Davies

Castration delays epigenetic aging in
sheep

Victoria Sugrue

Tissue specific characterisation of the
ovine methylome

Alex Caulton

University of Otago

University of Otago

University of Otago, AgResearch

mRNA & lncRNA expression defines
Antonio Ahn
constitutive & inducible PD-L1 expression University of Otago
in melanoma
12:55pm – 1:00pm

Discussion and Chair Summary

1:00pm – 2:00pm

Lunch

Session 3 – Cellular and Disease Epigenetics 2

Chair: Euan Rodger

2:00pm – 2:45pm

Circulating Tumour Cells: The importance Elin Gray,
Edith Cowan University
of single cell analysis

2:45pm – 3:05pm

Interpreting population epigenome-wide
associations

Greg Jones & Bhasharat Bhat,

Is it possible to identify epigenetic
biomarkers that reflect the
multidimensional nature of health?

Michelle Thunders,

3:05pm- 3:20pm

3:20pm – 3:30pm

University of Otago

University of Otago, Wellington

Short Break

Session 4 – Epigenetic Analysis and Methods 2

Chair: Euan Rodger

3:30pm –3:45pm

Using novel CRISPR technology to edit
DNA methylation

Rob Weeks,

3:45pm – 4:00pm

Statistical issues of methylation analysis

Matt Parry,

University of Otago

University of Otago

4:00pm – 4:15pm

Producing a Pipeline for Methylation
Analysis

Peter Stockwell,
University of Otago

Bus Stop Talks
4:15pm – 4:25pm

4:25pm – 4:40pm
4:40pm – 6:30pm

Per-sample pathway analysis tool for
DNA methylation data

Alessandra Santana

Mechanisms of Active DNA
Demethylation

Issam Mayyas

Summary of Day and Final Discussion

Aniruddha Chatterjee

University of Otago

University of Otago

Poster Session (with cash bar and canapés)

Posters
Antonio Ahn

mRNA and long non-coding RNA expression defines
constitutive and inducible PD-L1 expression in
melanoma and associated with treatment resistance and
response

Priyadarshana Ajithkumar

Epigenomic profiling of colorectal cancer to predict
patients at high risk of metastasis

Rakesh Banerjee

Investigating DNA methylation as a mechanism for gene
activation using gene editing technology

Alex Caulton

Tissue specific characterisation of the ovine methylome

Claudia Davies

Exploring DNA demethylation in naive stem cells and
cancer

Nilanjan Ghosh

Therapeutic modulation of microRNA-320 using
CRISPR/Cas9 to prevent apoptosis in high glucose
cultured human ventricular cardiomyocytes

Kathleen Lucere

Targeting long non-coding RNAs to inhibit tumor
progression and metastasis in colorectal cancer

Chi Lynch-Sutherland

Reawakening the developmental origins of cancer
through transposable elements

Issam Mayyas

Mechanisms of Active DNA Demethylation

Megan O’Malley

CRISPRi Screening to Identify lncRNAS as Novel
Therapeutic Targets in Triple-Negative Breast Cancer

Ryan Powell

Epigenetic investigations in LAM:
biomarkers to trace cell lineage

Alessandra Santana

Per-sample pathway analysis tool for
DNA methylation data

Jim Smith

Technical Aspects of CRISPR-Methylation Editing

Victoria Sugrue

Castration delays epigenetic aging in sheep

Sai Shyam Vasantharajan

Circulating tumour cells (CTCs) as a model to identify
tumour-specific epigenetic signatures of metastasis in
colorectal cancer

using

heritable

Abstracts
Keynote Speakers:
Melanoma immunotherapy
Felicity Newell, QIMR Berghofer Medical Research Institute, Brisbane
Immune checkpoint inhibitors of CTLA-4, PD-1 and PD-L1 have had a significant
effect on the survival of patients with metastatic melanoma. However, not all
patients will respond and it is therefore important to understand the features
underlying response or resistance. In this presentation, I will discuss the analysis
of 91 tumours from metastatic melanoma patients who were later treated with
anti-CTLA-4 and/or anti-PD-1 inhibitors. Whole genome sequencing was
performed for all samples along with transcriptome sequencing, methylation
arrays and immunohistochemistry of PD-L1 and CD8+ T cells for subsets of the
tumours. I will show that, in agreement with previous studies, tumour mutational
burden, IFNg related expression, PD-L1 expression and the presence of CD8+ T
cells in the tumour microenvironment are associated with response to
immunotherapy.
Circulating Tumour Cells: The Importance of Single Cell Analysis
Elin Gray, Edith Cowan University, Western Australia
Cancer cells that detach from the primary tumour and intravasate into the
bloodstream are referred as circulating tumour cells (CTCs). A proportion of these
cells will generate distant metastases. The discovery of CTCs has heralded the
development of a non-invasive biopsy that can be used as prognostic and
prediction biomarkers. Tumour heterogeneity refers to the genetic and phenotypic
differences between tumour cells within or between tumours. CTCs also exhibit
this heterogeneity. Thus, characterisation of heterogeneity among CTCs at the
single cell level may be useful to better understand the causes and progression of
disease and for an accurate selection of molecular prognostic/prediction markers.
Worldwide efforts have been made to molecularly profile the tumour
microenvironment as well as CTCs at single cell level including RNA, DNA,
protein and epigenetic events.

