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Molecular Therapy
The establishment of effective molecular therapeutics relies on basic
research for the development of new interventions harnessing both biological
and synthetic agents. To enable the conception of new therapies which impact
patient health, several supporting parameters are required, these include the
identification of the most efficient and effective methods of treatment delivery,
the assessment of drug toxicity and efficacy, reliable biomarkers for stratifying
treatment cohorts, and novel applications to continually evolve the field.

1.1

DRUG DEVELOPMENT
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In Japan, researchers are also
developing strategies to specifically
target
bacterial
infection
for
commercial use. The Okinawa Institute
of Science and Technology (OIST) has
recently developed an antibacterial
compound that targets the type III
secretion system in bacteria. This
system is widely employed by bacteria
to inject toxins into the cytosol of host
cells, without which, many pathogenic
bacteria are unable to cause disease.
To block the secretion, this technology
targets the loop of a protein component
in the system, disarming the bacterial
virulence factor without directly killing
the bacteria (Fig. 1). This approach
avoids the strong selective pressures

NIAID / FLICKR / CC BY 2.0

The requirement for the development
of novel drugs that evolve with their
biological and pathogenic targets is
essential. Within this section we will
overview some of the latest technology
emerging from the university sector to
enable the development of the most
effective therapeutics.
One field of especial interest for
university research teams, pharmaceutical companies and the general public,
is the production of new antibiotics to
combat increasing levels of bacterial
resistant to current treatments.
In order to generate new
antibiotics, novel targets unique

to bacteria must be identified.
Researchers at the University of
Strathclyde have therefore developed
software to identify druggable
allosteric sites unique to bacterial and
protozoal ribosomes.
The
software
developed
by
researchers at the university identifies
potential allosteric sites in any RNA
or DNA 3D structure. The design
of suitable ligands for these sites
promises to open-up additional
opportunities for tackling bacterial
and protozoal infections in humans,
by generating new molecular scaffolds
on which to base antibiotic design thus lessening the impact of acquired
bacterial resistance.

of antibiotics, which will consequently
have a major impact on reducing the
formation of bacterial drug resistance.
In addition, OIST’s antibacterial
discovery is applicable to many
pathogenic bacterial species as the
targeted protein is a highly conserved
component of the secretory system.
This innovative technology seeking
commercial partners may provide a
potential cure for patients suffering
from multidrug- or pan-resistant
bacterial infections, as well as prohibit
the evolution and spread of drug
resistant genes, such as those found in
hospital-acquired infections.
In addition to software developed
at the University of Strathclyde to
identify novel druggable sites in
bacteria, they have also developed a
highly efficient method for synthesizing
DNA-binding polyamides. These are
small molecules that can be designed
to target virtually any pre-determined
DNA sequence, offering a potentially
generic approach for the regulation
of gene expression. These molecules
have affinities and specificities that
equal or exceed natural eukaryotic
transcriptional regulatory proteins,
marking a major shift in therapies
targeted at the gene-level.
Scientists at Strathclyde have
overcome major barriers to the wider
use of these molecules in treatment by
developing a new and highly efficient,
cost effective method of generating
diverse collections of polyamides in
high yields. This revolutionary step in
technology will no doubt impact upon
multiple treatment fields, providing
clinicians with a new arsenal to alter
disease states.
Generating novel small molecules for
therapy is a key endeavour undertaken
by those looking to develop new Acute
Pharmaceutical Ingredients (API’s),
and a significant challenge faced by the
pharmaceutical industry within this
process, is the incorporation of stable
isotopes within said compounds.
Researchers at the University of
East Anglia (UEA) have developed
an exceptionally mild technique
to overcome this, permitting the
inclusion of single or multiple stable

isotopes into compounds with
absolute confidence that the isotope(s)
are exactly where they were designed
to be.
UEA’s synthesis protocol is metalfree and allows the efficient synthesis of
high value compounds with excellent
levels of isotope incorporation (>95%)
and optical activity (>90%), at a low
cost compared to existing multiincorporation methods. The university
is offering the opportunity to use this
technology to create bespoke, single or
multi-isotope labelled compounds.

