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STRUCTURAL BIOLOGY

OF CILIA

Our group investigates the cellular mechanisms that maintain the
distinct composition of cilia and immunological synapses. In
particular, we are interested in the trafficking of lipid-modified
signalling proteins by a group of proteins called GDI-like solubilising
factors. In our lab, we address our research questions using a
combination of structural, biochemical and cellular biology

approaches.

Primary cilia, found on almost all human cell
types, are involved in the regulation of several
signalling pathways and are reported to be lostin
several cancer tissues. Lymphocytes are one of
the few cell types that do not form cilia.
However, they do form a structure called the
immunological synapse, which shares
similarities with cilia, at the interface between
professionaland non-professional antigen-
presenting cells, including tumour cells.

GDP dissociation inhibitor (GDI)-like solubilising
factors (GSFs) are a family of proteins, including
PDE6D, UNC119a and UNC119b, which
solubilise lipid-modified proteins and share
structural homology with the Rho GDP
dissociation inhibitors, a class of proteins known
to bind prenylated Rho proteins. PDE6D binds to
and isinvolved in the trafficking of prenylated
proteins, whereas UNC119a and UNC119b are
specific for myristoylated proteins (Wright et al.
Genes Dev 2011; 25: 2347-60; Zhang et al. Nat
Neurosci 2011; 14: 874-80; Zhang et al. Vision
Res 2012; 75:19-25).

Arl2 and Arl3 are small G-proteins that belong to
the Arf (ADP ribosylation factor)-like small
G-protein subfamily. They have a 52% sequence
identity and share several interactors. Amongst
Arl2 and Arl3 interactors are PDE6GD, UNC119a
and UNC119b, where the interactions are
guanosine triphosphate (GTP) dependent and
do notinvolve lipid moieties. Arl2 and Arl3
function as allosteric release factors for lipidated
proteins bound to PDE6D and UNC119a/b ina
GTP-dependent manner (Ismail et al. Nat Chem
Biol; 2011; 7:942-9; Ismail etal. EMBO J. 2012:
31: 4085-94). Furthermore, it has been reported
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that the ciliary protein Arl13b can act as a specific
guanine nucleotide exchange factor (GEF) for
Arl3 (Gotthardt et al elife 2015; 4: pii: e11859.

Lastyear we put forward a sorting model for
prenylated protein INPP5E delivery to the cilia.
The model depends on the affinity of cargo for
PDE6D, the presence of an active Arl3 found
exclusively in cilia, and the specific release of
ciliary cargo by active Arl3.

Using INPP5E and Rheb as examples for ciliary
and non-ciliary proteins, respectively, we show
that lipidated cargoes are solubilised by binding
to GSFs in the cytosol. If a cargo binds to GSFs
with a low binding affinity, the complex will be
disrupted by active Arl2GTP in the cell body. In
the case of ciliary proteins, which bind to GSFs
with strong binding affinities, the soluble
complex can diffuse into the cilia, where itis
released by Arl3, which isin turn activated by the
ciliary protein Arl13b. The released cargo is then
retained in cilia by associating with the ciliary
membrane.

We are currently investigating this trafficking
mechanism and its role in the formation of the
immunological synapse between lymphocytes
and cancer cells. Furthermore, using small
molecules we are trying to manipulate the
positioning of signalling proteins in the cilia and
immunological synapse to alter their signalling
output.

Publications listed on page 98
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Figure 1

Sorting and shuttling of
prenylated/myristoylated

ciliary cargo into the cilium

The GSF (blue; e.g. Unc119b)
binds to the lipid-modified tail of
the ciliary cargo (green). The
complexdiffuses into the cilium,
where Arl3, maintainedina
GTP-bound state by Arl13b, binds
the GSF, forcing a conformational
shift that releases the ciliary cargo
to the ciliary membrane. Binding
of Arl3 to its GAP, XRP2, results in
itsinactivation. Non-ciliary cargo
(grey) is solubilised by the GSF in
the same manner before being
released to endomembranes by
Arl2GTP. The GEF required to
activate Arl2, inits GTP-bound
state, is not known.
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MIGRATION, INVASION
AND METASTASIS

Cells in embryos migrate during morphogenesis and then when
tissues are established, this migration is much reduced. However,
these migration programmes can be reawakened in tumours when
they become invasive and metastatic. Tumours are chaotic and
contain elements of developmental programmes gone wrong,

selected for as the tumour struggles to overcome challenges such as

nutrientand oxygen deprivation. Metastasis presents additional
challenges, as tumour cells are required to survive in hostile
environments and may remain dormant for months or years before
a metastasis grows to a detectable size. Our research programme
has three main projects, each addressing cell migration and cancer
metastasis at different levels, from fundamental molecular
mechanisms to specific developmental and cancer models.

Uncovering new mechanisms behind cell
motility decisions

Cell motility is key to tumour cell dissemination
and immune cell homing to tumours. We study
basic mechanisms of how cells move and how
this affects cancer invasion and metastasis. The
mechanisms by which normal and cancer cells
turn actin assembly into motility are still not
completely understood. One of our challenges
is to find missing pieces of the puzzle, such as
new regulators of the cytoskeleton.

The Rho family of GTPases comprises 21
Ras-related proteins in mammals thatact as
molecular switches to control cell migration,
adhesion and growth. The Rho GTPase Raclis
specifically implicated in control of actin
assembly at the leading edge of cells in
sheet-like protrusions called lamellipodia. Racl
is mutated in melanoma and its activity is
essential for Ras-mediated oncogenic
transformation. PhD students Loic Fortand Jose
Batista (Robert Insall's group) have discovered
and characterised a new regulator of the
connection between Racl and lamellipodia
protrusion: CYRI (Fig. 1). Mammals express two
forms, CYRI-A and CYRI-B, and these proteins
are highly conserved, as they are found in
amoebas, some plants and most higher
eukaryotes. Postdoc Jamie Whitelaw and
students Anh Le and Savvas Nikolau are currently
studying how CYRI-A and -B control the
migration of melanoma and pancreatic cancer
cells. Additionally, they are exploring how CYRI
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proteins are regulated and how they contribute
to feedback loops for actin-based motility.

From melanoblast migration to melanoma
metastasis

Melanoma cells can revert to embryonic
migration pathways and thus escape from the
primary tumour. Melanoblasts, the embryonic
precursor cells of melanocytes, are highly
migratory during developmentand thus can
serve as a model to understand how melanoma
cells migrate. Unlike many other embryonic
migratory cells, they move individually (not
collectively) to populate the skin and hair
follicles. Racland Cdc42 have key roles driving
migration of mouse embryo melanoblasts.
Student Emma Woodham and postdoc Nikki

Paul, together with Prof. Cord Brakebusch (BRIC,

University of Copenhagen, Denmark) showed
that melanoblasts lacking Cdc42 show defects
in polarity, migration and integrin-based
adhesion. Postdoc Karthic Swaminathan has
discovered arole for the Scar/WAVE complex in
melanoblast migration and melanoma tumour
developmentand progression, suggesting that
the Scar/WAVE complex may be animportant
melanoma target downstream of Racl.

Pathways controlling the invasion and
metastasis of PDAC

N-WASP is established as a key driver of
formation of invadopodia and of cancer cell
invasion in vitro(Yu, Zech et al,J Cell Biol. 2012;
199: 527-44), but much less is known about its

Figurel

CHL-1 melanoma cells with
control or CYRI CRISPR
knockout. Purple = actin;
blue = cortactin. Photo credit:
Loic Fort

Figure 2

Pancreatic cancer cells invading
native peritoneal basement
membrane. Red = collagen-I;
Green = GFP-N-WASP-
expressing cancer cells. Photo
credit: Amelie Juin and Ewan
McGhee (BAIR).

potential role in vivo. MRC-funded clinical
research fellow Hayley Morris found that loss of
N-WASP accelerated tumour progression of
APC-driven colorectal cancerin a mouse model.
Her findings suggest that N-WASP could have a
tumour suppressive role in colorectal cancer,
even though itis a promoter of invasion and
metastasis in other models. Postdoc Amelie Juin
is studying the role of N-WASP in pancreatic
ductaladenocarcinoma (PDAC) (Fig. 2). Amelie
has discovered a role for N-WASP in tumour
invasion and metastatic spread to secondary
sites. Using cells cultured from the tumours, she
uncovered how N-WASP drives matrix
remodelling by tumour cells and potentiates
chemotactic signalling loops that mediate cell
egress from the primary tumour.

Our efforts to target the actin-binding protein
fascin in pancreatic cancer continue, with new
compounds and tools being developed with the
Institute’'s Drug Discovery Unit. Postdoc Nikki
Paul, together with Richard Bayliss and Selena
Burgessin Leeds, has developed and
characterised nanobodies to target fascin
(funded by Cancer Research Technology and the

, NKPC GFP-NWASP

the Pancreatic Cancer Research Fund). These
nanobodies will be useful tools to probe fascin
function and to gain structural information about
how inhibitors bind to fascin and alter its actin-
bundling activity.

Tumour cells are influenced by the surrounding
stroma, consisting of extracellular matrix and
other cell types — both in the primary tumour and
in distant sites that they might colonise. In
collaboration with bio-engineer Manuel
Salmeron-Sanchez (Engineering, University of
Glasgow), we are exploring the biophysical
properties of tumour extracellular matrix that
influence migration and proliferation vs
dormancy of cancer cells. We hypothesise that
increased local stiffness, combined with
microenvironmental signalling, drives adhesion
and actin-mediated reawakening of dormant
tumour cells. PhD student Vassilis Papalazarou is
exploring how the cytoskeleton and adhesion
directly signal to metabolic and transcriptional
programmes to push the cell into a state of active
migration, growth or dormancy.

Publications listed on page 100
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INTEGRIN CELL BIOLOGY

One of the main challenges that we face in treating cancer is the
likelihood that, at the time of diagnosis, malignant cells have already
left the primary tumour and spread to other organs. Thus, even
following complete removal of the primary tumour, these
disseminated cells can reside within ‘primed metastatic niches’ only
to reappear later as metastases. We are, therefore, focussed on
understanding how primary tumours are able to prime organs for
metastasis, how this priming may be assessed and how the
metastatic niche may be targeted therapeutically. We have recently
discovered that certain oncogenes influence the release of
metabolites and other factors, such as exosomes, which lead to
metastatic niche priming. In particular, we have elucidated how
tumour metabolites and exosomes drive alterations to endosomal
trafficking in lung fibroblasts to change the deposition of collagens
and other extracellular matrix proteins in this metastatic target organ.
We are currently determining how to use non-invasive imaging
approaches to assess the extracellular matrix of primed metastatic
organs, and we are exploring pharmacological approaches to
reducing metastatic niche formation to oppose cancer recurrence
following surgery.

Expression of mutant p53s and other pro- dormancy and drive metastasis. Finally, we are
metastatic oncogenes generates metastatic determining how to use non-invasive ECM
niches imaging to assess the priming of metastatic
We have found that key membrane trafficking organs, and to explore pharmacological
events evoked by gain-of-function p53 approaches to reducing metastatic niche
mutations in primary tumours may be formation to oppose cancer recurrence
transferred via exosome-mediated mechanisms following surgery.

to cells in other organs. Indeed, exosomes from
mutant pb3—expressing adenocarcinoma in the
pancreas can influence integrin trafficking in
lung fibroblasts to alter the deposition of
extracellular matrix (ECM) proteins, such as

Metabolites released by primary tumours
influence invasiveness and the priming of
metastatic niches

Using a comprehensive metabolomic screen,
collagen VI, inthe lung. This altered we have found that the landscape of serum
microenvironment provides migratory cues metabolites alters markedly during the

which lead to priming of the lung as a metastatic progression of mammary tumours in mice.
niche. We are investigating how pancreatic and Levels of glutamate in the serum reflect tumour
colon adenocarcinoma can foster certain ECM burden and acquisition of primary tumour
microenvironments in metastatic target organs, invasiveness, and plasma aspartate and y-amino
and how this can promote recruitment of butyric acid (GABA) concentrations increase as
circulating tumour cells and components of the metastases form in the lung. Our evidence
innate and acquired immune systems to break indicates that glutamate and aspartate release
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Figurel

(a) Exosomes from mutant p53—-expressing pancreatic adenocarcinoma tumours
influence extracellular matrix deposition during lung remodelling.

(b) Glutamate secretion from mammary carcinoma promotes invasion by activation of
the GRM3 metabotropic glutamate receptor.

(c) EphA2 mediates the nuclear capture of endosomes to promote local actin
polymerisation to activate SRF-dependent transcription.

from tumour cells is mediated by alterations in
the expression of metabolite transporters of the
SLC family, and that these alterations are triggered
by the response of tumour cells to metabolic
stresses. We are investigating how extracellular
levels of glutamate, GABA and aspartate drive
invasiveness and metastatic niche priming by
activating plasma membrane receptors for these
metabolites (i.e. the mGluR, NMDA and GABAR
families) on fibroblastic and other cell types to
influence ECM deposition in metastatic target
organs. Furthermore, we are determining how
these metabolites modulate the immune
landscape of tumours and metastatic target
organs.

‘Nuclear capture’ of endosomes activates
transcriptional programmes to favour metastasis
By designing a novel screen to identify receptors
that are transported from the cell surface to the
nuclear membrane, we have discovered a
mechanism whereby endosomes are ‘captured’
atthe nuclear surface by interaction of a nuclear
localisation sequence in the cytodomain of the
receptor tyrosine kinase EphA2 with the nuclear
import machinery. This process promotes
juxta-nuclear actin polymerisation, leading to
activation of MRTF/SRF transcription factors and
generation of a transcriptional programme
favouring dissemination and metastasis of
pancreatic cancer. Antisense oligonucleotide
(ASO) drugs are being developed to target
mutated oncogene products, such as KRas, and
these are now entering clinical trials. We are
currently investigating whether the 'nuclear-
capture’ of endosomes mediates delivery of
ASOs to the nucleus where they act to oppose
proliferation of cancer cells. As nuclear-capture
mechanisms are most active in cancer cells
engaged in disseminations, we are investigating
how this pathway may be exploited to target the
delivery of ASOs to cancer cells that are actively
metastasising.

Publications listed on page 103
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MOLECULAR CELL BIOLOGY

A major function of the actin cytoskeleton is to provide the structural
underpinning that gives a cell shape and mechanical strength. The
actin cytoskeleton is dynamic, undergoing constant rearrangement
and reorganisation in response to external factors, including soluble
factors and the physical microenvironment. Alterations to the
cytoskeletal architecture have significant consequences on the
entire cell — such as morphology, cytokinesis, adhesion and motility
—and also at the subcellular level. Research in our lab is focused on
Identifying important regulators of actin cytoskeleton dynamics that
contribute to processes which are important for cancer. In particular,
we have focused on kinase effectors that act downstream of Rho
GTPases. Through these efforts, we aim to uncover proteins that
could be potential cancer drug targets.