Invited Speakers:
Epigenetic regulation of Botrylloides leachii whole body regeneration
Megan J Wilson, Lisa Zondag, Rebecca Clarke
Department of Anatomy, University of Otago, Dunedin, New Zealand
The colonial tunicate Botrylloides leachii is exceptional at regenerating from a
piece of vascular tunic after loss of all adults from the colony. Previous
transcriptome analyses indicate a brief period of healing before regeneration of a
new adult (zooid) in as little as 8-10 days. However, there is little understanding of
how the resulting changes to gene expression, required to drive regeneration, are
initiated and how the overall process is regulated. Rapid changes to transcription
often occur in response to chromatin changes, mediated by histone modifications
such as histone acetylation. Here, we investigated a group of key epigenetic
modifiers, histone deacetylases (HDAC) that are known to play an important role
in many biological processes such as development, healing and regeneration. We
identified and quantified the expression levels of HDAC and histone
acetyltransferase (HAT) enzymes during whole body regeneration (WBR). HDAC
inhibition prevented the final morphological changes normally associated with
WBR and resulted in aberrant gene expression. B. leachii genes including Piwi
showed altered mRNA levels and cell type expression upon HDAC inhibition in
comparison to the control samples. Together, these results show that HDAC
function, specifically HDAC I/IIa class enzymes, are vital for B. leachii to undergo
WBR successfully.
Understanding epigenetic memory in the germline: implications for sex
determination and sex change in fish
Oscar Ortega-Reclade, Tim Moser, Erica V. Todd, Neil J. Gemmell and Timothy A.
Hore*
1
Department of Anatomy, University of Otago, Dunedin, NZ.
We recently discovered that, unlike mammals, the germline of zebrafish does not
undergo genome-wide erasure of DNA methylation during development (Ortega et
al, 2019), implying fish may have an additional conduit for biological information
to transfer between generations. An unintended outcome of this work was the
discovery that unmethylated ribosomal DNA is massively amplified in the female
zebrafish germline during sex determination. We are now testing the significance
of both these results using epigenetic modification in zebrafish and are exploring
additional fish models such as the New Zealand spotted wrasse (Notolabrus
celidotus).

Epigenetics research in Genomics Aotearoa (and beyond)
Associate Professor Mik Black,
Genomics Aotearoa / University of Otago
Genomics Aotearoa (GA) represents a major national initiative to build
genomics capability New Zealand. The Otago-led entity comprises nine major
University and Crown Research Institute partners, along with a large number of
affiliate organisations. Research funded by GA falls across the three themes of
Environment, Health, and Primary Production, with multiple projects siting
within each of these broad areas. In addition to research, capability-building
through training is a major activity for GA, much of which is being delivered in
partnership with the New Zealand eScience Infrastructure (NeSI). Epigenetics is
a key component of the GA research platform, and this talk will provide an
overview of current GA-funded projects in this space, as well as providing
information about resources and training opportunities that are available. Timepermitting, I will also touch on some exciting non-GA epigenetics research that I
am involved in.
Immune cell oxidants inhibit DNA methylation in proliferating cells
Das, A.B.1, O’Connor, K.M.1, Stevens A.J.1, Seddon, A.R.1, Winterbourn C. C.1,
Hampton M.B.1
1
Department of Pathology and Biomedical Science, University of Otago,
Christchurch, NZ
Excessive generation of oxidants by immune cells damages host tissue. One
mechanism by which oxidant exposure could have long-term impact on cell
function is through modulation of epigenetic pathways. We hypothesized that
methylation of newly synthesized DNA in proliferating cells is altered by
oxidants that target DNA methyltransferase (DNMT) and deplete S-adenosyl
methionine (SAM). The impact of hydrogen peroxide and glycine chloramine on
maintenance DNA methylation in Jurkat T-lymphoma cells was investigated.
Cell synchronization and mass spectrometry was used to measure heavy
deoxycytidine isotope incorporation into newly synthesized DNA. Significant
inhibition of methylation by a sub-lethal bolus of glycine chloramine was
observed, but not hydrogen peroxide. Both oxidants inhibited DNMT1 activity,
but only the chloramine depleted SAM levels, suggesting the combination of
targets was optimal for inhibition of methylation. These results indicate that
oxidants generated during inflammation can impact the epigenome of
neighbouring cells.

Long non-coding RNAs as regulators of gene expression in cancer
Diermeier S.D1.
1
Department of Biochemistry, University of Otago, Dunedin, NZ
Recent genome-wide studies revealed that 1-2% of the human genome encodes
for proteins, while as much as 50% of the genome can be transcribed. Of these
"non-coding" transcripts, long non-coding RNAs (lncRNAs) represent the largest
and most diverse class. LncRNAs can be spliced and polyadenylated, lack a
significant open reading frame, and are expressed in a tissue-specific manner.
They have been implicated as regulatory molecules in a variety of cellular
functions, including epigenetic gene regulation, splicing, mRNA stability and
translation. However, a detailed molecular mechanism is lacking for most
lncRNAs.
We identified lncRNAs that act as drivers of breast and colorectal cancer, with a
particular focus on tumor progression and metastasis, by applying bioinformatic
analysis of patient data followed by CRISPRi screening. We further characterized
the newly identified, potentially oncogenic transcripts using a variety of
methods including single molecule RNA-FISH, RNA-seq and pulldown
experiments to identify genomic and protein binding partners.
Our results suggest that we identified lncRNAs that act as important drivers of
tumor progression, which represent promising new therapeutic targets in cancer.