1.2. MOLECULAR THERAPY
Chronic inflammation contributes to a
broad spectrum of diseases including
arthritis, psoriasis, diabetes, allergy,
connective tissue disease and heart
disease, added to this is an unmet
clinical need, as treatments such as
corticosteroids, though often effective,
are associated with serious side effects.
Below are two separate and exciting
developments within the field from
The University of Strathclyde and The
University of Exeter, both of whom are
looking for partners to develop them
further.
Researchers at the University of
Strathclyde have produced a series of
small molecule derivatives that are able
to suppress inflammatory responses,
but intriguingly only when aberrant

OPPORTUNITIES

hyper-inflammatory responses have
been invoked. These compounds are
based upon the properties of ES-62, an
immunomodulatory molecule derived
from a parasitic nematode.
This new class of anti-inflammatory
agents has the potential to provide
a range of highly selective and safe
drugs for immunomodulation, with
the major benefit above many current
interventions in that they will not
compromise the patient’s immune
system.
This
technology
holds
the
potential to treat many common
inflammatory-based conditions, such
as rheumatoid arthritis, systemic lupus
erythematosus (SLE), and asthma.
Researchers at the University
of Exeter have developed novel
cytoprotectant
anti-inflammatory
compounds that selectively target
mitochondria.
Impairment
of
mitochondrial
function is a key pathological finding
in many diseases such as arthritis,
diabetes, sepsis and hypertension.
These compounds work by affecting
the perturbed release of hydrogen
sulfide (H2S) observed in many
human conditions and animal models
of disease.
Targeting
mitochondria
with
these small molecules results in
the synthesis of H2S in a slow and
sustained manner that is more

Figure 1. The red arrow (left) and loop (right) indicates the targeted loop of a protein component
of the Type III Secretion System which is widely employed by bacteria to inject toxins into the
cytosol of host cells | Source: Okinawa Institute of Science & Technology
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akin to endogenous H2S release preserving mitochondrial and cellular
integrity. These compounds provide
an effective means for decreasing
cell death and inflammation in a
variety of inflammatory, degenerative,
neurodegenerative and cardiovascular
pathologies.
Further novel compounds have
been developed for the treatment of
Psoriasis, a skin disease characterized
by inflammation and scaly lesions
of the skin affecting 2-3% of the
population in Europe and North
America.
Numerous therapies are currently
being used in the treatment of
psoriasis, however these treatments
have potentially serious side effects,
are expensive to produce and lack
efficacy in some patients.
A novel compound from the
Calendula officinalis (marigold) plant
has been isolated by researchers at
the University of Strathclyde. This
compound has been shown to have
potential use in the treatment of
psoriasis, displaying anti-proliferative
effects against normal skin cells in
vitro. The compound has cleared
initial toxicology testing and can be
applied locally to affected areas of
the skin, minimizing the chances of
systemic side effects.
Another
recent
innovation
in the treatment of psoriasis has
emerged from a collaboration between
Swansea University and P&S Nano
Ltd. Together they have developed
a hydrogel patch containing drugloaded microspheres for the treatment
of mild to moderate psoriasis. This
technology centres on a technique to
defuse oil-based dithranol in dried
form into a hydrogel using a polymer
which acts as a microparticle carrier.
The gel enriched patch is applied
directly to the psoriasis site and worn
for 4-6 hours for sustained treatment.
This technology also has applications
for other dermatological conditions
such as eczema, lichen planus and
other inflammatory conditions.
As established above, there are some
important advances being made in the
treatment of psoriasis; King’s College
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London have also developed a new
drug for potential use in the disease, as
well as several other orphan diseases
where complement dysregulation may
be a factor, including: age-related
macular degeneration (AMD), uveitis
and cutaneous lupus erythematosus
(CLE). Their intervention is called
Cytectin, and is derived from a
naturally occurring human protein,
CD59, found on the surface of most
cells.
CD59 is the final ‘backstop’ of
complement inhibition, protecting the
body’s cell membranes from damage
by preventing the formation of the
terminal membrane attack complex.
Cytectin contains the active
soluble domain of CD59, attached
to a synthetic membrane-binding
‘cytotopic’ element. The resulting
drug is a compact, soluble molecule
which, when applied exogenously to
cells, binds to the cell membrane and
confers local complement inhibition
at the cell surface. The drug is ideally
suited to local, topical delivery.
Complement
dysregulation
is
implicated in many diseases.
In
particular, there is a huge unmet
clinical need for topical treatments
addressing back-of-eye and skin
diseases
(noted
above)
where
complement activation is involved.