Gene expression associated with migration
through physical constraints

The metastatic spread of cancer cellsis a
stepwise process that starts with dissociation
from primary tumours and local invasion of
adjacenttissues. The ability to invade local
tissues is the product of several processes,
including degradation of extracellular matrices
(ECM) and movement of tumour cells through
physically restricting gaps. To identify properties
contributing to tumour cells squeezing through
narrow gaps, invasive MDA-MB-231 human
breast cancerand MDA-MB-435 human
melanoma cells were subjected to three
successive rounds of selection using cell culture
inserts with highly constraining 3um pores. For
comparison purposes, flow cytometry was also
employed to enrich for small-diameter
MDA-MB-231 cells. RNA-Sequencing (RNA-seq)
using the Illumina NextSeq 500 platform was
undertaken to characterise how gene expression
differed between parental, invasive-pore-
selected or small-diameter cells. Gene
expression results obtained by RNA-seq were
validated by comparing with RT-gPCR.
Transcriptomic data generated will be used to
determine how alterations that enable cell
passage through narrow spaces contribute to
localinvasion and metastasis.
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MRCK inhibitor development

In collaboration with the Institute's Drug
Discovery Unit, funding was obtained from
Worldwide Cancer Research to characterise
inhibitors of the MRCK proteins. The myotonic
dystrophy-related CDC42-binding kinases
MRCKa and MRCKB contribute to the regulation
of actin—myosin cytoskeleton organisation and
dynamics, acting in concert with the Rho-
associated coiled-coil kinases ROCK1 and
ROCK?2. The absence of highly potentand
selective MRCK inhibitors has resulted in
relatively little knowledge of the potential roles of
these kinases in cancer. We discovered the
azaindole compounds BDP8900 and BDP9066
as potent and selective MRCK inhibitors that
reduce substrate phosphorylation, leading to
morphological changes in cancer cells along
with inhibition of their motility and invasive
character. In over 750 human cancer cell lines
tested, BDP8900 and BDP9066 displayed
consistent anti-proliferative effects, with greatest
activity in haematological cancer cells. Mass
spectrometry identified MRCKa S1003 as an
autophosphorylation site, enabling
development of a phosphorylation-sensitive
antibody tool to report on MRCKa status in
tumour specimens. In a two-stage chemical
carcinogenesis model of murine squamous cell
carcinoma, topical treatments reduced MRCKa

Figurel

The filamentous actin (F-actin)
cytoskeletoninan MDA-MB-231

human breast cancer cell

S1003 autophosphorylation and skin papilloma
outgrowth. In parallel work, we validated a
phospho-selective antibody with the capability to
monitor drug pharmacodynamics. Taken
together, our findings establish an important
oncogenic role for MRCK in cancer, and they
offer aninitial preclinical proof-of-concept for
MRCK inhibition as a valid therapeutic strategy.

Inhibition of pancreatic ductal adenocarcinoma
invasion and tumour growth by the ROCK
inhibitor AT13148

The high mortality from pancreatic cancer
demands that new therapeutic avenues be
developed. The orally available small-molecule
inhibitor AT13148 potently inhibits the ROCK1 and
ROCK?2 kinases that regulate the actomyosin
cytoskeleton. We previously found that ROCK
kinase expression increases with human and
mouse pancreatic cancer progression, and
conditional ROCK activation led to accelerated
mortality in a genetically modified LSL-KrasG12D,;
LSL-p53R172H; Pdx1-Cre (KPC) mouse pancreatic
cancer model. We now show that treatment of
KPC mice and human TKCC5 patient-derived

&

pancreatic tumour cells with AT13148, as well as
the ROCK-selective inhibitors Y27632 and H1152,
acted comparably in blocking ROCK substrate
phosphorylation. Furthermore, AT13148, Y27632
and H1152 induced morphological changes and
reduced a) cellular contractile force generation;
b) motility on pliable discontinuous substrates;
and c) 3D collagen matrix invasion. AT13148
treatment reduced subcutaneous tumour
growth, and blocked invasion of healthy
pancreatic tissue by KPC tumour cells in vivg,
without affecting proliferation, suggesting a role
for local tissue invasion as a contributor to
primary tumour growth. These results indicate
that AT13148 has anti-tumour properties that may
be beneficialin combination therapies, or in the
adjuvant setting, to reduce pancreatic cancer cell
invasion and to slow primary tumour growth,
which might have the additional benefit of
enabling tumour resection by maintaining
separation between tumour and healthy tissue
boundaries.

Publications listed on page 104
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Colorectal cancer is the third most common cancer in the UK

and the second most common cause of cancer mortality. The
focus of our group is to understand the early changes associated
with intestinal neoplasia in order to identify novel markers of the
disease as well as new targets for therapy. The key intestinal tumour
suppressor is the APC gene, which is mutated in approximately 80%
of sporadic cancers. Central to our work is the use of novel inducible
models of intestinal tumourigenesis that allow us to study the
functions of specific tumour suppressor genes.

Elucidating the cell-of-origin for colorectal
cancer

Understanding the differences between APC
and gB-cateninmutations in terms of signalling
provided mechanistic insights, but one question
that still puzzled us was that if an activating
mutation of B-cateninwas within an intestinal
stem cell, then this would be long lived and
therefore cells should have ample time to
accumulate B-catenin and transform the
intestine. For many years, the rapid turnover of
the intestine (4-6 days) had suggested that the
intestinal stem cell was the most likely cell-of-
origin, and our work had shown if we targeted
APC loss to stem cells, mice would rapidly
develop cancer. Non-stem cells could be
transformed but with much less efficiency. To
examine this further, we modelled the likelihood
of cancer comparing a single activating

Without TA cells
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mutation of g-cateninversus bi-allelic APC
mutation. We took into account the likelihood of
the mutation, the requirement for two APC
mutations and the fact that it took much longer
fora B-catenin mutation to produce a
phenotype. Using these parameters, the model
predicted thatif the stem cell was the cell-of-
origin one would expect g-catenin mutations
butif you include in addition transit amplifying
(TA) cells then bi-allelic APC mutations were
much more likely. Interestingly, the human
colon has many more TA cells than the mouse,
which may explain why an Apc mutation leads
to smallintestinal tumours in the mouse and
colonic tumours in man.

Inhibiting Wnt signalling in vivo

Given the strong link between deregulated Wnt
signalling and colon cancer, we have tested the
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Figure 1

Simulation suggests that transit amplifying (TA) cells can act as the cell-of-origin in colon cancer. Left-hand panel: if just
the stem cellis considered then g-catenin mutations are more likely to occur (blue line) rather than two APC mutations
(red line). Right-hand panel: if the TA cells are included then two APC mutations accumulate.
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Figure 2

WNT974 treatment reduces
intestinal stem cell markers.
Porcupine inhibition reduces the
expression of the stem cell
markers Lgr5and Olfm4 using
RNASCOPE /n situhybridisation,
performed by Colin Nixon and his
group (Huels etal, Nat Commun
2018;9:1132).

Figure 3

HUWE1is a bona fide tumour
suppressor gene. (@) Huwel loss
accelerates time to intestinal
tumourigenesis (green versus
black line). (b) Huwel loss
increases numbers of intestinal
tumours. (€) HUWE1 loss
increases levels of y-h2aX (d)
Patients that have tumours with
low levels of HUWEL1 (black line)
have improved survival following
chemotherapy compared to
those with high levels of HUWEL
(redline).
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impact of Wntinhibition on the normal intestine
using a clinically relevant Wntinhibitor, WNT974.
This inhibitor blocks the protein porcupine, which
is required for Wnt ligand secretion, and is well
tolerated in mouse and man. Within the intestine
of treated mice, we found that there was a
marked reduction in Lgr5+ intestinal stem cells.
This caused intestinal crypts to be functionally
monoclonal (i.e. with only one stem cell) rather
than polyclonal (with up to 8-10 stem cells). The
consequence of this was that there was reduced
stem cell competition, and that if mutations
occurred they rapidly repopulated the entire
crypt. Therefore, this suggests that one of the key
evolutionary reasons for high levels of Wnt
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is to drive stem cell competition and prevent
accumulation of deleterious or cancer-causing
mutations (Huels etal, Nat Commun 2018;
9:1132).

Demonstrating that HUWEL, which is mutated in
up to 10% of colorectal cancer (CRC), is a bona
fide tumour suppressor gene

In human cancers, many genes are mutated,
often atrelatively low frequencies. Assigning
these as functional modifiers of cancer
development or treatment is therefore very
important. In CRC, mutations of HUWEI(an E3
ubiquitin ligase) occur in approximately 10% of
cases, and as they are on the X chromosome, a
single mutation should resultin loss of function.
To investigate whether HUWEI can actas tumour
suppressor gene, we deleted this in combination
with APC loss in vivoand found a dramatic
increase in tumour initiation. Mechanistically, this
was associated with a marked increase in the
DNA damage marker yH2AX, which is a target of
HUWE!1 ligase activity (Myant et al, EMBO Mol
Med 2017; 9:181). Other HUWE1 targets, c-Myc
and MCL-1, were also upregulated. Importantly,
this increase in DNA damage correlated with a
sensitivity to cytotoxic agents, and patients who
carry HUWEI mutations respond well to
chemotherapy. Together, our results therefore
indicate HUWEI mutations are driver mutations in
CRC and may alter the response to therapy.
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TUMOUR MICROENVIRONMEN T

AND PROTEOMICS

In solid tumours, cancer cells are embedded within a stroma
populated by different cell types. Cancer associated fibroblasts
(CAFs) are a major non-neoplastic stromal cell population, which
our lab and other groups have shown play crucial roles in cancer
progression. In fact, CAFs have a unigue ability to establish crosstalk
signalling with cancer cells and other stromal cells by secreting
soluble factors, extracellular matrix (ECM) components and
modifiers, and physically interacting with surrounding cells. Thus,
our research focuses on CAFs; we envisage that targeting CAFs
rather than, or in combination with, cancer cells is a promising
iInnovative strategy to hamper cancer growth and metastasis.

Our research primarily focuses on the role of
CAFsin breast and high-grade serous ovarian
cancers because these tumours contain a
sizeable proportion of stroma, which is densely
populated by CAFs. Furthermore, CAFs have
been shown to play key functionalroles in the
progression of both diseases. Importantly,
ovarian cancer cells lack recurrent somatic
mutations and this limits the availability of
targeted therapies against the cancer cells.
Therefore, CAFs may offer a valid alternative
therapeutic opportunity in this tumour type.

We aim to decipher how CAFs contribute to
tumour progression and metastasis, with the
ultimate goal of identifying strategies to target
these cells for therapy.

In particular, we study how CAFs promote
invasive behaviour of the cancer cells and
support their uncontrolled proliferation and
survival, and how CAFs influence endothelial
cell (EC) behaviour. ECs are a key cellular
component of the blood vessels. ECs line the
inner layer of the vessel wall and regulate the
functionality and growth of the vessel. In many
solid tumours, the vasculature is responsible for
the progression of the disease. Initially, tumours
recruit blood vessels to obtain nutrients and
oxygen to sustain the uncontrolled growth of
the cancer cells. Later on, the tumour
vasculature becomes leaky and provides a route
for the cancer cells to escape and form distant
metastases. We also study the role of cell
metabolism in the requlation of CAF function.

Our group has a strong expertise in mass
spectrometry (MS)-based proteomics, and we
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integrate this innovative technology in our
research to provide new levels of understanding
of CAF biology.

CAFs can originate from the normal fibroblasts
resident at the site where the primary tumour
develops. Under stress conditions, such as
chronic stimulation by factors secreted by the
cancer cells, redox stress and hypoxia, the
normal fibroblasts become activated. This
activation induces extensive reprogramming of
gene expression and protein levels, such that
CAFs are characterised by a) being highly
contractile, and b) secreting soluble factors and
ECM components that promote the progression
of cancer. This highlights the importance of a
better understanding of how CAFs alter the
tumour microenvironmentand how the
surrounding stromal and cancer cells react to
these changes. To tackle this question, we make
extensive use of state-of-the-art MS—
proteomics approaches, which we have
previously shown to be a powerful technology
to investigate cellular secretomes (Zanivan etal,
Mol Cell Proteomics 2013; 12: 3599-611) and
molecular mechanisms underpinning EC
functions (van den Biggelaar et al, Blood 2014;
123: e22-e36 Patella et al, Mol Cell Proteomics
2015; 14: 621-34; Patella et al, J Proteome Res
2016; 15: 2187-97).

Pro-invasive functions of CAFs

Using methods that we have previously
developed for in-depth quantitative MS—
proteomic analysis of secreted proteins in cell
culture (van den Biggelaar et al, Blood 2014;
123: e22-e36) we have provided the first global
portrait of proteins that are differentially secreted
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Figure1

This cartoon summarises our
recent findings in the context of
tumour progression (via CLIC3,
on the left) and metastasis (via
CCNZ, on theright). NF = normal
fibroblasts; CAF = cancer
associated fibroblasts (Adapted
from Reid etal, EMBO J 2017; 36:
2373-89)

when patient-derived mammary fibroblasts are
activated into CAFs by breast cancer cells. We
have found that the chloride intracellular channel
protein 3 (CLIC3) is one of the most upregulated
and heavily secreted proteins in CAFs. Moreover,
we have established an unprecedented role for
this protein in the extracellular environment:
CLIC3is a pro-invasive oxidoreductase able to
promote tumour invasion and vessel growth by
increasing ECM stiffness though the reduction
(activation) of the extracellular transglutaminase
TGM2. Importantly, we have found that CLIC3 is
highly abundantin the stroma of triple-negative
breast cancer and high-grade serous ovarian
cancer (HGSOC) patients. Indicating that CLIC3
may have arole in the progression of the disease,
high levels of CLIC3 in the stroma correlate with
poorer patient prognosis (see Fig. 1). We are
currently investigating the role of stromal CLIC3
in HGSOC to understand whetheritis a potential
novel target for this type of cancer, particularly for
blocking metastasis, which is the major cause of
death for this tumour type.

Recently, we started investigating how hypoxia,
which is typical in aggressive cancers, influences
CAF functions. Using 3D co-cultures of CAFs and
ECs, we found that hypoxia exacerbates the
pro-angiogenic function of CAFs. This is
important because excessive tumour
angiogenesis can cause the formation of leaky
blood vessels, which can worsen hypoxia and
facilitate cancer cell intravasation into the blood
flow to form distant metastasis. Extensive
proteomic analysis of hypoxic breast cancer CAFs
has pinpointed possible mechanisms

TUMOUR MICROENVIRONMENT AND PROTEOMICS

underpinning this hypoxia-induced function,
which we are currently investigating further.