The potential power of placental epigenetics
Macaulay, E.C.1, Almomani S.1, Lynch-Sutherland C.F.1, Bessemer B.1, Chatterjee
A.C.1, Alsaleh A.A.1, Stockwell P.A.1, Ludgate J.L.1, Weeks R.J.1, Jones, G.T.4,
Day R.C.2, Fukuzawa R.1,3, Slatter T.L.1, Hung N.A.1, Devenish C.5, Morison
I.M.1 and Eccles M.R.1
1Department

of Pathology, University of Otago, Dunedin School of Medicine,
New Zealand 2Department of Biochemistry, University of Otago, Dunedin, New
Zealand 3Department of Pathology, International University of Health and
Welfare, School of Medicine, Narita, Japan 4Department of Surgical Sciences,
University of Otago, Dunedin School of Medicine, Dunedin, New Zealand
5Women’s and Children’s Health, Dunedin School of Medicine, Health
Sciences, University of Otago, Dunedin, New Zealand
Epigenetic modifications in the human placenta may inform early-life diseases
that stem from pregnancy, and later-life diseases including cancer. Pre-eclampsia
is a dangerous pregnancy condition caused by abnormal placental
development, which can cause lifelong health complications for both mother
and child. We have identified aberrant placental DNA methylation in multiple
pre-eclamptic cohorts using genome-wide and targeted DNA methylation
analyses. We aim to confirm a DNA methylation signature of pre-eclampsia that
can be used clinically to improve health outcomes for mothers and infants.
Furthermore, the epigenetic and phenotypic similarities of placental and cancer
cells may reveal placental-derived mechanisms that are used by somatic cells to
promote malignancy. We are using the placenta as a model for cancer,
examining the activation of placental retrotransposon-derived genes. The
overarching aim of our research is to use the epigenetic landscape of the
placenta to better inform our evolving paradigms of early- and later-life disease.
Cardiometabolic Risk and DNA Methylation Profiles in The Pasifika Heart Study
Allamanda F Faatoese & Vicky A Cameron
New Zealand’s (NZ) Pacific population has higher rates of obesity, type 2
diabetes (T2DM) and cardiovascular disease, and are affected at younger ages
than other NZ ethnic groups. The Pasifika Heart Study recruited 200
Christchurch-based Pacific adults, and reported high rates of obesity (85%) and
diagnosed T2DM (15%) with an additional 5% with undiagnosed diabetes. This
dataset contains rich data on cardiovascular and diabetes risk factors, blood
biomarkers, and key environmental exposures that influence metabolic health,
including nutritional data obtained through food frequency questionnaires
(FFQ). We have recently analysed DNA methylation profiles in the Pasifika
Heart Study participants. Those data confirmed previously known sites of altered
methylation associated with diabetes and smoking, and indicate potential new
markers associated with BMI, blood pressure, gout and vitamin C status. This
study provides a baseline of DNA methylation profiles in a Polynesian sample
from the general population.

Interpreting population epigenome-wide associations
Greg Jones and Basharat Bhat
Department of Surgical Sciences, Dunedin Medical Campus, University of
Otago and Genomics Aotearoa.
This talk will use several examples from locally performed epigenome-wide
association studies (EWAS) to discuss how to interpret the resulting CpG site
methylation patterns. Issues discussed will include; whether or not to adjust for
confounders (age, sex, cell composition, environmental factors…), identifying
methylation quantitative trait loci (CpG sites influence by genetic
polymorphisms), the use and potential problems with ‘epigenetic clocks’ and
meta-methylation scores (principal component analysis). The use of singular
value decomposition to identify significant independent components of variation
and the phenotypes they associated they will be demonstrated (figure).