1.2.1. Targeting Parasites and
Pathogens
Novel molecular therapies being
developed for the treatment of tropical
and parasitic diseases are in high
demand. The trypanosomatid parasitic
diseases of Animal and Human African
Trypanosomiasis (AAT and HAT) are
the most serious livestock and human
diseases on the African continent. The
causative agent of AAT, Trypanosoma
brucei (T.brucei) is spread by tsetse
flies. There is no vaccine for AAT and
while several drugs can be used, they
are expensive, have poor selective
toxicity and a narrow therapeutic
window.
Researchers at the University of
Strathclyde have genetically validated
the enzyme IDI-II as a drug target
that is essential and unique to the
T.brucei’s immune evasion of the host.
This discovery will allow the use of
inhibitors that will be selective for the
parasite.
Researchers at the University
of Aberystwyth have also discovered
anthelmintic compounds that are
suitable for use in the treatment of
both Schistosomiasis (liver fluke) and
Fascioliasis (Fig. 2). These are both
neglected tropical diseases, which
collectively affect a considerable

Coxiella burnetii: Dry fracture of a Vero cell exposing the contents of a vacuole where Coxiella,
the causative bacterial pathogen of Q fever, are busy growing | Source: NIAID / Flickr / CC BY 2.0
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proportion of the world’s human
and animal populations. There is an
over-reliance currently on a single
drug class for the treatment of each of
these diseases, generating significant
concerns that drug-resistant parasites
could develop.
These new anthelmintic compounds
are capable of treating both diseases
in one or more of the helminth
developmental forms. The universities
of Strathclyde and Aberystwyth are
seeking partners to develop these
prospective, globally significant antiparasitic interventions.
A further novel compound
has been identified by scientists at
the University of Strathclyde for
the treatment of Crohn’s disease
and bacillary dysentery caused by
Shigella. Multiple factors contribute
to Crohn’s disease including adhesiveinvasive Escherichia coli (AIEC),
and due to the spread of multi-drug
resistant Shigella and AIEC strains,
there is a requirement for alternative
therapeutics. The identified compound
inhibits Shigella intracellular growth,
is active against AIEC, as well as
being a potent stimulator of human
macrophage
IL-10
production,
potentially reducing inflammation
and subsequently improving clinical
symptoms of the disease pathology.
Furthermore, this compound has been
found to work synergistically with a
number of antibiotics, reducing the
likelihood of developing resistance.
Scientists at King’s College
London (KCL) have identified an antifungal target and immunotherapy
candidate for Candida albicans, an
opportunistic fungal pathogen which
normally exists as a commensal of the
oral cavity and gastrointestinal (GI)
tracts and frequently causes superficial
vaginitis infections.
In more serious instances, C.
albicans represents a major risk factor
in common clinical procedures with
the potential to cause life-threatening
systemic candidiasis - which is now
the third highest cause of hospitalacquired bloodstream infections,
resulting in 30-50% patient mortality
(equating to ~ 100,000 deaths/year).

OPPORTUNITIES

Figure 2. Schistosoma mansoni (left); Fasciola hepatica (right) | Source: Aberystwyth University

Researchers at KCL have identified a
single peptide fragment from a specific
Candida gene that represents a very
promising new therapeutic target
to treat C. albicans infections. This
peptide represents a potential vaccine
candidate capable of being delivered
via a number of routes to induce
mucosal or systemic immunity as and
when required.
Further vaccine development has
also been undertaken by researchers
at the University of Strathclyde
to prevent HPV infection and
consequently cervical cancers.
Although currently licensed HPV
vaccines have been successful in
preventing HPV infection and cervical
cancers in teenage girls in the UK and
other developed countries, high costs
have hindered their widespread use in
preventing other HPV-caused cancers
- such as head, neck and genital
cancers. Up to 75% of HPV-related
cervical cancers occur in resourcepoor countries.
The HPV vaccines developed
at Strathclyde are inexpensive to
produce, stable at room temperature,
and can be administered intranasally thereby removing the associated costs
of professional medical administration
of the vaccine. Furthermore, the
platform of this technology could be
used for the delivery of other vaccines,
opening up the broader potential for
this development.