Tumour stiffness favours cancer cell invasion
The CLIC3/TGM2 pathway that we have
discovered promotes endothelial and cancer cell
invasion by stiffening the tumour ECM. These
results support previous findings that high
stiffness promotes tumour invasion and
metastasis. While several works have described
how stiffness promotes invasive behaviour of
cancer cells, itis largely unknown how stiffness
controls EC behaviour and whether this impacts
on tumour metastasis. We have discovered that
high ECM stiffness increases levels of heterotypic
cell-celladhesion receptors on the surface of the
ECs. In particular, we have characterised an
unprecedented mechanism through which high
stiffness increases expression and exposure to
the plasma membrane of N-cadherin via
upregulation of CCN1. Importantly, we showed
that the CCN1/N-cadherin pathway facilitates the
binding of the cancer cells to blood vessels,
which is the first step of cancer cell intravasation
into the blood stream for the formation of distant
metastasis (see Fig. 1). We have therefore
identified a new function of tumour stiffness on
the vasculature and discovered a pathway that
can be targeted to reduce metastasis by blocking
stiffness-induced intravasation of cancer cells.
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DRUG DISCOVERY UNIT

The Drug Discovery Unit continues to make progress across its
portfolio of exciting drug discovery projects that not only mirrors the
focus of the outstanding research undertaken within the Institute,
but also the CRUK focus of working on high-risk but potentially
high-reward targets. In particular, our continued progress against
KRAS is very exciting, and through our collaboration with the
Frederick National Laboratory for Cancer Research in the US, we
look forward to progressing to the next stage. In addition, through
existing collaborations with Professor Mike Olson (Beatson Institute)
and Professor Anthony Chalmers (University of Glasgow), our MRCK
Inhibitors are showing great promise in two independent /in vivo
models, one of skin squamous cell carcinoma and another of
radiation-induced glioblastoma invasion.

KRAS

KRAS mutations are associated with many
human cancers, and in particular are associated
with the vast majority of pancreatic ductal
adenocarcinomas (90%) and a significant
number of other tumour types including colon
and lung (30-40%). In the GTP-bound active
state, KRAS signals from the plasma membrane
through a functionally diverse set of
downstream effector proteins (including PI3K,
RAF and RALGDS) to pathways that control
cellular growth, apoptosis, survival and
differentiation. We aim to block the interaction
between KRAS and its effector proteins to inhibit
oncogenic KRAS signalling.

Our KRAS project maintains a highly competitive
position within the small molecule inhibitor field.
Signing a two-year agreement with the USA
National Cancer Institute’s RAS Initiative (at the
Frederick National Lab) has enhanced our
resource across multiple areas of the project,
enabling us to progress our main chemical
series more aggressively whilst also working on
additional back-up series, presenting different
opportunities and molecule profiles. Resource
embedded within the Frederick Labsin
biochemistry, cell biology, biophysics and
protein production provides support for the
development of novel assays, enabling us to
explore the most effective approaches to
measuring RAS activity in a clinically relevant
setting. Another key benefit of the collaboration
is the direct access to the network of RAS cancer
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research across the USA, through this
central hub of the RAS Initiative. This
collaboration is funded jointly by CRUK and
the CRT Pioneer Fund (CPF).

We have developed a medicinal chemistry
strategy to optimise (Fig. 1) our existing KRAS
ligands, resulting in new, significantly more
active compounds. The team have made full
use of our in-house X-ray crystallography data
and computational chemistry expertise to
effectively design and prioritise compounds for
synthesis.

Optimisation has led to compounds with
increased affinity as they fit better with the KRAS
protein and make additional key interactions
with amino acid residues in the pocket. This
binding affinity has been improved significantly
against KRAS GDP and KRAS GMPPNP, with very
tight binding observed and 33nM in our KRAS
G12D.GMPPnP and KRAS G12D.GDP surface
plasmon resonance (SPR) binding assays.
Importantly, tight binding has also been
confirmed in additional, orthogonal binding
assays, providing highly valuable information
useful for further optimisation. Multiple, parallel
approaches have been employed to develop
biochemical assays for SOS-mediated
nucleotide exchange (NEA) and effector binding
(HTRF, FRET and pulldown). Significant
improvements in potency were demonstrated
across all biochemical assay formats as a result
of the optimisation strategy and in line with our

e00cc00c0000000000000000 0000

Figure 1

KRAS x-ray crystal structure,
highlighting small molecule
binding site (red) and areas of
focus for small molecule
optimisation (purple and blue).

expectation. Excitingly, data for our best
compounds show an effect on downstream
signalling in cells at low micromolar
concentrations.

We have characterised appropriate cell assay
systems (both in wild-type, G12C/G12D mutant
colorectal and pancreatic cancer cell lines and
engineered RAS-less MEF cells) to measure
target modulation and efficacy readouts. Assays
looking at RAS/RAF interaction or levels of
downstream signalling markers of the MAP kinase
pathway (e.g. pERK) suggest that our current
compounds are permeable and able to bind to
RAS (with low micromolar EC_ potency) in cells.
Importantly, we are in the process of developing
3D cell culture systems, where we have observed
improved responses to our compounds when
compared to cells grown in monolayers, in terms
of cell survival and proliferation.

MRCK

In close partnership with Professors Mike Olson
and Anthony Chalmers, the Drug Discovery Unit
has made excellent progress in its aim of
developing and characterising inhibitors of
MRCK. The myotonic dystrophy kinase-related
CDC42-binding kinases, MRCKoand MRCKR,

regulate actin—myosin contractility and have
beenimplicated in cancerinvasion and
metastasis. In concert with the closely related
ROCK1/ROCK?2 kinases, MRCK is known to
phosphorylate downstream substrates such as
MLC and MYPT1 to facilitate the cytoskeletal
changes which contribute to cancer cell motility
and invasion. Previous studies in which MRCK
knockdown was shown to reduce invasion of
cancer cells in vitro suggest there are likely to be
clinicalareas in which MRCK inhibitors would
have therapeutic benefits.

Using a focused fragment-based MRCK
biochemical screen, in combination with MRCK
structural biology, our lab has developed
selective and potent MRCK inhibitors. In
particular, our lead compound BDP-00009066
(MRCKB K = 23pM) was designed starting from a
ligand-efficient fragment BDP-00003246
(MRCKB K = 4.49uM). Iterative rounds of
medicinal chemistry and structure-based design
using BDP-00003246 led to the identification of
BDP-00009066, a potent and selective MRCK
inhibitor with sufficient pharmacokinetic
properties to enable its use to further explore the
role of MRCK as a cancer drug target.
Generation of such inhibitors has allowed us to
validate the hypothesis that MRCK is involved in
cancer cellinvasion in different indications. First,
we have studied the effects of MRCK inhibition in
glioblastoma (GBM). GBM is an aggressive,
incurable primary tumour which is characterised
by highly infiltrative cells. Patients are treated with
surgery, radiotherapy and chemotherapy, but
due to the invasive nature of the disease,
outcomes remain poor and recurrence rates are
high. Whilst radiotherapy extends life
expectancy, recent research has indicated that it
can also promote a more invasive phenotype in
cells which survive treatment. Our studies have
shown that MRCK activity is upregulated by
irradiation at the invasive edges of GBM tumours.
Using BDP-00009066, it has been demonstrated
that inhibiting MRCK activity is effective at
reducing radiation-induced migration of GBM
cells in vitroand in vivo. In a clinically relevant
intracranial G7 cell mouse model (Fig. 2), BDP-
00009066 was shown to prevent the invasion of
GBM cells into the contralateral brain hemisphere
(Birch etal, in preparation), and studies are
ongoing to determine whether such effects of
this compound lead to improved survival rates.
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Figure 2

Inhibition of radiation-induced
invasion in a mouse glioblastoma
model with the MRCK inhibitor
BDP-00009066. (J Birch, A
Chalmers)
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In addition to studies in glioblastoma, BDP-
00009066 has also been used to show that
MRCK inhibition has utility in squamous cell
carcinoma (SCC). BDP-00009066 treatment of
SCC cells led to reduced cell motility and 3D
invasion at sub-micromolar levels in vitro, and
MRCK activity was elevated in mouse skin
tumours in a chemical carcinogenesis model.
When evaluating the in vivo efficacy of BDP-
00009066 in this SCC mouse model, we found
that topical application of the compound
resulted in a significant reduction in papilloma
size (Unbekandt etal, Cancer Res. 2018; /8:
2096-114), highlighting further therapeutic
action of this inhibitor.
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These studies have revealed exciting
opportunities for BDP-00009066 as a potential
chemotherapeutic agent. As a consequence,
two patent applications for our MRCK inhibitors
were filed in 2017, adding further support that
our compounds represent considerable
advances in probing the effects of MRCK
inhibition in in vivomodels of cancer cell
invasion.
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BEATSON ADVANCED
IMAGING RESOURCE (BAIR)

Light microscopy allows us to gather information about
iImportant requlatory mechanisms in tumours and key cells of the

microenvironment whilst preserving spatial and temporal information.

No other technique allows us to simultaneously record multiple
iImportant molecules and cells with subcellular sensitivity and
resolution in living samples whilst maintaining the context of the
microenvironment, be that model substrate or living organism.

Beatson Advanced Imaging Resource (BAIR)
scientists work closely with the Institute’s
researchers to uncover and interrogate
important molecular pathways in cancer. The
BAIR is thus involved at some stage in nearly
every paper from researchers at the Institute that
contains a light micrograph. We try to assist
from experimental design right through to the
finished figures. We train scientists in all stages
of modern microscopical research, from advice
on sample preparation, basic and advanced
microscope operation and data acquisition
through to quantitative image analysis and
interpretation. Atthe start of a new projector
application we are keen to help researchers
identify how light microscopy can be used to
test key hypotheses and help them to design
experiments that make the most of the
resources we have. We also help to identify new
technology and methodology that allow our
researchers to take the most elegant
approaches.

We held our annualimaging competition earlier
in the year and had fantastic entries again.

This year Nikon provided a digital SLR camera for
first prize, won by Amélie Juin! Some of the
stunning pictures that exhibit the excellent
imaging performed in the BAIR are showcased
throughout the report. We also had a great time
hosting the annual Scottish Microscopy Group
one-day meeting at the Institute in November.
Margaret was the local orgnaniser, ensuring the
smooth running of the meeting, and David and
Ewan both helped run demos and make sure
everyone was at the right place at the right time.
We welcomed colleagues from all over Scotland
(and also from elsewhere in Europe) for a day of
talks, posters, networking and seeing the latest
developments. We woud like to thank all that
helped out on the day and in the run-up, the
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commercial exhibitors for sponsoring the
meeting and showing us their latest products
and everyone who attended. And Nikki Paul
from Laura Machesky's team won the image
competition!

Core themes and new methodologies
Although basic transmitted light and
epifluorescence microscopy may notappear to
have advanced much in recent years, the way
that we use them has substantially. We have
stable long-term timelapse systems capable of
automated, unattended imaging and we have
also increased our fleet of IncuCyte incubator-
basedimaging systems again this year due to
demand, seeing the latest IncuCyte model (S3)
installed just before Christmas. These can
multiplex up to siximaging plate-based
experiments and perform week-long
recordings, making the most of the stable
incubator environment and, for example,
allowing researchers to look at the effects of
several mutations or perturbations atonce. The
newest system allows additional flexibility by
scheduling more complicated timelapses
independently for each plate and allowing us to
use all three objectives in the same experimental
run. David has enjoyed running a regular user
group meeting dedicated to these instruments.
We continue to work with our colleagues in
Functional Screening and Histology to make
sure that researchers are using the best
combination of high-content/throughput
methodologies to extract as much meaningful
data as possible from each experiment.

Again, confocal microscopy is a mainstay of the
BAIR and our three confocal laser-scanning
instruments, two spinning disc microscopes and
two multiphoton systems (one of which is
embedded in the Biological Services Unit, BSU)

Amélie Juin, winner of the 2017
BAIR imaging competition. Her
image shows a spiral of HUVECs
stained with phalloidin and
contactin.

have all been heavily used by researchers at the
Institute. We capture highly resolved
fluorescence data in several ways that optimise
speed (spinning disc), resolution and number of
channels (laser-scanning), depth (multiphoton)
and other readouts, e.g. fluorescence lifetime
(spinning disc FLIM; multiphoton FLIM).
Excitingly, we have once again made more use
than ever of our Zeiss LSM 880 ‘Airyscan’, which
uses a spatially arrayed multi-GaAsP detector to
increase signal and resolution beyond the usual
diffraction limitto 140 nm laterally and 400 nm
axially. The addition of beam shaping optics to
the excitation pathway essentially allows us to
scan four lines atonce, increasing imaging speed
fourfold with a small decrease in resolution.

Our second Zeiss LSM 880, ‘Airyscan FAST', is
equipped with multiphoton excitation (approx.
700-1300nm) and is embedded in the BSU. This
isnow in full service and has been used for
intravital microscopy of brain, liver and prostate
cancer this year and ex vivoimaging of lung
cancer tissue with improved resolution at depth.
Itis an upright system, capable of fast
superresolution imaging and synergises
exceptionally with the existing BSU inverted
multiphoton FLIM system. Second harmonic
generation (SHG) imaging works well on this
system as well as our other multiphoton systems,
allowing us to perform label-free imaging of the
extracellular matrix, an important component of
the tumour microenvironment. Ewan has

enjoyed applying grey-level co-occurence
matrix (GLCM) analysis to a whole host of new
SHG images from several groups to quantify
geometric differences in collagen extracellular
matrix.
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BIOINFORMATICS AND
COMPUTATIONAL BIOLOGY

The Bioinformatics and Computational Biology unit provides
support for a variety of research projects that require computational
approaches, advanced statistical analyses and mathematical
modelling. Although there is a significant and growing demand for
high-throughput data analysis, we strive to ensure that even the
smallest task receives our full attention. We offer advice relating to
experimental design, the appropriate use of statistical tests, and the
Clear presentation of results for use in theses and publications.

Our team focuses on exploratory data analysis,
and our ultimate goalis to provide insights that
enhance our understanding of cancer biology.
We carry out routine processing of RNA and
DNA sequencing data, differential expression
analysis, and splicing and copy number
variations. Our data analysis and modelling tasks
are performed using a variety of open-source
software environments, programming
languages and scripting tools, including R,
Bioconductor, KNIME, Fortran, Bash, PHP and
Perl. We frequently make use of analytical
routines that have been developed in-house or
in collaboration with our colleagues from the
areas of mathematics, statistics, computer
science and biology. One of our routine tasks
involves submitting lists of genes and
metabolites for functional annotation,
clustering, enrichment, ontology and pathway
analysis using Ingenuity Pathway Analysis and
GeneGo MetaCore. We also employ the
Oncomine Research Premium Edition database
to satisfy the demands of researchers who wish
to make use of publicly available datasets. Many
tasks (such as motif incidence and isoform
identification) require the use of online
databases, and so we regularly write customised
data mining scripts that download the relevant
data and extract the appropriate information.