Is it possible to identify epigenetic biomarkers that reflect the
multidimensional nature of health?
Michelle Thunders
Department of Pathology and Molecular Medicine, University of Otago,
Wellington.
Human health is complex with lifestyle factors such as diet, exercise, sleep and
wellbeing inextricably linked and equally important to good health. The ability
to demonstrate epigenetic changes arising from a health intervention can
provide key information on the relationship between gene regulation, human
behaviour and health. We developed a 6 month multifaceted lifestyle
intervention for women and investigated whether there were detectable
methylation changes accompanying positive changes in health promoting
behaviours. Methylation data were obtained by Reduced Representation
Bisulfite Sequencing of 20 intervention participants. Participants were assessed
as either Good or Weak responders to the 6 month intervention, with good
responders having a sustained increase of at least 6 health promoting behaviours
post intervention. The Differential Methylation Analysis Package (DMAP) was
used to investigate differential methylation in the participants of the
intervention, specifically between the two responder groups and to identify
potential targets of transient epigenetic control.
Using novel CRISPR technology to edit DNA methylation
Robert J. Weeks1, James Smith1, Rakesh Banerjee1, Antonio Ahn1, Robert Day2,
Aniruddha Chatterjee1, Michael Eccles1
1Department of Pathology, Dunedin School of Medicine, University of Otago;
2
Cancer Genetics Laboratory, Department of Biochemistry, University of Otago.
Using reduced representation bisulfite sequencing, we discovered that dense
methylation of the EBF3 gene promoter is common in metastatic melanoma but
absent in primary melanoma samples. Surprisingly, methylation of the EBF3
promoter is correlated with high EBF3 expression in melanoma cell lines and
we demonstrated reduced EBF3 expression after decitabine-induced
demethylation. In addition, siRNA knockdown of EBF3 in metastatic cell lines
inhibited proliferation, migration and invasion or ‘metastasis-like’
characteristics, confirming the role of EBF3 in melanoma metastasis.
EBF3 joins a select group of genes in which high methylation has been shown to
activate transcription in certain contexts. To investigate the mechanism by which
promoter methylation induces expression of EBF3 in metastatic melanoma
requires a targeted approach. Using a modified CRISPR-based system, we are
able to target methylation modifier proteins to specifically demethylate the EBF3
promoter. High-throughput bisulfite sequencing data has confirmed the
effectiveness of our demethylation targeting strategy.

Statistical issues of methylation analysis
Dr Matthew Parry
Dept of Mathematics & Statistics, University of Otago
Many of the goals of methylation analysis can be formulated in terms of
statistical procedures. For example, detection of differentially methylated
regions is a problem in discrimination; predicting case from control is a problem
in classification. The challenges from a statistical perspective are threefold. First,
methylation data is typically quite “noisy”. Second, we are looking to
incorporate it with other datasets, e.g. gene expression and micro RNA. The
third challenge is perhaps the most difficult: methylation patterns are correlated
in distance and by region. This means that we have to go beyond simple
statistical tests to undertake serious statistical modelling. In this talk, I will give a
survey of recent modelling approaches and discuss what are the most promising
directions for immediate research.

Producing a Pipeline for Methylation Analysis
Peter A. Stockwell
Department of Pathology, University of Otago Medical School
A number of factors led to the creation of DMAP (the Differential Methylation
Analysis Package). Particularly important were execution speed, the ability to
process RRBS and WGBS data, to handle multiple samples and to run effectively
on readily available hardware. DMAP includes an efficient adaptor trimming
tool, especially tailored for RRBS data. Other bisulphite mapping applications
are employed (usually bismark). As projects developed, a range of different
statistical methods were incorporated into the central analysis package. It was
important to have robust methods for relating differentially methylated regions to
associated genomic features, including genes, transcription start sites and CpG
islands. Various sources of genomic feature information can be used by DMAP
for this purpose

Bus Stop Talks:
Exploring DNA demethylation in naive stem cells and cancer
Davies, CI1; Kardailsky, O1; Morison, I2; Hore, TA1
1 Department of Anatomy, School of Biochemical Sciences, University of Otago,
New Zealand
2 Department of Pathology, Dunedin School of Medicine, University of Otago,
Dunedin, New Zealand
Many cancers are subject to global hypomethylation that is superficially similar to
demethylation in naïve pluripotent stem cells and in the germline [1]. Like
pluripotent stem cells, cancers have increased capacity for proliferation and
transformation into divergent cell types, an ability, that may be driven by global
hypomethylation of the genome. We analysed DNA from Wilms tumours (a
childhood cancer affecting kidney), and found those with mutations stabilising the
beta-catenin protein were globally significantly more demethylated than other subtypes. Cultured naïve pluripotent stem cells also feature stabilised beta- catenin,
and we are currently testing if this drives DNA demethylation in both systems.
Additional bisulfite-sequencing analysis identified that the uncharacterised gene
ZNF595 has a striking regulatory association with specific forms of Wilms Tumour.
Given that ZNF595 is also mutated in some Wilms tumours, we predict it
contributes to Wilms tumour etiology; a hypothesis we are currently testing.
[1]. Ehrlich M. DNA hypomethylation in cancer cells. Epigenomics. 1(2), 239–59
(2009).