1.3. DRUG DELIVERY
The requirement of efficient, safe,
stable and cost effective drug delivery
methods cannot be overstressed.
Without the optimization of this crucial
initial step in drug administration,
treatments
could
be
rendered
potentially harmful and ineffective.
Researchers at the University of
Bradford and Strathclyde have been
focusing on developing and enhancing
numerous drug delivery technologies
for use in a wide range of treatments,
several of which are discussed below
and are seeking partners in industry
for co-development and collaborative
interaction.
Microneedles are minimally
invasive devices that have the potential
to deliver biological molecules such as
insulin and vaccines through the skin
in a comparatively painless manner to
hypodermic needle injections, which
also require healthcare professionals
for administration. Scientists at the
University of Bradford have developed
a novel process using micro injection
moulding to produce microneedle
patches at a low cost while preventing
any unwanted effects caused by the
possible breakage of microneedle tips
in the skin, thus allowing the drugs
to be absorbed at a controlled rate.
As well as having applications in
countless drug delivery scenarios, this
technology also opens up development
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opportunities
for
technologies
such as ‘theragnostic autonomous
delivery devices’. An example of
which might be in the case of insulin
delivery to diabetic patients, where
the microneedle could automatically
monitor blood glucose levels and
intermittently inject the requisite
amount of insulin at appropriate
times.
Researchers at the University
of Bradford have further utilized the
use of microneedles for controlled
transdermal release of opioid or
controlled substance delivery (Fig. 3).
Abuse and misuse of opioid
analgesics used in pain management
have created a serious and growing
public health problem, particularly in
the U.S. One potentially important step
towards the goal of creating safer opioid
analgesics has been the development
of opioids that are formulated to deter
abuse. The University of Bradford
have invented a novel polymer matrix
system comprising biocompatible,
biodegradable,
pharmaceutically
acceptable and inexpensive materials
that can be used to prepare novel drug
delivery systems. When Bradford’s
novel matrix is prepared with a drug
substance, the resultant product
will have the desired attributes
required by the FDA for Abuse
Resistant Systems (Tier 1), these
are also observed to comply with
the FDA’s requirements for product
characteristics. Furthermore, the
novel polymer matrix can be formed
into microneedles for controlled
transdermal drug delivery using
micro injection moulding processing
techniques mentioned above.
A third drug delivery technology
developed by scientists at the
University of Bradford is a novel
non-hygroscopic effervescent drug
formulation.
The global market for effervescent
products is estimated to be in the
billions of dollars, and covers a
wide range of industries including
pharmaceutical,
healthcare
and
household
cleaning.
However,
the manufacture of effervescent
formulations (powders/tablets) is

6

IN-PART

Figure 3. a) 3D confocal image of microneedle array and single MN of PEEK.
b) Modflow simulation and SEM image of the microneedles | Source: University of Bradford

not straight-forward as moisture in
the atmosphere leads to the initiation
of a neutralisation reaction between
key ingredients, degrading the
product and rendering it unusable.
Consequently, the manufacturing of
effervescent preparations is expensive
and challenging. The technology
developed by University of Bradford
scientists increases the stability of
the formulation in the presence of
small amounts of moisture in the
atmosphere, addressing the challenges
in effervescent product manufacturing
and packaging, whilst significantly
reducing production and storage costs.
The University of Strathclyde have
also been concentrating their efforts
on the development of novel drug
delivery technologies. The first of
these targets the challenging systemic
treatment of bladder cancer, as only
low concentrations of drug are able to
get through to the target site. Due to
this, local administration is preferred.
However locally targeted drug delivery
presents its own challenges including
limited exposure duration due to

IN-FOCUS : Medical Technologies | August, 2015

bladder capacity, and partial urothelial
drug permeability.
Currently research at Strathclyde
is focusing on developing silk-based
drug delivery systems for intravesical
administration. The rationale for this
being that silk has a robust safety
record in humans, and can degrade
in vitro. Furthermore, degradation
can be fine-tuned to range from
hours (low-crystalline silk) to 12
months or more (high crystalline silk).
Strathclyde’s silk-based drug delivery
system aims to achieve sustained drug
release in the bladder with a reduced
propensity for side effects.
In addition to Strathclyde’s
silk-based drug delivery technology,
researchers there are also developing
ways to improve the absorption of
orally administered drugs through the
gut, into the bloodstream. The majority
of vaccines and biologic therapeutics
cannot be administered orally due to
very low (1%) dose uptake. To address
this issue, Strathclyde have developed
‘Bilosomes’, bile salt stabilized
vesicles that act as an envelope