Over the last year, we have performed our first
analyses of RNAimmunoprecipitation
sequencing (RIP-Seq) data and small RNA-Seq
data (with the latter being used to investigate
Piwi-interacting RNA). Our revised search
strategy, which utilises publicly archived
RNA-Seq data, has been used to procure
evidence of differential alternative splicing
patterns between normal and tumour samples.
Ouraim is to quantify the occurrence of both
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known and novel splicing events in genes of
specific interest to researchers.

The last year has also seen considerable
progress in the development and application of
ourin-house library of computational tools.
First, we have used simulations from our
mathematical model of cell migration and
phagocytosis to show that chemotactic
responses can promote the engulfment of
particles that are coated with a chemoattractant;
this work is supported by experimental data
from our collaborators. Second, we have
developed an R workflow that employs machine
learning (using support vector machines) to
identify groups of proteins that are predictive in
classifying subjects into a pre-defined set of
disease states; this work is complemented by
our own interactive visualisation tool that allows
us to easily explore and assess the space of
predictive proteins. Finally, we have developed a
number of workflows in R (and, in some cases,
KNIME) that, for a very specific set of
experimental designs, automate the analysis
process. This is particularly useful for researchers
who wanta quick and easy way to perform the
same analysis on more than one data set of the
same type (for example, in the case of repeated
experiments).

To ensure that appropriate statistical methods
are used and presented in publications, we offer
advice on experimental design, statistical
technigues and data presentation. Moreover,
personalised training is available to researchers
(on request) for implementing and applying
specific methods, programming in R, and using
Bioconductor. Our team also participates in
delivering part of the postgraduate MSc in
Cancer Sciences programme.

www.beatson.gla.ac.uk/proteomics

PROTEOMICS

Head
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The Proteomics facility is working with cutting-edge MS-proteomic
technologies and robust platforms for sample preparation and data
analysis to answer basic questions of cancer biology, thus
contributing to the progress of cancer research.

The proteomics team has a strong expertise in
using high-resolution, Orbitrap-based mass
spectrometry (MS) in combination with highly
accurate quantification approaches and data
analysis. We work in collaboration with groups
atthe Institute and outside, and we actively
develop MS-based proteomic platforms to
address a variety of questions to help
researchers better understand the mechanisms
that regulate various aspects

of cancer.

To achieve this, the facility is well equipped with
three LC-MS systems, of which one is a new-
generation Orbitrap instrument Q-Exactive HF.
Allour instruments are coupled online to
Easy-nLC systems, and high-resolution
chromatography is achieved by packing our
nano-columnsin house.

We house a number of dedicated software of
which MaxQuant is the most used, for highly
accurate quantitative analysis. Moreover, we use
Skyline for the analysis of pRM data. Finally, we
use Perseus and Scaffold for data compilation,
analysis and dissemination.

During 2017, we have worked with many of the
groups at the Institute and provided significant
contributions to the success of their research. A
key achievement s the development of a novel
stable isotope-based method to quantitatively
measure cysteine oxidation to detect substrates
of oxidoreductases (Hernandez-Fernaud &
Ruengeler etal, Nat Commun 2017; 8:14206) ;
Port etal Cancer Discov 2018; 8:632-47 ; van

der Reest & Lilla etal. Nat Commun 2018; 9:1581.

We are continuously striving to develop
methods to answer more complex biological
questions using proteomics and improve the
methods currently in place to enrich the quality
of the data that the facility can provide.
Currently, we are expanding our quantitative
approaches. In addition to SILAC-, dimethyl-

and label-free-based methods for peptide and
protein quantification, we are setting up TMT
labelling approaches, which allow multiplexing
up to ten samples in one. We are also working to
improve the depth of the proteomes achieved
starting with small amounts of sample using
high-pH reverse-phase LC fractionation. This
will enable us to perform improved global
proteomic, sub-proteomic and post-
translational analyses of primary cells and 3D
organotypic cell cultures.
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FUNCTIONAL SCREENING

The Screening facility couples high-throughput functional genomics
screening and drug repurposing approaches with high-content
imaging (HCI) to translate fundamental cancer research towards

new therapies.

In 2017, we extended our major collaboration
with the Bryant lab to successfully utilise our HCI
resources to automate image acquisition and
image analysis of prostate cancer spheroids in
3D. A centralissue around 2D approachesis a
perceived lack of predictive ability of responses
in higher-order, more organised 3D structures.
However, the utility of 3D in vitroapproaches
and comparison with 2D approaches have not
been extensively characterised. Our
collaboration has provided insightinto this
concern and has led to advancements in our
understanding of heterogeneity: this is
important because it is not necessarily the most
common phenotype thatis the most relevant,
and under-represented phenotypes may
represent significant behaviours. Using HCI, we
can provide the required statistical power to give
relevance to these rare phenotypes.

During 2017, we ran a total of five screening
campaigns. To date, we have generated over 5.3
million data points across 32K screening plates.
We have conducted the following screens this
year:

« |dentification of novel therapeutic avenues
for metabolomic and immunogenic
subclasses of pancreatic cancer (Drug
repurposing and HCI)

e Functionalanalysis of solute carrier family
proteins to determine i) serine and ii) glycine
transporters (Functional genomics and HCI
coupled with metabolomics analysis)

« |dentification of putative metabolomic
biomarkers of fascin function (Functional
genomics and HCI)

e Evaluation of HDAC inhibitors as anti-

inflammatory chemopreventatives

(Targeted drug screen and HCl)

ldentification of OXPHQOS inhibitors for the
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treatment of chronic and acute myeloid
leukaemias (Drug repurposing,
spectrophotometrically determined viability)

» Epigenetic modifiers of immmunogenicity in
ovarian high-grade serous carcinoma
(Focused epigenetic drug library, ELISA)

» Pooled CRISPR screen optimisation,
execution and analysis. I[dentification of
mechanisms supporting radioresistance
under hypoxia and normoxia in oral cancer.

Further to this work, we have experienced a
rapidly increasing demand for the imaging
acquisition and automated ‘'machine learning'-
centred analysis we support. Machine-learned
image analysis is a powerful tool, bringing
robustness and throughput to the process, while
alleviating researcher-dependent analysis. After
liaising with several companies, we have
evaluated (e.g. Fig. 1) and subsequently acquired
new instrumentation, whilstimplementing a
modified infrastructure to allow us to deliver to
demand. We propose to further enhance our
capabilities by implementing additional
infrastructure, e.g. bioinformatics-driven
refinement of our image analysis pipelines, so
that we can deliver a complete HCl package.

Publications listed on page 108

Opera Phenix

Both images: 20x, air, I

Figurel

Technical comparison of a prostate cancer spheroid acquired on the Opera Phenix (left) and the Operetta (right). Clear enhancement of the spheroid

physiology can be identified and subsequently quantified
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METABOLOMICS

The Metabolomics facility employs state-of-the-art mass
spectrometry techniques to measure small molecule (metabolite)
changes in cancer cells. We have well-established targeted LC-MS
methods, where we measure approximately 100 metabolites per
sample. For metabolite profiling, we have expanded our capabilities
and are now using both Thermo Scientific's Compound Discoverer
as well as Nonlinear Dynamics' Progenesis Ql software to explore
novel changes in metabolic pathways in cancer cells. For a second
year, we were involved in organising and delivering a practical
metabolomics course at Cold Spring Harbor Laboratory in the USA.

In 2017, we purchased Thermo Scientific's new
Altis Triple Quad mass spectrometer for more
targeted LC-MS/MS analysis. This can offer
increased sensitivity and specificity for known
metabolites. We have three other Thermo
Scientific LC-MS systems (Q Exactive Plus, Q

Exactive and Exactive) with their high-resolution,

accurate mass Orbitrap technology, useful for
metabolite profiling. These are complemented
with our Agilent GC-MS/MS Triple Quad
instrument.

With our targeted approach to metabolomics,
we analyse a range of sample types, including
cell extracts, medium, plasma, urine,
cerebrospinal fluid and, tumour and other
tissues. Having purchased a metabolite library of
600 standards from Sigma, we are increasing
the number of metabolites we can identify on
our LC-MS platform. In one analysis, we can
determine a broad range of metabolites of
different classes, including amino acids, organic
acids, sugars, phosphates (glycolysis and
pentose phosphate pathways), nucleotides and
cofactors (such as CoA, NADH). Experiments
using stable isotope tracers (often labelled with
13C glucose in the medium) enable us to
examine the intracellular kinetics and the
proportional distribution of many metabolites
produced from the tracer. We can calculate
metabolite exchange rates between cells and
the medium in which they are grown.
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Metabolomics can be used to look for novel
metabolic changes, by identifying compounds
showing different abundances in cancer cells,
using an untargeted approach. We are working
with Thermo Scientific's software team for
Compound Discoverer in the USA, beta testing
the newest version of their software. Using
Compound Discoverer has enabled us to further
develop our untargeted approach to
metabolomics over the past year. We can link to
other Thermo Scientific tools, including their
mzcloud database of fragmentation spectra.
Thisis very important for us as this
fragmentation library has been prepared from
Thermo Q Exactive mass spectrometry
instruments and the fragmentation spectra are
much more similar to our own fragmentation
spectra than previously used in silico
fragmentation databases. Our workflow has
been developing throughout the past few years
and we have now taken a large step forward and
have demonstrated inter-batch comparison, by
the use of pooled samples and internal
standards. Changes in metabolites can be
shown using various statistical approaches, such
as PCA and OPLS-DA, and metabolites are
identified using a range of factors, such as
accurate mass, adducts, isotopes and
fragmentation spectra, comparing with the
Human Metabolome Database (HMDB) and
other databases. We are using this technique for
several projects, many involving clinical
samples.

With the help of Jurre Kamphorst's and Alexei
Vazquez's groups, methods are being developed
for GC-MS analysis using our Agilent Triple Quad
mass spectrometer. The method of sample
preparation is more complex than for LC-MS, as
samples need to be derivatised to allow them to
be volatile in the GC. We have methods in place
for fatty acids, amino acids, acetate and formate.

We work closely with the groups of Eyal Gottlieb,

Saverio Tardito, Jurre Kamphorst, Alexei Vazquez,

Vignir Helgason and Karen Vousden and also
support several other research groups within the

Institute who have specific interests in cancer
metabolism. We also have regular meetings with
allthe mass spectrometer users at the Institute,
particularly those in proteomics and lipidomics,
to share knowledge about mass spectrometry.
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Figurel

High-resolution ultrasound
image showing 3D measurement
of a pancreatic tumourina KPC
mouse
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PRECLINICAL PRECISION
PANCREAS

Pancreatic cancer is a major healthcare challenge, predicted to
become the second most common cause of cancer death in the
western world by ~2025. The focus of our research is to better
understand the disease and identify more effective therapies. In
particular, we use genetically engineered models to study different
genetic and transcriptomic subtypes of the disease, and determine
how we can tailor treatments to these tumours. Our lab is part of
PRECISION-Panc, a multi-disciplinary network that aims to learn
more about the disease and pave the way for clinical trials of
personalised therapies by aligning preclinical discovery and

clinical development.

Personalised therapy
Pancreatic canceris a genetically
heterogeneous disease. Whilst mutations in

KRAS, TP53, SMAD4 and CDKN2A are common,

there are many genes mutated less frequently
that may be clinically relevant targets in subsets
of patients. We have been using genetically
engineered mice to model these subsets of
patients who may ultimately benefit from more
personalised approaches to treatment based on
their mutations. For example, KPC mice, which
express endogenous mutant Kras®?® and
p53°f7?H targeted to the pancreas (using Cre-Lox
technology), develop pancreatic tumours
reminiscent of the human disease. By layering
further genetic aberrations onto this model we
have been able to study the importance of
various signalling pathways in tumourigenesis,
and to use these mice to test new therapies and
combinations. Using the state-of-the-art
imaging technologies available in the Institute,
we have been able to monitor tumour growth
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and response to therapy, for example, using
high-resolution ultrasound imaging (Fig. 1). We
are also using novel models to manipulate
genes in different cellular compartments within
the tumour, e.g. fibroblasts or differentimmune
cells, so as to better understand the complex
signalling network that exists within the tumour
microenvironment.

Modulating the immune microenvironment

A distinguishing feature of pancreatic

cancer is the dense desmoplastic stromal
microenvironment that surrounds and supports
the tumour cells, which can account for up to
90% of the tumour volume in human pancreatic
ductaladenocarcinoma (PDAC). This
microenvironmentincludes fibroblasts, stellate
cells, immune cells, blood vessels and
extracellular matrix proteins such as collagen
and fibronectin. We and others have shown that
each component of this stroma can play an
important role in PDAC progression and
influence tumour cell proliferation, metabolism,
migration, response to chemotherapy and
immune evasion (Fig. 2).

A major mechanism of immune evasion by
tumours is via ligation of PD1, an immune
checkpointreceptor on T cells, by ligands PD-L1
and PD-L2 on the surface of tumour and
stromal cells. However, despite excitement
around the use of immunotherapies in other
cancers, unselected clinical trials testing
immune checkpointinhibitors in pancreatic
cancer have been disappointing. We previously
found that ablating neutrophils homing to
pancreatic tumours, via CXCR2 inhibition, could

Figure 2

Crosstalk between tumour cells
and the microenvironment can
affect cell proliferation, survival,
metabolism, immune response
and response to different
therapeutic agents, while
therapeutic agentsin turn alter
these signals and change the
tumour subtype.

Figure 3

IHC for aSMA and RNAscope ISH
to detect PD-L1 demonstrate
significant microenvironmental
changes in CSFIR inhibitor—
treated tumour-bearing KPC
mice.
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inhibit metastasis but also enhance T cell
infiltration into the tumours, providing a
therapeutic opportunity for PD1-blocking
immunotherapy, which could increase survival in
mice even with late-stage disease. More recently,
we have been studying the effects of
macrophage ablation via CSF1R. We have found
thatinhibition of monocyte/macrophage
infiltration alone, via CSF1R targeting, is enough
to extend survival in mice with late-stage
pancreatic cancer. In this scenario, CSFIR
inhibition is sufficient to alter the immune-
suppressive microenvironment, inhibiting PD-L1
expression and reducing fibrosis (Fig. 3), and
allowing activated T cells to accumulate without
the need forimmune checkpoint inhibition.