Castration delays epigenetic aging in sheep
Sugrue, VJ1; Zoller, J2; Lu, A3; Horvath, S3; Hore, TA1.
1
Department of Anatomy, School of Biomedical Sciences, University of Otago,
Dunedin, New Zealand.
2
Department of Biostatistics, Fielding School of Public Health, University of
California, Los Angeles, California, USA.
3 Department of Human Genetics, David Geffen School of Medicine, University of
California, Los Angeles, California, USA.
Epigenetic clocks are powerful mathematical tools capable of estimating biological
age with incredible precision using only DNA methylation. In this study, we
developed an epigenetic clock for sheep (Ovis aries) which can predict age with a
median absolute error of 3.5 months. This allowed us to assess the effect of
castration upon the “ticking rate” of the epigenetic clock. Our findings show that
castrated males have a decelerated intrinsic aging rate compared to intact males
(p=0.01). In contrast with previous evidence suggesting a longevity advantage in
female sheep, we find a higher, albeit non- significant, degree of age acceleration
in females compared to intact males (p=0.70). Furthermore, we identify several
androgen-sensitive CG dinucleotides that become progressively demethylated with
age in intact males but remain stable in castrated males and females. Many of
these loci sit within genes with known androgen dependent regulation, including
MKLN1 (p=1.05E-27) and ZBTB16 (p=2.16E- 05). This work represents the first
epigenetic clock created in a livestock species and provides evidence that
castration slows epigenetic aging.
Tissue specific characterisation of the ovine methylome
Alex Caulton 1,2, Rudiger Brauning1, Shannon M. Clarke1 and the Ovine Faang
Project3
1AgResearch, Invermay Agricultural Centre, Mosgiel, New Zealand
2University of Otago, Dunedin, New Zealand
3 University of Idaho, Moscow, Idaho, United States of America
Whilst high quality reference genomes are now available for the majority of
livestock species, comparatively little is known about the regulatory elements that
drive functional phenotypic variation. As part of the Ovine FAANG project, an
international consortium established to provide a comprehensive annotation of the
ovine genome, we have employed whole genome bisulfite sequencing at 20x
coverage to achieve single nucleotide resolution of DNA methylation across six
tissue types in sheep. This data has been analysed in parallel with a high-resolution
map of transcription start sites and validated with RNA-seq expression data
generated for the same set of tissues. In addition, we are producing reduced
representational methylation profiles for an extended set of 56 tissue types. This
work contributes to the comprehensive and robust annotation of the ovine genome
as a resource to advance our understanding of the genetic control of economically
important traits in livestock.

mRNA and long non-coding RNA expression defines constitutive and inducible
PD-L1 expression in melanoma and associated with treatment resistance and
response
Ahn, A.1, Rodger, E.J.1,2, Stockwell P.A.1 , Parry M.3, Motwani J.1 , Gallagher S.J.4,
Shklovskaya E.4, Tiffen J.4 , Hersey P.4 , Chatterjee, A.1,2,† Eccles, M.R.1,2,†
1
DepartmentofPathology,UniversityofOtago,Dunedin,NZ.
2 MauriceWilkinsCentre,NZ.
3
DepartmentofMathematics&Statistics,University of Otago.
4
TheCentenaryInstitute, University of Sydney
†
Joint senior authorship
Targeted and immune based treatment have revolutionised melanoma therapy.
Advances in targeted therapy have been based on inhibition of the hyperactive
MAPK pathway in BRAF mutant melanomas. Whereas for immunotherapy,
advances have been primarily based on blocking the effects of PD-L1, an immune
suppressive protein that is expressed on the surface of cancer cells. However,
treatment resistance is currently the greatest problem for both targeted and
immune checkpoint blockade therapy which strongly warrants better insight into
the underlying resistance mechanism. Recently it was shown that in melanoma
cell lines, PD-L1 expression can be intrinsically upregulated upon development of
resistance to MAPK pathway inhibitors. However, how PD-L1 expression increases
upon resistance to MAPK pathway inhibition is currently unclear. Here we
investigated the transcriptome (using RNA-seq) of seven melanoma cell lines with
constitutive PD-L1 expression and ten melanoma cell lines with a relatively low
PD-L1 expression (otherwise known as inducible PD-L1). We found that cells with
constitutive PD-L1 expression have a reprogrammed transcriptomic state with a
vastly distinct protein-coding and lncRNA expression pattern. This reprogrammed
transcriptomic state of constitutive PD-L1 samples were characterised with a
dedifferentiated state that is associated with resistance to MAPK pathway
inhibitors. Moreover, a reduced oxidative phosphorylation and an activated viral
mimicry gene expression signature were identified. Investigation into transcription
factors (TFs) showed a number of TFs that modulates differentiation and promote
PD-L1 transcription were significantly altered in expression. LncRNAs in the near
genomic proximity (within 100 kilobases) of these TFs were also differentially
expressed. Furthermore, by analysing external datasets, we found that constitutive
PD-L1 expression is upregulated when treatment resistance to MAPK pathway
inhibitors is regulated by transcriptome reprogramming as opposed to when
resistance is regulated by MAPK pathway reactivation via genetic mutations.
Overall this supports the early upfront combination therapy with both MAPK
pathway inhibitors and anti-PD1 immunotherapy in order to improve patient
responses.