Genomics and immunotherapy

Recent data have suggested that mutation
burden may also predict the efficacy of immune
checkpointinhibitors. Until recently we have
focused on the role played by the
microenvironmentin immune evasion. We are
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now investigating how the intrinsic genomic
landscape of the tumour, and potential genomic
instability, influences host response to the cancer
or efficacy of immunotherapy. In particular, we
are modelling the effects of DNA damage repair
genes which are mutated in pancreatic cancer,
e.g.BRCAland 2, and ATM, to study the genomic
landscape and to test response to therapies.
There are no predictive markers or signatures for
the use of immunotherapy in tumours with stable
genomes. However, expression analysis of
human pancreatic tumours has identified four
subtypes, and we believe that stratifying based on
subtype may be beneficial. Thus, in the future we
plan to extend genomic and transcriptomic
analyses across a variety of models to define
subtypes and investigate intra-tumour subtype
heterogeneity with a view to preclinically trialling
novel concepts in the appropriate models.
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Figurel

The RUNX/CBFB co-factor
complex is frequently altered

in breast cancer

Using data generated by The
Cancer Genome Atlas (TCGA,
Cell2015) and mined using
cBioPortal (www.cbioportal.
org/), we find that the RUNX/
CBFp genes are altered in over
12% of all breast cancers and
occur as mutations, deletions and
amplifications, demonstrating
the context-dependent nature of
these alterations. RUNXIis the
most altered, in 6% of 974 breast
cancers.
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TRANSGENIC MODELS

OF CANCER

Our lab uses in vivo models to interrogate cancer processes in
physiologically relevant systems. These preclinical models enable
us to follow cancer progression and metastasis, recapitulate human
cancers, and test novel ways to therapeutically target the disease.

A specific interest of our group is in the RUNX/CBFB co-factor
complex and how these proteins contribute to breast and other

epithelial cancers.

Modelling cancer in vivo

Epithelial cancers exist as a complex mix of
tumour cells co-evolving and interacting with
other cell types such as stromal fibroblasts,
blood vessels and immune cells. These 3D
entities ultimately outgrow the organ of origin,
invade surrounding tissue and metastasise to
distant sites. Thus, investigating aspects of the
cancerjourney in a 2D tissue culture setting has
certain limitations, and an integrated
understanding of the process demands
biologically relevant /in vivomodels. To thisend,
our lab uses xenograft, allograftand
sophisticated genetic models of various tumour
types such as breast, ovarian and prostate
cancers, and melanoma. These models allow
us to interrogate the metabolism of both
tumours and the host; track metastatic disease;
and probe novel therapeutic approaches.

We can exemplify how these models are vitalin
translating the seminal findings from the lab to a
physiological setting in some key collaborative
studies with our colleagues at the Institute and
the University of Glasgow. Forexample,
exploiting the vulnerability of cancer cells to
serine and glycine starvation, we used dietary
restriction of these non-essential amino acids to
elicitreduced tumour growth in genetic and
allograft models of intestinal cancer and
lymphoma. This was a fruitful collaboration
with Oliver Maddocks (University of Glasgow)
and Karen Vousden (Beatson Institute), where
we showed that the effectiveness of this
therapeutic approach was highly dependent on
the KRas genetic status of the tumour cells
(Maddocks et al, 2017). We were also delighted
to work with Stephen Tait's lab to show
impressive tumour regression in preclinical

Breast Invasive Carcinoma (TCGA, Cell
2015)

6.8%

3.5%

2.2%
0.3%
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Tissue samples have been
stained for expression of the
RUNX1 (top) and RUNX2 (bottom)
proteins. Normal kidney has low
levels of expression of both
proteins, whilst the tumours
taken from genetic models (left)
and patient biopsies (right) show
elevated levels of expression of
RUNX1and RUNX2.

Kidney Tumour

Normal kidney (Genetic Model)

Normal human Kidney Tumour
Kidney (Patient Biopsy)

RUNX1

RUNX2 (o8 A » _%«':;
- A

models upon triggering of caspase-independent
cell death (Giampazolias et al, 2017), and with
Sara Zanivan's lab showing the in vivorelevance
of how the tumour microenvironment influences
metastatic spread (Reid et al, 2017).

MCL1 as a prognostic indicator and drug
targetin breast cancer

In a study that was initiated in our lab and is an
ongoing collaboration with Kirsteen Campbell
and Stephen Tait (funded by Breast Cancer Now),
we have identified that the pro-survival gene
MCL1is frequently elevated in breast cancer,
correlating with reduced survival and poor
prognosis in patients. Kirsteen has elegantly
shown that by deleting or pharmaceutically
targeting this gene in xenograft and genetic
models of breast cancer, tumour growth is
severely compromised, highlighting the potential
of this gene as a novel drug target for breast
cancer (Campbell etal, 2018). Thisis particularly
exciting considering that inhibitors for this gene
are in developmentand are undergoing clinical
trials for certain leukaemias.

The RUNXgenes in breast and other epithelial
cancers

The RUNXgenes, together with their binding
partner CBFB, form a transcriptional complex
that regulates several key signalling pathways
associated with cancer. For along time, these
proteins have been known to significantly
contribute to the aetiology of human leukaemia.
However, in the last few years we have come to
appreciate that this family of genes are also
altered in specific epithelial cancers, such as
breast cancer (Fig. 1). Whatis particularly
intriguing is the paradoxical role of these
proteins in different types of breast cancer.
RUNXIis amplified in triple negative breast
cancer, which correlates with reduced survival of
patients; yet mutation and deletion of this gene is

found in oestrogen positive— (ER+)— breast
cancers. Using /1 vivobreast cancer models, the
lab has convincingly shown that RUNX1 does in
factactto restrict tumour development at early
stages of disease progression. Furthermore, this
tumour suppressor functionality is potentiated in
the absence of RUNX2. Current studies are
pursuing the mechanism of this further.

We have also uncovered a novel role for RUNX1
and RUNX2 inrenal cell carcinoma, finding high
levels of these proteins in patient biopsies and
preclinical models (Fig. 2). In addition, we have
observed that CRISPR/CAS-9-mediated deletion
of RUNX1in human kidney cancer cell lines
causes areduction in cell growth, and we are
now testing the relevance of this in our in vivo
models.

As discussed above, tumours are comprised of a
milieu of different cell types, and the
microenvironment plays a significantrole in
epithelial cancer development. A long-standing
projectin the lab has been looking at the role of
RUNXZ2 in the tumour microenvironment. We
have identified strong RUNXZ expression in the
fibroblasts of the tumour stroma and find that
fibroblast-specific deletion of Runx2 can slow
mammary cancer development. We are now
investigating whether the expression of RUNX2 in
the host stromal environmentinfluences breast
cancer development using syngeneic allograft
experiments. In addition, we have been using a
range of complex 2D and 3D in vitro assays to
determine how cancer-associated fibroblasts
that have been modulated for RUNXZ expression
interact with and influence breast cancer cell
proliferation, invasion and migration.
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TRANSGENIC
TECHNOLOGY

We use molecular genetic techniques to analyse gene functionin
the progression of cancer. We can introduce precise genetic
alterations into stem cells using methods such as gene targeting or
genome editing. These methods allow us to accurately model the
specific changes detected in human cancers by engineering the
same changes in the same loci in stem cells. Multiple genetic
alterations can be introduced concurrently into the one stem cell
line, allowing us to make highly sophisticated models of human
disease. They allow us to test how these modifications interact
and contribute to the progression of the human disease.

Generating cancer models with stem cell
technology

Stem cells have a number of unique properties
which facilitate their use in modelling human
disease. First, they are amenable to techniques
that allow us to generate accurate genetic
alterations, identical to those found in human
disease. And second, once altered, they can be
differentiated to almost any cell type.
Consequently, the effects of a variety of genetic
alterations can be analysed in the development
of disease not only in the stem cells themselves
butin the cells from the tissues in which the
cancer normally arises.

Towards more precise reagents for cancer
modelling

Although mouse cells are generally good
models of their human counterparts, there are
occasional examples of genetic differences
between mouse and human orthologous
genes. One such example of this type of
difference is the gene Tafazzin (Taz), which has
11 exonsin humans but only 10 in the mouse.
This gene has previously been shown to play a
role in apoptosis and also underlies the human
genetic disease Barth Syndrome.

The human 7azgene shows a number of
differences in splicing between humans and
mice. In particular, the human gene has an
additional exon thatis not present in the mouse
(ENSEMBL Human transcript Taz-001 Exon 5;
ENSEO0003050674). This is especially notable
as the remainder of the intron—exon structure is
identical between mouse and human, with all
the remaining 10 exons being an identical length
in the two species.
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One consequence of this marked difference
between the evolution of human and mouse
Taz genes is thatattempts to replicate human
disease-causing mutations in the mouse may
not give the anticipated results, as any point
mutation introduced to the mouse gene would
only be present in mouse transcripts and not the
full range of alternately spliced transcripts
presentin human, in particular those isoforms
including the human exon 5, not presentin the
mouse.

Replacing the mouse gene with the human
gene was accomplished using gene targeting in
mouse embryonic stem cells. As the entire gene
isonly 7.58kb in the mouse and 10.17kb in
humans, in both cases the entire locus could be
manipulated using conventional plasmid-based
approaches. The replacement of the mouse
gene by the human was done in three simple
steps.

First, the entire coding region and promoter of
the mouse 7az gene was deleted in embryonic
stem cells. Asmall DNA vector was generated
comprising short 5' (green boxin Fig. 1) and 3
(orange box in Fig. 1) homology arms. Between
these homology arms are a single (oxP site and
an FRTsite. Ahygromycin selectable marker
was subsequently introduced into the vector at
the FRTsite by Flp recombinationin £.coli. The
resulting vector was used as a targeting vector in
embryonic stem cells. The frequency of
targeted recombination was enhanced using
CRISPR nucleases designed to cut the genomic
DNA justinside the 3"and 5" homology arms
(indicated by black arrows in Fig. 1). Following
transfection in HM1 embryonic stem cells, the
cells were selected on G418 and resistant

A) Mouse wild-type Taz allele

Homolegy Region 1
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B) Mouse Taz deleted allele
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C) Human Taz locus inserted into the mouse X chromosome

Figurel

Replacing the mouse 7azgene
with the human gene in stem
cells

(a) The wildtype mouse Taz
gene. Exons 1-10 are indicated
by blue boxes. The 5'and 3
regions used to remove the gene
are indicated by green and
orange boxes, respectively. Black
arrows indicate CRISPR cut sites.
(b) The deleted mouse gene
following gene targeting. The
entire coding sequence and
promoter of the 7Tazgene were
removed and replaced by a
hygromycin selectable marker. A
loxPsite (grey triangle) and an FRT
site (orange semicircle). (€) The
human 7azgene inserted into the
mouse X chromosome:; this was
achieved by dRMCE using the
loxPand FRTsites. The red and
light blue boxes indicate the
homology regions used to
recombineer the human
sequences. The positions of the
Roxsites (blue triangles) and the
Neomycin cassette (purple box)
are indicated.

colonies were picked and screened for the
correcttargeting by PCR. Correctly targeted ES
cell clonesidentified will then be used in step 3.

Subsequently, a vector carrying the human
genomic Jaz sequences was cloned. This was
created by recombineering from a human BAC.
DNA comprising two short homology arms was
synthesised in a short vector flanked by three
site-specific recombination sites: a loxPsite on
the 5'side and a Roxsite and an FRT site on the 3’
side. A Rox site was used to recombine a
neomycin-resistant selectable marker cassette by
Dre recombination in expressing £. col..
Subsequently, recombination in DY380 E. Coli
will all the retrieval of the human 7az locus into
the vector by recombination at the small
homology arms.

Lastly, the entire human 7azgene was inserted
into the targeted locus in the mouse X
chromosome by dual recombinase-mediated
cassette exchange (dRMCE; Fig. 1C). Following
retrieval, the human vector was transfected into
the ES cells generated in step 1, in which the
mouse 7azgene has been deleted and which
have loxPand FRTsites inserted at the site of the
Tazlocus. In order to achieve this, the retrieval
vector was co-transfected with pDIRE, which
simultaneously expresses Cre and Flp. The cells
will then be selected on G418. This will select for
cellsin which the introduced vector has replaced
the Hygselectable marker at the 7azlocus by

recombination at the loxPand FRT sites. This will
insertthe human 7az genein the same
chromosomal location and the same orientation
as the original mouse 7azgene.

Taken together, our data show that we have
managed to replace the mouse 7az locus with
the entire region from the corresponding human
gene. Thiswill allow us to test whether the
human gene has identical functions in mouse
cells as the endogenous gene. Futhermore we
can now test the consequences of disease-
relevant mutations in the context of the human
gene..
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TRANSLATIONAL MOLECULAR

IMAGING (TMI)

The Translational Molecular Imaging facility has been renamed and
relaunched to reflect its extended capabilities and broad new scope.
The purpose of this new unitis to enable the clinical translation of

novel molecular imaging approaches from preclinical cancer models

at the Institute into innovative clinical trials. Investment from the

Beatson Cancer Charity of £240k/year is allowing critical infrastructure

iInvestment in radiochemistry, including recruitment of a Senior PET

Chemist, Dmitry Soloviev.

PET Radiochemistry

The Cyclotron Facility at Gartnavel Hospital
currently supports routine production of FDG
(fluorodeoxyglucose) and a small number of
other fluorine-18-labelled clinical tracers. In
2017 we recruited a new Senior PET Chemist,
Dmitry Soloviev, who brings world-class
expertise in carbon-11 labelling of metabolites
for cancerimaging. Carbon-11is a highly
versatile radiolabel, allowing tracing of

many endogenous metabolic pathways.

We are building new capacity at the
Radiopharmaceutical Unit of the West of
Scotland PET Centre by providing a new
radiochemistry platform that will facilitate the

Cyclotron: [FC)C0,; [*F)F
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Figurel

Blueprint for the installation of two identical and universal *C/*F synthesisers (SYNTHRA GmbH, Germany) at the cyclotron facility of the Radiopharmaceutical

development of new carbon-11- and fluorine-
11-labelled PET probes. We are upgrading the
cyclotron and ancillary radiochemistry
equipment to work with carbon-11-labelled
gaseous products and are installing two
identical, universaland automatic *C/**F
synthesisers (Synthra GmbH, Germany) in the
R&D and GMP radiolabelling suites (Fig. 1). Any
radiotracer developed for preclinical research
will be available for rapid translation to human
studies at the Radiopharmaceutical Unitin
Gartnavel Hospital. Installation of the two
synthesisersis planned for 2018, and the first
new tracers — ['Clacetate, [**Flfluoro-ethyl-
tyrosine (FET) and ["'Clmethionine — will be
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Unit of the West of Scotland PET Centre, Gartnavel Hospital, allowing rapid clinical translation of new PET radiopharmaceuticals. R&D: developmentand
production of radiotracers for preclinical research. GMP: production of the pharmaceutical-grade material for clinical studies.
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Figure 2

Positron emission tomography
images, and cellular uptake
mechanisms for several
radiotracers for translational

cancerimaging. ACE, [''Clacetate;

ACSS, acetyl-coenzyme A
synthetase; ASCT2, neutral
amino acid transporter, SLC1A5;
FACBC, trans-1-amino-3-[*F]-
fluorocyclobutane-carboxylic
acid; FAS, fatty acid synthase; FET,
[*®F]fluoroethyltyrosine; FLT,
37-deoxy-3"["®F]-
fluorothymidine; FMISO, ['¥F]
fluoromisonidazole; FSPG,
(4S)-4-(3-[*®F]fluoropropyl)-1-
glutamate; hENT, human
equilibrative nucleoside
transporter, SLC29A1; LAT1/2,
large neutralamino acids
transporters, SLC7A5 and SLC7AS;
MCT, monocarboxylate
transporter, SLC16A1; MET,
[“Clmethionine; pO2, partial
pressure of oxygen; ROS, reactive
oxygen species; TK1, thymidine
kinase 1; X —, cystine/glutamate
transporter, SLC7A11.
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available for preclinical studies in May. The list of
available radiotracers will be gradually expanded
according to the demands of the preclinical and
translationalimaging research projects. Parallel
GMP production of the same tracers will be
established for early-phase clinical trials.

Preclinical and Translational Imaging

PET imaging allows non-invasive assessment of
specific biological processes, such as glycolysis,
fatty acid synthesis, proliferation, redox, hypoxia,
amino acid uptake, and protein and nucleotide
synthesis (Fig. 2). Together with MRI, which
provides functional and high-contrast soft
tissue images, PET can monitor the effectiveness
of novel cancer therapies and increase
understanding of tumourigenesis at the
molecular level. Our new facility will drive in
vivoimaging research projects from preclinical
models through to clinical implementation.

In 2017, the preclinical facility recruited new
personnel and expanded equipment capabilities.
Atalented Senior Scientific Officer, Emma
Johnson, has joined the group to support
preclinicalimaging studies, and we have installed
an automatic gamma counter, cryomicrotome
and multi-mouse anaesthetic platform for
high-throughput tumour characterisation,
complementing the non-invasive imaging
available with our state-of-the-art NanoScan
PET/MRI scanner. We redesigned, renovated

and extended the laboratory to facilitate this
increased workflow.

This year, in collaboration with Hing Leung, we
explored whether PET could monitor the effects
of androgen deprivation therapy in prostate
cancer. We observed reduced uptake of [°F]
FACBC, a novel SLC7A5 and SLC1AS transporter
tracer, in castrate-resistant compared to castrate-
sensitive prostate cancer orthografts, suggesting
that FACBC could be used for detecting the
emergence of treatment resistance. This work
was presented at the World Molecular Imaging
Conference in Philadelphia. This year we will be
exploring the role of PET/MRI in phenotyping
subtypes of colon cancer and studying metabolic
progression in breast and

pancreatic tumourigenesis.
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Head of Research Facilities

Sue Fowler

RESEARCH FACILITIES

Research Facilities support Beatson Institute research groups and
University of Glasgow groups based on the Beatson site. This year
there has been investmentin major new equipment. The Flow
Cytometry Facility acquired a BD FACSAria Il Cell Sorter; the
Histology Facility purchased a second Leica Bond RX autostainer for
fully automated /n situ hybridisations; the Molecular Technology
Service has upgraded a Biomek FXP for RNA-seq library preparation;
and Information Technology has significantly extended the capacity

of the new main storage server. In addition, Laboratory Management

have replaced several main pieces of core equipment, and Building
Facilities have been active with a number of projects to upgrade

laboratory areas.

Building Facilities
Alistair Wilson, Alex Kernahan, John Trivett

Building Facilities manage the outsourced
provision of catering and janitorial services. We
provide maintenance support for the Institute
buildings, manage alterations and
refurbishments, and ensure that all statutory
compliance issues with respect to buildings
and systems are up-to-date. An online
helpdesk is used as an effective means to log
and react to calls for maintenance and repair.

This year, there have been projects to upgrade
the PET imaging facility and create a connected
suite of rooms to facilitate the workflow and
accommodate additional equipment. There
have also been a number of laboratory
alterations to facilitate installation of new
equipment and the creation of additional

office space.

Central Services

Margaret Laing (Supervisor), Elizabeth
Cheetham, Dilhani Kahawela, Kirstie
McPherson, Jonny Sawers, Lauren Ure, Linda
Scott, Tracy Shields, Rose Steel, Robert Storey

Central Services perform a wide range of
duties, including cleaning and sterilisation of
reusable laboratory glassware, sterilisation of
consumables and preparation of tissue culture
solutions, bacterial culture media and

88 SCIENTIFIC REPORT 2017 CANCER RESEARCH UK BEATSON INSTITUTE

Drosophilafood. The team cleans and checks
equipment such as centrifuge rotors, X-ray
processors, water baths and pH meters. On a
daily basis, italso stocks the tissue culture
suites, and collects and autoclaves laboratory
waste to make it safe.

Flow Cytometry
Tom Gilbey, Tim Harvey

Flow Cytometry combines the flow facilities of
the Institute and the neighbouring Wolfson
Wohl building to create a comprehensive
service. We provide advice, assistance and
education to researchers on all aspects of flow
cytometry.

Pre-acquisition, users discuss their needs with
facility staff to get advice on which instrument
to use, the best combination of fluorochromes
and the correct controls and gating strategy.
Before working on their own, researchers are
trained to use the analysers and templates are
created to enable data acquisition. Due to their
complexity, only facility staff members operate
the cell sorters. Post-acquisition, facility staff
can help researchers analyse their data using
various software options.

The service has a number of cell analysers and
sorters: BD FACSCalibur, for simple flow
experiments such as cell cycle and proliferation
studies; BD FACSVerse, for most routine flow

/ iﬁ

experiments, including analysis on 6- to
96-well plates; Attune NxT (Applied
BioSystems), for complex flow analysis,
including analysis of rare events and red
fluorescent proteins; BD Fortessa, recently
acquired for complex flow analysis; BD
FACSAria, for sorting red fluorescent proteins
and identifying side populations in a sample;
and BD FACSAria Fusion, enclosed in a class
Il safety cabinet for safely sorting samples
such as virus-transfected cells and human
primary cells.

Histology Service

Colin Nixon, Barbara Cadden, Brenda McGuire,
Christine Whitelaw, Fiona McGregor, Gemma
Thomson, Mark Hughes, Saira Ghafoor, Shauna
Currie Kerr, Vivienne Morrison, Wendy Lambie

The Histology Service processes a wide range
of tissue samples and cellular material fixed in
an array of different fixatives. Tissue samples are
trimmed, processed and orientated in paraffin
wax blocks for sectioning and staining. Three
large-capacity, automated tissue processors
allow large-scale, consistent processing,
although specialised processing cycles can
also be designed. Other material such as
organotypic slice cultures, cell pellets,
spheroids and agar plugs can also be
processed to provide a wax block for sectioning
and further investigation. All sections are
stained with haematoxylin and eosin for a
general analysis of cellmorphology and
structure before more specialised histology
stains are used to investigate specific tissue
structures.

When fixation is not required, we also

offer a frozen section resource, allowing
frozen tissue, embryos or cells to be
sectioned and stained using routine
histological, immunohistochemical or
immunofluorescence methods. Both
paraffin-embedded and frozen tissue can be
sectioned for DNA/RNA investigation, PCR
analysis and immunofluorescence staining.

We also offer a comprehensive
immunohistochemistry service that includes
access to a large repertoire of previously
validated antibodies, three autostainers that
allow consistent, high-quality staining, and
training for researchers. New antibodies can be
optimised to produce a working protocol that
allows the antibody to be used on an
autostainer or by a researcher. In addition, we
provide /n situhybridisation using a reagent
system designed to visualise cellular RNA
targets in formalin-fixed, paraffin-embedded
tissue sections and bright-field microscopy.
Staining for this is performed on a Leica Bond
RX autostainer, and specific probes can be
purchased or designed to exact specifications
by external companies such as Advanced Cell
Diagnostics.

The facility has a Leica LMD6500 laser
microdissection system that allows
subpopulations of tissue cells to be obtained
from histological slides under microscopic
visualisation. Both DNA and RNA material can
thus be retrieved from the tissue sections for
downstream analysis. Italso provides a fully
automated, large-capacity Leica SCN400F
slide scanner capable of capturing bright-field
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or fluorescentimages. This enables
high-quality digital images to be scanned and
stored and, if required, quantification to be
performed. The image analysis software
allows staining techniques to be scored using
specifically designed algorithms. Finally, if
required, mouse tissue microarrays (TMA) can
be constructed using paraffin-embedded
tissue blocks.

Information Services
Peter McHardy, lain White

Information Services provides server support,
hardware cover, an on-site helpdesk for both
repair and software support as well as help with
hardware selection and user training. There are
over 350 users with over 400 PCs on site,
comprising a mixture of Windows computers,
Apple Macs and Linux machines. All have
central authentication, central file store and
network printing. The servers have in excess of
750 TB of online storage, with frequent
backups, to provide support for microscopy,
DNA sequencing and mass spectrometry data.
Our central data store is a multi-headed Isilon
storage system, offering fast access to data and
the ability to expand the network file space
easily and in a manageable way.

AlLPCs are built with a common desktop
environment, around Windows or Mac OS X
and Microsoft Office, and are actively managed
and upgraded to ensure the best possible
working environment. Mac OS X High Sierra is
being rolled out across the site and Windows
computers upgraded to Windows 10 where
appropriate. All email services run on Microsoft
Exchange, which allows local client-based
access and web access to email, as well as
delivering email, diaries and address books to
mobile devices, including iPhones, iPads and
other smart phones.

Migration from physical servers to virtual
servers using VMware® is complete. We offer
access to virtualised servers for research
groups, allowing them greater flexibility for
both testand production applications. This also
allows us to provide virtual workstations for
researchers with both high core counts and
large amounts of RAM, making them ideal for
mass spectrometry analysis or other
computationally intense applications. We
currently provide virtual desktops for OS X users
requiring access to Windows-based packages.
We have rolled out vApps for specific imaging,
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proteomics and metabolomics applications.
Significant investment has been put into
creating documentation and procedures to
allow us to run the service in a manner
commensurate with ITIL. Thisis used as the
foundation of our business continuity
documentation and has led to the revision and
ongoing improvement of many of our
day-to-day working practices. Our intranet
uses a content management system
framework, allowing service managers and
supportdepartments the ability to easily upload
forms and information for users.

Arange of replacement hardware is stored
on-site to allow fast repairs. A good selection of
loan IT hardware, from USB drives to digital
projectors, is held centrally. We provide video
conferencing facilities, enabling conference
calls between the Institute and other CRUK
sites as well as many other locations. Audio-
visual support services for large conferences
have been provided ata number of
international venues, as well as overseeing the
in-house 17/8-seat theatre.

Laboratory Management

Laura Bence, Richard Selkirk, Michael
McTaggart, George Monteith, Michael Kilday,
Karen Thomas

Laboratory Management provides advice,
training and information to all staff on health
and safety issues, especially with regard to risk
assessments and appropriate control measures
necessary for laboratory work involving
biological, chemical and genetic modification
processes. Safety with regard to fire risk is also
managed. Health and safety processes are
reviewed and monitored regularly, as are
training needs, in order to fulfil the Institute’s
legal obligations to staff. All staff and students
are required to attend a safety update seminar
once a year and new starts attend a series of
safety induction talks.

We also oversee equipment servicing,
replacementand purchase. Servicing and
maintenance of core equipmentis essential
and carefully managed and coordinated to
ensure equipment breakdowns are keptto a
minimum. Any equipment repairs are
coordinated to ensure these are dealt with as
efficiently and effectively as possible. Service
contracts for core equipment are reviewed
annually and procured centrally to ensure costs
are keptas low as reasonably practical. We have

effective procurement processes and liaise with
Cancer Research UK purchasing to take
advantage of any centralised agreements. We
also have a good relationship with suppliers to
ensure we achieve best prices and discounts
for goods. All outgoing orders are monitored to
ensure compliance with Institute safety
procedures, particularly those relating to
COSHH. In addition, assistance is given to users
to enable smooth processing of their orders
and to ensure best prices are used and orders
comply with any requirements for import or
regulatory requirements.

This year the stores facility welcomed Michael
Dott to the team. The Stores facility stocks a
wide range of consumables, with rapid
re-stocking to ensure high-use materials are
always available. This year the Stores team have
worked hard, in conjunction with Finance, to
improve the stock taking system, and the stock
labelling system, to increase efficiency and to
achieve better clarity on stock status. ltems can
be withdrawn on a self-service basis with
automatic cost centre allocation. A porter
service is run to deliver external orders to the
researchers, while stores processes outgoing
samples or materials for courier collection. We
also negotiate free samples from suppliers to
enable the scientific staff to assess new or
alternative products. By maintaining a good
relationship with suppliers, preferential pricing
is obtained, especially for bulk orders. As a
result of these negotiations and better
turnaround times from suppliers, we have been
able to reduce the overall value of stock held
without compromising supply lines to the
laboratories.

Molecular Technology and Reagent
Services
Billy Clark, Jillian Murray, Andrew Keith

The Molecular Technology Service provides
routine sequencing of plasmids and PCR
products on an Applied Biosystems 3130x! (16
capillary) Sequencer, which has good sample
throughput, long read lengths and a sample
turnaround time of 24 hours. Post-PCR
products can now be purified for sequencing
by the addition of USB ExoSAP-IT (Applied
Biosystems). In recent years, DNA sequencing
has been revolutionised by the introduction of
next-generation technologies, offering
large-scale sequencing in a matter of hours. An
[llumina NextSeg500 platform has enabled us
to sequence libraries at a lower cost with

increased data output and a faster turnaround
time. Protocols currently used are ChlP-seq
and RNA-seq. Upgrading of a Beckman FX?
workstation has enabled us to increase library
throughput for NGS. QC of libraries is done
using a Qubit fluorometric quantification assay
and an Agilent Tapestation 2200.

Small-scale DNA purification is performed on a
Qiagen 8000 Biorobot. Researchers provide
overnight bacterial cultures that are processed
by the facility. We continue to provide a very
popular large-scale DNA purification
(maxiprep) service from bacterial cultures.

Human cell line authentication using the
Promega Geneprint 10 Kitis available as an
internal service. Samples are run on the Applied
Biosystems 3130xl Sequencer (Gene Fragment
Analysis) and analysed using Genemapper v4.0
software (Applied Biosystems). Regular cell line
authentication is important to confirm data
integrity and is increasingly requested by
journals.

The Reagent Service ensures the servicing and
fumigation of biological safety cabinets which
is coordinated every six months with the
engineer. The mycoplasma screening service
offers testing of cells every three to four
months. Newly imported cell lines are tested as
soon as possible after arrival using a luciferase
assay that detects mycoplasmal enzymes.
Hoechst staining to detect the presence of
mycoplasma DNA, enzyme immunoassay
against the four most common species of
mycoplasma or a colorimetric microplate assay
to detect 16S ribosomal mycoplasma RNA can
also be used.