Per-sample pathway analysis tool for DNA methylation data
Santana, A.F.1,2, Benton, M.C.1 , Macartney-Coxson, D.1, Black, M.A.2
1
Human Genomics, Institute of Environmental Science and Research (ESR),
Porirua, New Zealand,
2
Department of Biochemistry, University of Otago, Dunedin, New Zealand.
Pathway enrichment analysis plays an important role in the understanding of
biological processes and diseases. Such analyses interrogate defined sets of
differentially methylated CpG sites and/or differentially expressed genes,
evaluating whether changes to members of biological pathways are occurring by
chance or not, indicating the potential biological relevance of these functional
groupings. In the DNA methylation context, traditional paired or case:control
designs are statistically tested to investigate which methylation sites are
significantly altered across samples. However, due to the implementation and
design of such tests, per sample analyses are infeasible. Moreover, unlike gene
expression, methylation data can skew pathway analysis results if not properly
processed, as CpG probes are generally unevenly distributed across genes.
Consequently, genes with a large number of probes have a higher probability to
exhibit differential methylation, and hence reported perturbed pathways are likely
to include false positive results. We propose a novel pathway analysis tool for
DNA methylation data, which enriches gene sets and analyses pathways disruption
on a per-sample basis, and reduces the bias from CpG-to-gene mapping. This is a
flexible approach that can apply different categorisation techniques to methylation
signals (beta values) creating CpG sets. These are then converted into gene sets
after adjustment using one of the multi-mapping bias methods developed. The final
output is then enriched for pathway membership. To assess statistical significance,
a resampling step is performed to evaluate whether enriched pathways are robust
or if they could have been randomly obtained. This tool is under development and
will be made available as an R package.

Mechanisms of Active DNA Demethylation
Issam Mayyas
University of Otago
While, every cell in an organism is genetically identical there are marked
phenotypic differences between tissues and organs that are controlled by
epigenetic modifications. The most stable epigenetic modification is methylation of
cytosine. Many cancers show significant global loss of methylation. Our research
investigates the mechanism of changes in DNA methylation using a barcoded
hairpin-bisulphite sequencing technique. We have observed rapid demethylation in
cultured Jurkat cells (T cell leukaemia) implicating novel mechanisms of active
demethylation that have not yet been recognised by researchers in the field.
Furthermore, from single-gene to global investigation, we have found global loss of
DNA methylation in different leukaemia cell lines following ascorbate and DNMT
inhibitor treatment, as well as a significant increase in 5-hydroxymethyl cytosine. It
is likely that the demethylation pathways that we are studying operate during the
onset of cancer and the existence of molecules that alter TET activity may have
implications for modification of this process.
Posters:

(all bus stop talks will also be presented as posters)

Epigenomic profiling of colorectal cancer to predict patients at high risk of
metastasis
Priyadarshana Ajithkumar, Prof. John McCall, Prof. Parry Guilford, Dr Sharon
Pattison, Dr Euan Rodger and Dr Aniruddha Chatterjee
Colorectal cancer (CRC) is the second-highest cause of cancer-related death in
New Zealand, and 90% of CRC-associated mortality is caused by metastasis.
Epigenetic alterations have a greater contribution to metastasis than genetic
mutations, but the current understanding of epigenetic drivers (ED) and changes
involved in CRC metastasis remain obscure. In this project, whole-genome
methylation and transcriptome profiles from paired primary and metastatic samples
will be compared to identify metastasis-related ED. Circulating tumour cells (CTCs)
represent the conduit between primary and metastatic tumours. Single-cell
sequencing can be used to identify ED changes in individual CTCs. In the current
study, protocols for single-cell DNA methylation and expression analysis will be
developed. The optimised protocols will then be applied to CTCs isolated from
patient blood to identify epigenetic changes that predispose patients to metastasis.
Identification of ED will help to detect individuals at high-risk for metastasis,
before metastasis occurs, being clinically apparent.

Investigating DNA methylation as a mechanism for gene activation using gene
editing technology.
Rakesh Banerjee, Jim Smith, Peter Stockwell, Mike Eccles, Robert weeks,
Aniruddha Chatterjee
Department of Pathology, University of Otago, Dunedin campus
DNA methylation is an epigenetic regulator of gene expression. Hypermethylation
at gene promoters has been widely established as a strong down-regulator of gene
expression. However, recent studies have demonstrated the opposite phenomenon,
where high gene expression occurs in the presence of detectable promoter
hypermethylation, raising the possibility that promoter methylation may activate
gene expression in certain contexts. Established methods for investigating
methylation in gene commonly involve the use of demethylating agents such, as 5azacytidine, which act globally, altering methylation levels in a non-specific
manner. Thus, in order to precisely investigate the activating role of promoter
hypermethylation, we employ a novel methylation-editing approach using CRISPRbased editing technology. Our modified system utilises a deactivated Cas9 protein,
allowing for manipulation of methylation at a specific genomic locus. Prior
investigation of the gene EBF3 identified this association of promoter
hypermethylation and transcriptional activation. Here, I describe the use of our
CRISPR-methylation system to induce site-specific demethylation within the
promoter region of EBF3.
Therapeutic modulation of microRNA-320 using CRISPR/Cas9 to prevent
apoptosis in high glucose cultured human ventricular cardiomyocytes
Nilanjan Ghosh1, Robert Weeks2, Rob Day3, Isabelle van-Hout1, Sean Coffey4,
Michael J Williams4, Philip Davis5, Aniruddha Chatterjee2, Rajesh Katare1
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Background: Diabetic cardiomyopathy is a multifactorial disease and recent
studies identified the involvement of small non-coding RNA molecules such as
microRNAs playing a key role in the etiology of this disease. MicroRNA-320
expressed especially in cardiomyocytes and microvascular endothelial cells, plays
pro-apoptotic role by targeting pro-survival insulin growth factor-1 (IGF-1).
Purpose: To investigate if knockdown
of microRNA-320 could improve
cardiomyocyte apoptosis. Methods: MicroRNA-320 expression was evaluated in
human right atrial appendage tissue, age matched (8 to 32 weeks old) type-2
diabetic db/db mouse and control lean db/db mouse and in high glucose cultured
AC-16 cardiomyocytes. CRISPR/Cas9 was used to knockout the stem-loop genomic
sequence of microRNA-320 and target protein with apoptotic activity was
evaluated. Results: Diabetes or high glucose treatment significantly upregulate
microRNA-320 expression, which was associated with downregulation of IGF-1.
This correlated to increased apoptotic cell death. In response to CRISPR/Cas9
treatment, the expressions were reversed in AC-16 cells. Conclusion: Modulation
of microRNA-320 prevents apoptosis in cardiomyocytes.