The facility prepares cell-derived matrices from
Tiff 5 cells to order, stocks commonly used
tissue culture medium and coordinates batch
testing of serum. It provides a range of
commonly used buffers, for example 10X TBST
and bacterial growth reagents. Each productis
tested for suitability of use and sterility where
possible before being released for general
stock. The preparation of antibiotic bacterial
culture plates has been automated using a
Mediaclave (Integra Biosciences AG) to sterilise
and dispense into the plates.
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Weigert M, Binks A, Dowson S, Leung EYL,
Athineos D, Yu X, Mullin M, Walton JB, Orange
C, Ennis D, Blyth K, Tait SWG, McNeish IA.
RIPK3 promotes adenovirus type 5 activity. Cell
Death and Disease 2017; 8: 3206

Woodham EF, Paul NR, Tyrrell B, Spence HJ,
Swaminathan K, Scribner MR, Giampazolias E,
Hedley A, Clark W, Kage F, Marston DJ, Hahn
KM, Tait SW, Larue L, Brakebusch CH, Insall
RH, Machesky LM.

Coordination by Cdc4?2 of Actin, Contractility,
and Adhesion for Melanoblast Movementin
Mouse Skin. Curr Biol 2017; 27: 624-37

Other Publications

Giampazolias E, Tait SWG.
Caspase-independent cell death: an anti-
cancer double-whammy. Cell Cycle 2017 Nov
23:1-5.doi: 10.1080/15384101.2017.1408229.
[Epub ahead of print]

Ichim G, Tait SWG.

Cancer therapy-induced PAFR ligand
expression: any role for caspase activity? Nat
Rev Cancer 2017;17: 253

Simon HU, Friis R, Tait SW, Ryan KM.
Retrograde signaling from autophagy
modulates stress responses. Sci Signal 2017,
10: pii: eaag27/91.

Saverio Tardito (page 36)

Oncometabolism

Primary Research Papers

Fack F, Tardito S, Hochart G, Oudin A, Zheng L,
Fritah S, Golebiewska A, Nazarov PV,

Bernard A, Hau AC, Keunen O, Leenders W,
Lund-Johansen M, Stauber J, Gottlieb E,
Bjerkvig R, Niclou SP.

Altered metabolic landscape in IDH-mutant
gliomas affects phospholipid, energy, and
oxidative stress pathways. EMBO Mol Med
2017;9:1681-95

Kuntz EM, Baquero P, Michie AM, Dunn K,
Tardito S, Holyoake TL, Helgason GV,

Gottlieb E.

Targeting mitochondrial oxidative
phosphorylation eradicates therapy-resistant
chronic myeloid leukemia stem cells. Nat Med
2017 23:1234-40

Alexel Vazquez (page 38)
Mathematical Models of Metabolism

Primary Research Papers

Bulusu V, Tumanov S, Michalopoulou E, van
den Broek NJ, MacKay G, Nixon C, Dhayade S,
Schug ZT, Vande Voorde J, Blyth K, Gottlieb E,
Vazquez A, Kamphorst JJ.

Acetate Recapturing by Nuclear Acetyl-CoA
Synthetase 2 Prevents Loss of Histone
Acetylation during Oxygen and Serum
Limitation. Cell Rep 2017; 18: 647-58

Burgos-Barragan G, Wit N, Meiser J, Dingler
FA, Pietzke M, Mulderrig L, Pontel LB, Rosado
IV, Brewer TF, Cordell RL, Monks PS, Chang
CJ, Vazquez A, Patel KJ.

Mammals divert endogenous genotoxic
formaldehyde into one-carbon metabolism.
Nature 2017; 548: 549-54

Dolfi SC, Medina DJ, Kareddula A, Paratala B,
Rose A, Dhami J, Chen S, Ganesan S, Mackay
G, Vazquez A, Hirshfield KM.

Riluzole exerts distinct antitumor effects from
a metabotropic glutamate receptor 1-specific
inhibitor on breast cancer cells. Oncotarget
2017, 8:44639-53

Fernandez-de-Cossio-Diaz J, Vazquez A.
Limits of aerobic metabolism in cancer cells.
SciRep 2017;7:13488
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Other Publications

Meiser J, Vazquez A, Hiller K.

DJ1at the interface between neuro-
degeneration and cancer. Oncotarget 2017; 8:
9015-6

Vazquez A (2017)
Overflow Metabolism: From Yeast to Marathon
Runners. 1st Edition. Academic Press

Sara Zanivan (pages 62 & 73)

Tumour Microenvironment and Proteomics

Primary Research Papers

Diaz-Vera J, Palmer S, Hernandez-Fernaud JR,
Dornier E, Mitchell LE, Macpherson |, Edwards
J, Zanivan S, Norman JC.

A proteomic approach to identify endosomal
cargoes controlling cancer invasiveness. J Cell
Sci2017;130: 697-711

Hernandez-Fernaud JR, Ruengeler E, Casazza
A, Neilson LJ, Pulleine E, Santi A, Ismail S, Lilla
S, Dhayade S, MacPherson IR, McNeish |, Ennis
D, Ali H, Kugeratski FG, Al Khamici H, van den
Biggelaar M, van den Berghe PV, Cloix C,
McDonald L, Millan D, Hoyle A, Kuchnio A,
Carmeliet P, Valenzuela SM, Blyth K, Yin H,
Mazzone M, Norman JC, Zanivan S.

Secreted CLIC3 drives cancer progression
through its glutathione-dependent
oxidoreductase activity. Nat Commun 2017, 8:
14206

Kugeratski FG, Batista M, Lima CVP, Neilson LJ,
da Cunha ES, de Godoy LM, Zanivan S, Krieger
MA, Marchini FK.

Mitogen-Activated Protein Kinase Kinase 5
Regulates Proliferation and Biosynthetic
Processes in Procyclic Forms of Trypanosoma
brucei. J Proteome Res 2018; 17:108-18. doi:
10.1021/acs jproteome.7b00415. Epub 2017
Nov 7.

Reid SE, Kay EJ, Neilson LJ, Henze AT, Serneels

J, McGhee EJ, Dhayade S, Nixon C, Mackey JB,

Santi A, Swaminathan K, Athineos D,
Papalazarou V, Patella F, Roman-Fernandez A,
ElMaghloob Y, Hernandez-Fernaud JR, Adams
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RH, Ismail S, Bryant DM, Salmeron-Sanchez M,
Machesky LM, Carlin LM, Blyth K, Mazzone M,7,
Zanivan S.

Tumor matrix stiffness promotes metastatic
cancer cell interaction with the endothelium.
EMBO 2017; J 36:23735-89

van den Eshof BL, Hoogendijk AJ, Simpson PJ,
van Alphen FPJ, Zanivan S, Mertens K, Meijer
AB, van den Biggelaar M.

Paradigm of Biased PAR1 (Protease-Activated
Receptor-1) Activation and Inhibition in
Endothelial Cells Dissected by
Phosphoproteomics. Arterioscler Thromb Vasc
Biol 2017, 37:1891-1902

Other Publications

Norman J, Zanivan S.

Chloride intracellular channel 3: A secreted
pro-invasive oxidoreductase. Cell Cycle 2017;
16;1993-4

Reid SE, Zanivan S.

Tumor stiffness extends its grip on the
metastatic microenvironment. Mol Cell Oncol
2017; 4:e1372866

Santi A, Kugeratski FG, Zanivan S.

Cancer Associated Fibroblasts: The Architects
of Stroma Remodeling. Proteomics 2017; Dec
27.doi: 10.1002/pmic.201700167. [Epub ahead
of print]

John Paul Career Award

All third year PhD students at the Beatson are
eligible for this award, named after Dr John
Paul, the founding Director of the Institute.
Candidates prepare a progress report on their
work and give a talk to staff and other students.

The winner of this year's award was Jiska van
der Reest from Eyal Gottlieb's group. She has
been using proteome-wide analyses of
cysteine oxidation to reveal metabolic
sensitivities to redox stress.

Theses

Fort, Loic (2017) FAM498B: first negative
regulator of the Scar/WAVE complex. From
evolution to an in vivo analysis [PhD thesis,
University of Glasgow, Beatson Institute]

Sierra Gonzalez, Pablo (2017) Understanding a
new role for D-mannose in modulating
tumour growth and cancer therapy [PhD
thesis, University of Glasgow, Beatson Institute]

Koh, Yvette Wui Hui (2017) Deciphering the
role of LPA and pseudopod machinery during
melanoma chemotaxis [PhD thesis, University
of Glasgow, Beatson Institute]

Kugeratski, Fernanda Grande (2017) The
secretome of hypoxic mammary cancer-
associated fibroblasts unveils pro-angiogenic
factors [PhD thesis, University of Glasgow,
Beatson Institute]

Kuntz, Elodie Marie (2017) An investigation of
metabolic vulnerabilities in chronic myeloid
leukaemic stem cells [PhD thesis, University of
Glasgow, Beatson Institute]

Monteverde, Tiziana (2017) Investigating the
function and regulation of NUAK1 and its role
in non-small cell lung cancer [PhD thesis,
University of Glasgow, Beatson Institute]

Rodgers, Lisa (2017) The phosphagen system
in prostate cancer [PhD thesis, University of
Glasgow, Beatson Institute]
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CONFERENCES AND

WORKSHOPS

Cancer Research UK
Beatson International
Cancer Conference

'Feeding the Beast' - The Metabolic
Landscape of the Tumour and its Host

2-5July 2017

Bute Hall, University of Glasgow

Scientific Committee: Jim Norman, Eyal
Gottlieb, Jurre Kamphorst, Oliver Maddocks,
Saverio Tardito, Alexei Vazquez, Karen Vousden

Our 2017 conference focused on a topic that
has huge potential to impact cancer treatment
and prevention - the metabolic vulnerabilities
of cancer cells, and how the interplay between
tumour, stroma and systemic metabolism
contributes to cancer progression. We were
delighted to welcome Tak Wah Mak (Toronto)
to the opening session to give the 10th Colin
Thomson Memorial Keynote Lecture,
sponsored by Worldwide Cancer Research
(WCR), in which he addressed the controversial
role of reactive oxygen species (ROS) in tumour
developmentand responses to anti-cancer
therapies. We also heard from Lewis Cantley
(New York, sponsored by the Multidisciplinary
Digital Publishing Institute) about new
approaches to killing cancer cells using
phosphoinositide 3-kinase inhibitors and by
targeting the metabolic pathways that cancer
cells utilise to suppress ROS.

There were a number of excellent
presentations throughout the meeting,
including selected short talks by Thales
Papagiannakopoulos, Emmanuel Dornier,
Ramon Klein Geltink, Constantinos Alexandrou,
David Lewis, Celia Berkers, Naama Kanarek,
Andres Mendez-Lucas, Liron Bar-Pelled, Mattia
Falcone (sponsored by WCR) and Arafath
Najamudeen (sponsored by Advanced Cell
Diagnostics). Transnetyx supported the
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“Tumour Microenvironment’ session, and
AMSBIO-Trevigen the poster session. The
meeting was generously co-sponsored by
Cancer Research UK and Worldwide
Cancer Research.

Congratulations went to James Conway
(Garvan Institute), who was awarded the
AMSBIO-Trevigen best poster prize for his work
entitled 'Dual FLIM/PLIM imaging identifies
hypoxic regions resistant to PI3K-pathway
targeted therapies in pancreatic cancer’, and
Ramon Klein Geltin who won The Biochemist
short talk prize for his presentation describing
mitochondrial priming by CD28.

Talk to the Niche 2018

One of the main challenges faced by clinicians
engaged in treating solid tumours is that, at the
time of diagnosis, malignant cells have already
left the primary tumour and are either present
in the circulation or have taken up residence in
other organs. Thus, following complete
excision of the primary tumour, these
disseminated cells lie dormant, only to later
appear as frank metastases. Itis clear therefore
that we need new ways to identify primed
metastatic niches, and to develop strategies for
targeting these therapeutically, following
resection of primary tumours. Our 2018
meeting (‘Talk to the Niche' — Understanding
the Biology of the Metastatic Niche, 1-4 July
2018) will directly address the nature of the
metastatic niche. We will discuss the
components of the extracellular matrix that
contribute to niche priming, how the immune
system can foster metastasis and how these
elements may be targeted therapeutically (see
www.beatson.gla.ac.uk/conf for more details
and to register). This meeting series is designed
to be a relaxed and friendly one where
delegates and invited speakers have a chance
to interact on both a scientific and social basis.

o

“TALK TO THE NICHE -

OMNFEREMCE

Understanding the Biology of the Metastatic Niche"

Sunday July 1st = Wednesday July 4th, 2018

KEYNOTE SPEAKER: Vil Weswr

Mo Mamsalian Medels of Invasicn and Melasiasis

wammaliba Modeli of Medaitaiin pnd Darmancy

Beatson Workshop

Understanding Tumour Immunology

3 -4 September 2017

CRUK Beatson Institute, Glasgow

Scientific Committee: Seth Coffelt, Leo Carlin,
Jim Norman

Tumourimmunology is a topic of considerable
interest to a number of groups at the Institute
as well as within both the Glasgow and
Edinburgh Cancer Research UK Centres. The
focus of this meeting, led by junior group
leaders Seth Coffeltand Leo Carlin, brought
together a wide breadth of experts who
investigate immune cell biology in both cancer
and inflammatory disease with the intent of
understanding immune cell behaviour
throughout tumour development. The invited
speakers spanned the gamut of innate and
adaptive immune cells, and included keynote
speaker Karin de Visser (NKI).

The meeting was generously sponsored by
Zeiss (keynote speaker), Roche (Carola Ries’
talk, student travel bursaries), EACR (Miki de
Palma'’s talk, poster prizes), Eurogentec,
Milyenyi Biotec and BioLegend.

Scottish Microscopy
Group Symposium 201/

We, and in particular the Beatson Advanced
Imaging Resource (BAIR), were delighted to
host this symposium at the Institute on 22
November 2017. The theme of the meeting
was ‘resolution” and consisted of presentations
covering acoustic imaging, flow cytometry
with microscopy, light microscopy, super-
resolution microscopy and electron
microscopy, including the Nobel Prize—
winning technique of cryo-EM. There were
also microscopy facility presentations, a public
engagement lecture, demonstrations by Zeiss
(Airyscan), Leica (TIRF) and OMERO (OMERO-
figure), a trade show and an imaging
competition.