Targeting long non-coding RNAs to inhibit tumor progression and metastasis in
colorectal cancer
Kathleen M. Lucere1, Ashleigh J. Frewen1, Michael A. Black1, Sebastian Schmeier2,
Sarah D. Diermeier1
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Colorectal Cancer (CRC) is a prominent lethal disease worldwide and is the
second leading cause of cancer related deaths in New Zealand. In order to
increase overall CRC survival rates, new molecular targets must be investigated.
One class of such novel markers that have been previously discovered as
dysregulated in cancer are long non-coding RNAs (lncRNAs). LncRNAs are defined
as non-coding RNA molecules greater than 200 nucleotides in length that lack an
open reading frame. Here, we aim to generate a catalog of lncRNAs driving CRC
tumor progression and metastasis. We analyzed RNA sequencing data from patient
derived CRC which revealed lncRNAs differentially expressed in CRC associated
with patient survival. We are now validating these results by targeting lncRNAs upregulated in CRC through functional viability screens using CRISPR mediated
interference (CRISPRi) in vitro. These candidates will be investigated as new
therapeutic targets for CRC and provide the basis for future clinical trials.

Reawakening the developmental origins of cancer through transposable elements
Lynch-Sutherland, C.F. 1, Stockwell, P.A. 1, Eccles, M.R. 1,2, Chatterjee, A. 1,2,
Macaulay, E.C. 1,
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Dedifferentiation and loss of cellular identity is recognised as a hallmark feature of
cancer cells. This process is characterised by genetic and epigenetic changes that
enable a phenotype of proliferation, self-renewal and a metabolism reminiscent of
embryonic stem cells. The placenta provides a unique window into this early
embryonic stage and shows further striking similarities to tumours in terms of its
ability to invade and immunosuppress. There is compelling evidence to support
that the path to dedifferentiation in cancer can contribute to invasion and
metastasis. Transposable elements (TEs) are important regulators of early human
development, functioning as tissue-specific genes and regulatory elements. TEs are
active during early development, and interact with important developmental
genes, some of which also function as oncogenes. TEs are frequently expressed in
cancer, and recent work has identified a new mechanism involving the recruitment
of TE-derived promoters to drive expression of oncogenes – termed oncoexaptation. This project seeks to document the abundance and diversity of
transcriptionally active TEs in the human placenta and early embryo and reveal the
functional role of these elements in cancer. We have developed a bioinformatic
pipeline to identify functional TEs in the placenta and early embryo. Expression of
these elements has also been investigated in melanoma revealing that they are
upregulated in comparison to corresponding somatic tissue. Currently we are
investigating the mechanism which permits activation of these TEs in cancer, and
deciphering the functional role they may play in invasion and metastasis. We
expect that reactivation of these genes and regulatory elements occurs as a
consequence of dedifferentiation-associated epigenetic changes and may drive
further dedifferentiation of tumours. Moreover, the specificity of these elements to
early development and cancers makes them valuable potential diagnostic and
therapeutic targets.