Open Evenings

Two very well-subscribed open evenings
were held at the Institute this year for school
students, teachers, members of the public and
Cancer Research UK supporters, one in March
(during National Science and Engineering
Week) and the other in September. Our
enthusiastic volunteers provided a series of
very engaging talks, lab tours and demos for
the visitors.
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SEMINARS

The following seminars were held at the Cancer Research UK
Beatson Institute during 2017,

Karin de Visser (NKI) speaking at
this year's Beatson workshop

January

Andrew Tobin, Institute of Molecular Cell and
Systems Biology, University of Glasgow

February

Jukka Westermarck, University of Turku and
Abo Akademi, Finland

Riccardo Fodde, Erasmus MC, Rotterdam,
Netherlands

March

Santiago Zelenay, CRUK Manchester Institute

Pierre Mangin, EFS-Grand-Est, Strasbourg,
France

Annemarie Meijer, Institute of Biology, Leiden
University, Netherlands

Josephine Bunch, National Physical
Laboratory, London

April

Fabricio Loayza, Netherlands Cancer
Institute, Amsterdam

May

Distinguished Seminar Speaker:
Julian Downward, Oncogene Biology
Laboratory, The Francis Crick Institute, London

Distinguished Seminar Speaker:
Ultan McDermott, Wellcome Trust Sanger
Institute, Cambridge
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June

Tracy Robson, Royal College of Surgeons in
Ireland, Dublin

Victoria Cowling, Centre for Gene Regulation
and Expression, University of Dundee

Distinguished Seminar Speaker:
Jannie Borst, Netherlands Cancer Institute,
Amsterdam

August

Robert Rottapel, Departments of Medical
Biophysics and Immunology, University of
Toronto, Canada

Thomi Brunner, University of Konstanz,
Germany

September

Christopher Lord, The Breast Cancer Now Toby
Robins Breast Cancer Research Centre, London

Chris Madsen, Faculty of Medicine, Lund
University, Sweden

Brent Derry, Hospital for Sick Children, Toronto,
Canada

Lluis Montoliu, National Centre for
Biotechnology (CNB-CSIC), Madrid, Spain

Evan Reid, Cambridge Institute for Medical
Research and Department of Medical Genetics,
Addenbrooke's Hospital, Cambridge

October

Richard Houlston, Institute for Cancer
Research, London

Rob Snelgrove, National Heart & Lung Institute,

Imperial College London

Ernst Lengyel, University of Chicago Medicine,
USA

November

Gerhardt Attard, Cancer Research UK Clinician
Scientistand Honorary Consultant, The
Institute of Cancer Research and the Royal
Marsden, Sutton

Aaron Schimmer, Princess Margaret Cancer
Centre, Toronto, Canada

Daniel Longley, Queen's University, Belfast
Francis Stewart, Center for Molecular and

Cellular Bioengineering, Technische
Universitat, Dresden

December

Eric O'Neill, CRUK/MRC Oxford Institute for
Radiation Oncology
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STUDENTSHIPS AND
POSTDOCTORAL FELLOWSHIPS

The training and career development of students and staff is essential
IN our mission to support cancer research of the highest standard.
Our aim s to continue to attract enthusiastic scientists and clinicians
early in their careers to work with our established staff and to draw on
their experience but also to spark new ideas in a stimulating research
environment. As well as learning a very wide range of practical and
technical skills, our junior researchers participate in all intellectual
activities and present and discuss their own work at internal seminars

and external meetings. We provide support and facilities of the
highest standards and scientific interactions are encouraged by
our international conference, workshops and seminars and by
funding participation in external meetings.

PhD Studentships

The purpose of our clinician/graduate training
programme is to give students and clinical
fellows starting in research an opportunity to
work in state-of-the-art laboratories. This
enables them to assess and develop their
research talents to the full, to decide whether a
research career suits them and to use their
period of graduate study as a springboard for
their future career path. Our four-year
studentships are designed to give graduates
who show a strong aptitude for research the
opportunity to complete substantial research
projects resulting in very good publications. All
students receive training in safe working
practices, writing project reports, good practice
in research and other transferable skills. Training
also involves learning to be an independent
scientist, and students participate fully in the
intellectual life of the Institute, attending and
giving seminars and actively contributing to
scientific discussions. Students are also given
the opportunity to present posters on their work
atnational and international conferences to
enhance their network of scientific contacts.

Our students are registered at the University of
Glasgow and are allocated primary and
secondary supervisors who are jointly
responsible for supporting and monitoring their
performance and progress. The primary
supervisor is responsible for developing the
student’s abilities, providing all practical support
required for the project and dealing with any
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administrative matters required in relation to the
University or funding body. The secondary
supervisor gives additional guidance by
providing independent advice on any matters
concerning the studentship. Students are also
assigned two panel reviewers to assist them in
reviewing their progress and training needs.

Postdoctoral Research Scientists and Fellows
We see postdocs as pillars of the research and
intellectual activities of their own groups and of
the Beatson Institute as a whole. The training
programme is designed to promote the
development of outstanding and dedicated
junior scientists, and we hope that by the end of
their tenure they will be ready to compete foran
independent position. Postdocs are initially
employed for three years but outstanding
individuals who are developing into
independent scientists may be given additional
supportand responsibility — such as more
technical help or mentoring a postgraduate
student. At the discretion of their group leader,
funding may be extended for two more years.

For further details on Studentships,
Postdoctoral and other posts currently
available, see our website
www.beatson.gla.ac.uk.

www.glasgow.gov.uk and
www.peoplemakeglasgow.com give
general information about Glasgow and
other useful links.
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OPERATIONAL SERVICES

Finance and Human Resources
Director and Company Secretary:
Peter Winckles ACA DChA

Finance

Gary Niven CA, Richard Spankie CA, Nicki
Kolliatsas, Jacqui Clare, Karen Connor, Lynn
Wilson, Patricia Wylie

Human Resources
Angela Stuart CIPD, Elaine Marshall CIPD

Our mission is to enable cancer discovery for
patient benefit by providing a professional
finance and human resources service to our
stakeholders to allow them to efficiently and
effectively manage the Institute’'s resources.
OQur vision is to be a Finance and Human
Resources team that is professional, open,
inclusive and collaborative.

The Finance team is responsible for the
provision of all financial management
information to Institute senior managers,
budget holders and the Board of Directors
(Trustees). They work with all managers,
providing them with relevant information, to
help manage and control their budgets and
thus ensure that decisions concerning the
allocation of the Institute’s research resources
provide the best use of stakeholders' funding.

Building on the successfulimplementation in
2015 of the new finance system, the team have
continued to develop and improve the range of
costing and managementinformation required
by operational managers. Key projects started
during the year include the development of a
five-year forecasting and scenario planning
modeland a restructure of the team to create a
dedicated role focussed on budgeting and
forecasting.

Our professionally qualified Human Resources
team provides support and advice across a
wide spectrum of issues, including recruitment,
performance management, learning and
development, pay and grading, absence
management, employee relations and
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employee engagement. They also play a vital
role in providing managers with the necessary
budgetary and legal information with the aim of
helping managers to more effectively manage
their key resources — our people. In 2017, the
team commenced the Institute’s first employee
engagement survey, the results of which are
now informing the people strategy for the
future. We also continued to roll out our First
Line Manager Development Programme to
continue our investmentin developing line
managers and improving performance.

In addition, the Finance and Human Resources
team s also an important link in our association
with the University of Glasgow through the
coordination and administration of grants,
payment of suppliers and staffing.

Administration

Sheila McNeill (PA to the Director), Rebecca
Gebbie, Eleanor Best, Barbara Laing, Sarah
Price, Catriona Entwistle

The Administration team, headed by the PA to
the Director, provides an extensive range of
secretarial and office services. These include
assisting with staff recruitment; organising
travel and accommodation; internal and
external seminar arrangements; organisation of
the Institute’s annual conference, workshops
and open evenings; database maintenance;
and the running of the main reception for the
Institute. The team plays an importantrole in
maintaining internal links, and in relationships
with Cancer Research UK, the University of
Glasgow and many other organisations with
which our scientists have contact.

Research Management
Jackie Beesley PhD, Catherine Winchester PhD

The Research Management team consists of
two former postdoctoral researchers who
support scientists at the Beatson Institute by
editing publications, including the Scientific
Report, manuscripts and grants; organising and
taking minutes at a range of scientific and
operational meetings; maintaining an

up-to-date website and publications database;
overseeing all aspects of the graduate student
training programme; and providing reports and
answering queries for both internaland
external audiences, including Cancer Research
UK, about the Institute’s research and outputs.
The team also assists researchers in identifying
and applying for external grant funding; and has
arole in providing training and advice on good
practice in research. This has involved helping
draftand implement publication and data
management policies for the Institute.

Cancer Research Technology
Peter Ray PhD

Cancer Research Technology (CRT) isan
oncology-focused technology transfer and
development company wholly owned by
Cancer Research UK with 130 employees
based primarily in London and Cambridge.
Since a substantialamount of the funding for
the Beatson Institute comes from Cancer
Research UK, CRT manages all intellectual
property—related matters on behalf of the
Institute and the charity. To facilitate this, there
isa CRT Business Manager based full-time at
the Institute.
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THANKS FOR
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Dr David Lewis receives cheque
from Mosshead Primary School
pupils

SUPPORTING US

The work of our various research groups would barely proceed
without the substantial grant funding provided by Cancer Research
UK to the Beatson Institute and the University of Glasgow, now
amounting to £20 million per annum combined. We are also
iIndebted to a number of other organisations that provide funding
to our scientists, usually supporting projects in a particular sphere
of special interest, or supporting the careers of talented junior
scientists, enabling them to pursue their research interests within
our laboratories. These organisations, whose funding we appreciate
greatly, are listed below. The additional funding provided by these
organisations makes possible much work that we otherwise could
not be undertaking and has become integral and indispensable to

our operations.

Cancer Research UK Beatson Institute
Tom Bird
Wellcome Trust

Karen Blyth
Breast Cancer Now

Leo Carlin
Imperial College London, National Heart &
Lung Institute Foundation

Drug Discovery Unit
Celgene, Daphne Jackson Trust, Pioneer Fund

Danny Huang
European Community, Nuevolution

Hing Leung
European Community, Prostate Cancer
Foundation, Prostate Cancer UK

Laura Machesky
Pancreatic Cancer Research Fund

Michael Olson
Medical Research Council

Kevin Ryan
Astellas, Worldwide Cancer Research

Owen Sansom

AstraZeneca, Celgene, European Community,
Gilead, Janssen, NHS Greater Glasgow & Clyde
Health Board Endowment Fund, Novartis,
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Pancreatic Cancer UK & Pancreatic Cancer
Scotland, Wellcome Trust, West of Scotland
Women's Bowling Association, Worldwide

Cancer Research

Alexei Vazquez
Deutsche Forschungsgemeinschaft,
European Community

Karen Vousden
European Community

Institute of Cancer Sciences,
University of Glasgow

Peter Adams

BBSRC, Medical Research Council,
Wellcome Trust

David Bryant
EssenBio, Royal Society

Seth Coffelt
European Community, William Forrest
Charitable Trust, Naito Foundation

Jurre Kamphorst
Rosetrees Trust

Daniel Murphy
Worldwide Cancer Research

Stephen Tait
BBSRC, Breast Cancer Now

% BANK OF SCOTLAND

221217

w | P& Bealson bistitude
Three thosand two hundred  [E5278.01 |
oad wrvenly el pounds and [p ;

We do not purposefully solicit contributions to
our work directly from the general public — we
see this as the role of the cancer charities such
as those that feature above. We are, however,
fortunate to be in the minds of many local
people and organisations that give generously
of their time and effort to raise funds for good
causes. We are also, more poignantly, in the
minds of those who are suffering cancer, or
who have lost loved ones to this disease. To
those who give time and effort to raise funds
on our behalf and to those who thoughtfully
regard us as suitable beneficiaries of their
generosity, thank you.

Amey Power Services Ltd

Maureen Andrews, in memory of her
husband, Norman

J D Appleton

J & UKBohemen, inmemory of R Neale
Margaret G Brown

Clyde Travel

Trina Corbett

Thomas Donaldson

Electa Chapter No.27 O.E.S

James Inglis Testamentary Trust

John S Forsyth

Laraine Fox

Ann Galloway, Annual Art Exhibition in Beauly
lan Gordon and Ethical Financial

Services (Scotland)

Anna Hamilton, in memory of her

husband, Dessie

Louise Hector, in memory of Ann MclLaughlin
Help Fife Animals

The Lady Bowlers of Hillpark Club

Annie Murray Hogarth and Alexander J Paton
Inner Wheel Club of Auchterarder and District

Aidaart (| A

John Beattie & Sons

Irene Kennedy and Janet Lyke

Alan MacDonald, in memory of Walter Soutar
Craig McGuire Trust

The McLauchlan family

Fiona McNeill

The McQuarrie family, in memory of their
daughter and sister Rhoda

Mentholatum Company Ltd and staff
Mosshead Primary School

Matthew Munro, in memory of John Waddell
Overton Park Bowling Club

Alexander J Paton and Annie Murray Hogarth
Sarah Percy

PMV Pharmaceuticals

James Port, on behalf of Mr Port's

wife, Elizabeth

Brian Potter and Mrs Potter

Patricia Rooney (Darrows)

Jacqueline Thomson, in memory of her father
Thornhill Gardening Society

Trinity Mirror plc

West of Scotland Women's Bowling
Association

Mrs Jean Whiteford and Miss A Paterson
Elizabeth Wiggins, in memory of her father
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PATRONS AND BOARD

OF DIRECTORS

Patrons

His Grace the Duke of Hamilton
The Rt Hon. Lord Mackay of Clashfern
The Viscountess Weir

Board of Directors

The Beatson Institute is an autonomous charity,
constituted as a company limited by guarantee,
registered in Scotland. The Institute is governed by its
Board of Directors who are the directors of the
company and trustees of the charity. The Board is
ultimately responsible for all aspects of the Institute,
including its scientific strategy, operational policies,
regulatory compliance and financial stewardship and
accountability. On a day-to-day basis, many of these
responsibilities are delegated to the Institute’s
Management Team.

Prof Nic Jones (Chair)
Director, Strategic Initiatives, MCRC

Mr Craig Anderson
Former Senior Partner, KPMG

Mr Kirk Murdoch
Chairman, Pinsent Masons, Scotland &
Northern Ireland

Prof Anton Muscatelli
Principal of the University of Glasgow

Ms Roaslie Chadwick
Partner, Pinsent Masons

Mr Nigel Armitt
Chief Finance Officer, Cancer Research UK

Company Secretary
Mr Gary Niven
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CONTACT DETAILS

The Beatson Institute for Cancer Research
Director: Professor Owen J Sansom

Tel: +44(0) 141 330 3953

Fax: +44(0) 141942 6521

Address

Cancer Research UK Beatson Institute
Garscube Estate, Switchback Road
Bearsden, Glasgow G61 1BD

E-mail: beatson@gla.ac.uk
Website: www.beatson.gla.ac.uk

The Beatson Institute for Cancer Research
isa registered charity in Scotland (SC006106)
and registered as a company limited by
guarantee in Scotland (84170).

Registered address: Cancer Research

UK Beatson Institute,

Garscube Estate,

Switchback Road, Bearsden,

Glasgow G611BD

Tel +44(0) 141 330 3953
www.beatson.gla.ac.uk

Electronic version of this report can be found at:
www.beatson.gla.ac.uk/annual_report

Cancer Research UK

Cancer Research UK is a registered charity in
England and Wales (1089464), Scotland (SC041666)
and the Isle of Man (1103).

Registered address: Angel Building, 407 St John
Street, London EC1V 4AD

Tel +44(0) 20 1234 5678
www.cruk.org
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