CRISPRi Screening to Identify lncRNAS as Novel Therapeutic Targets in TripleNegative Breast Cancer
Megan O’Malley and Sarah D. Diermeier
Department of Biochemistry, University of Otago, P.O. Box 56, Dunedin 9054,
New Zealand
Triple-negative breast cancer (TNBC) is a subtype of breast cancer classified by a
lack of clinically significant levels of estrogen receptor (ER), progesterone receptor
(PR) and human epidermal growth factor receptor 2 (HER2) in the patient’s
tumours. As a result, most TNBC patients cannot be treated by targeted therapies.
In recent years, long non-coding RNAs (lncRNAs) have emerged as new potential
therapeutic targets in cancer treatment. LncRNAs are a subtype of non-coding
RNAs classified by a length of > 200 nt. By definition, they lack a significant open
reading frame which means they are not translated into proteins. Hundreds of
lncRNAs have recently been discovered as key players in at least one of the
hallmarks of cancer. We aim to assess the biological importance of lncRNAs in
TNBC progression and metastasis.
We performed CRISPR interference (CRISPRi), a CRISPR/Cas9 system which uses a
catalytically inactive Cas9 protein, to achieve transcriptional repression in MDAMB-231-LM2 cells. We confirmed successful integration of the CRISPRi system
into the TNBC cells and validated that the system is effective at silencing both
protein-coding and lncRNA genes in vitro. We then performed two viability
screens using gene specific single guide RNAs (sgRNAs) to assess the impact of
lncRNAs on TNBC cell growth. The first screen targeted 2,913 lncRNA genes
specific to breast cancer. The second screen was custom designed to target the top
100 lncRNAs overexpressed in TNBC patients based on data from The Cancer
Genome Atlas (TCGA). Illumina sequencing was used to measure sgRNA
enrichment following 20 days of growth (T20). Candidate genes were selected
based on the following criteria: significant depletion of all 10 sgRNAs in the T20
sample, located within an intergenic region, contains no repetitive sequences, high
expression in TNBC tissue and low expression in healthy tissue. Based on these
stringent criteria a candidate gene, LncTNBC1, was chosen as a potential driver of
TNBC cell growth. CRISPRi knockdown mutants of LncTNBC1 were created in
MDA-MB-231-LM2 cells and compared to control cell lines in regard to key
aspects of cancer progression such as cell proliferation, migration and invasion.
The overall aim of this research is to identify a specific lncRNA gene as a key
driver in TNBC cell grow to allow for the future development of a novel targeted
therapy.

Epigenetic investigations in LAM: using heritable biomarkers to trace cell lineage
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Sporadic-Lymphangioleiomyomatosis (LAM) is a rare yet debilitating cancer,
almost exclusively affecting women during their childbearing years. The disease
manifests following the invasion and proliferation of atypical smooth muscle-like
cells of unknown origin within the lungs. Although relatively benign in
appearance, the cells become highly proliferative and metastatic following
estrogen and progesterone stimulation, facilitating cystic lung degradation. The
combination of the diseases’ extremely sexual dimorphic occurrence with the
presence of both estrogen and progesterone receptors strongly suggests a femalespecific tissue origin for LAM. We are using DNA methylation, a heritable
chemical modification to DNA, to reveal clues about the female-specific cell of
origin for LAM. DNA methylation profiling is becoming increasingly valuable in
the clinic to successfully trace the cell lineage of cancers with an unknown
primary origin. Thus, we aim to generate the first genome-wide DNA methylation
profile for LAM and compare it to that of female-specific tissues. We are using the
850K MethylationEPIC array platform and tracing cell lineage by using regularised
logistic regression modelling. Our pilot study successfully generated DNA
methylation profiles for LAM, control lung and uterine samples that were
preserved using varied histological techniques. Our preliminary results identified
101 differentially (>50%) methylated sites between LAM and control lung samples
(minimum p-value = 1x10-8), 25 of which displayed high concordance between
LAM and uterine samples with <10% differences in mean methylation. Additional
experiments are currently underway to confirm and increase the power of this
data, using a larger LAM cohort. The DNA methylation data generated by this
project will be the most extensive epigenetic investigation in LAM to date. The
identification of epigenetic aberrations within LAM may not only provide clues of
cellular origin of this rare female-specific cancer, but may also identify novel
targets for future therapies, which are drastically required for this currently
incurable disease.

Circulating tumour cells (CTCs) as a model to identify tumour-specific epigenetic
signatures of metastasis in colorectal cancer.
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Colorectal cancer (CRC) accounts for 4 deaths per day in New Zealand, which is
the highest rate in the world. Metastasis is responsible for poor survival rates,
highlighting the need for earlier detection. Circulating tumour cells (CTC) are
metastatic seeds that arise from solid tumours and their detection in peripheral
blood (PB) has the potential to improve CRC management. However, the role of
CTCs in metastasis is largely unknown as their low numbers in PB of CRC patients
makes them difficult to study. As the many platforms tested for isolating CTCs have
not been successful, establishing a cost-effective method for isolation is necessary
to enable CTCs to be studied in more detail. Two size-based methods will be
assessed to optimise a method to isolate CTCs from CRC patients. These will be
used to generate methylomes and transcriptomes to identify the key epigenetic
changes which play causal role in metastasis.
Technical Aspects of CRISPR-Methylation Editing
Jim Smith, Rakesh Banerjee, Rob Weeks, Aniruddha Chatterjee
DNA methylation is a stable epigenetic modification with an established role in
the regulation of gene expression. Classically, dense hypermethylation of promoter
regions is associated with transcriptional repression; however, a growing body of
evidence now suggests that, in some contexts, promoter hypermethylation may be
associated with transcriptional activation. Previous approaches to directly
investigate promoter methylation and associated transcriptional changes involved
the use of global methylation-modifying agents. Unfortunately, the non-specific
nature of these agents means that they cannot be used to definitively establish a
causal role for promoter methylation in transcriptional activation. However, the
recent advent of CRISPR-based technologies for locus-specific modulation of DNA
methylation has offered a new pathway for direct investigation of this relationship.
Our recent work has centered around the establishment of a CRISPR-based
methylation- editing tool for site-specific manipulation of EBF3 in melanoma cell
lines. Here I detail the technical aspects of construction, delivery, and utilisation of
our CRISPR-methylation system.