to protect their contents from the
harsh gut environment, enabling
oral administration of biological
therapeutics and traditional small
molecule drugs. Bilosomes provide a
new delivery system improving patient
compliance, ease-of-administration
and potentially extending patient life.
Scientists
at
Strathclyde
have also developed two more
technologies that are aimed at
improving vasculature in high-risk
patients who suffer with pulmonary
hypertension, atherosclerosis and
diabetes. Both technologies target
the endothelium, which is a single
cell layer that lines all blood vessels
and produces an impressive array
of paracrine factors that maintain
vascular homeostasis, one of which
is Nitric Oxide (NO), a potent
vasodilator. Many cardiovascular
drugs are aimed at enhancing the
effects of NO, however they generally
lack selectivity. To address this issue,
researchers at Strathclyde have
created small novel analogues of the
cofactor tetrahydrobiopterin, boosting
the natural enzymatic synthesis of NO.
The new analogues can selectively
enhance NO activity in damaged blood
vessels and in restoring the enzymatic
activity, prevent the progression of the
disease.
The second technology is a
novel drug-eluting stent, designed
specifically for high-risk patients.
Drug-eluting stents have been
developed to limit restenosis (a-re-

OPPORTUNITIES

Giant lipid vesicles : induced by osmotic differentials | (c) 2014, Oglęcka et al / CC-BY 4.0 / eLife

narrowing of diseased arteries),
however they have limited effectiveness
in diabetic patients. In addition, the
drugs that are used at present inhibit
the regrowth of the endothelium,
which is required to protect the artery.
Using an in vivo model, researchers
at the University of Strathclyde have
found that restenosis can be prevented
by a novel small molecule, VAN 10-4,
with no harmful effects on endothelial
properties when applied as a drugeluting stent or when given as a shortterm local infusion. Their technology
can be used for any procedure which
carries the risk of restenosis, from
angioplasty to artery re-construction,
applicable in both medical and
pharmaceutical markets.
The penultimate technology to
end this section on drug delivery,
also targets vascular function and has
been developed by scientists at the
University of Salford. Researchers
there
are
seeking
commercial

Angiogram: showing blood flow before stent (left), and an angiogram showing increased
blood flow after a stent (right) | Image source: jon crel / Flickr / CC BY-ND 2.0

collaborators for their multi-photon
drug activation technology using near
infra red light (NIR).
Combretastatin based drugs affect
vascular function and are currently
in clinical trials, but have previously
shown issues with cytotoxicity. In
situ conversion of Combretastatins
from the inactive trans isomer to
the highly cytotoxic cis form using
NIR has the promise of reducing this
problem by reducing unwanted side
effects to the patient. Furthermore, as
NIR can penetrate tissue this enables
the activation only at the site of the
tumour, reducing the vasculature in
the tumour and the risks to healthy
tissue.
To end this section, we showcase
a novel drug delivery system from
the Okinawa Institute of Science and
Technology, who have developed
a method of releasing liposome
encapsulated drugs on a sub-second
time scale by pulsed laser irradiation.
The characteristics of the pulse-train
are not only able to determine the drug
concentration, but also the temporal
release profile.
The Okinawa Institute of Science
and Technology are currently seeking
collaborative
partners
and/or
licensees for the technology, which has
potential application within multiple
treatment sectors, most notably within
oncology as well as neurology, where
its envisaged use is for the study and
possible control of disorders such as
Parkinson’s disease, as well as the
stimulation of multiple brain locations
simultaneously.

IN-FOCUS : Medical Technologies | August, 2015
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Point-of-Care and
Laboratory Diagnostics
The requirement for efficient, accurate, fast and cost-effective laboratory
and point of care diagnostic technologies is crucial. The availability of such
technologies would immeasurably benefit health services worldwide, easing
the burden on health care workers, turnaround time for laboratory tests and
diagnosis and consequently treatments, providing an improved outcome for
patients, as well as alleviating the financial requirements.
2.1.

BIOMARKERS

8
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technology for allogeneic responders
in liver transplantation, followed
by new developments in detecting
dermatological, neurological and
ophthalmological diseases. To close
this section two new biomarkers
for use in the detection of aberrant
conditions during pregnancy will also
be overviewed and discussed.

2.1.1. Cardiovascular Disease
When clinicians are presented with
patients displaying symptoms of chest
pain or other symptoms consistent
with a cardiac etiology, investigations
are rapidly undertaken to diagnose
acute coronary syndrome (ACS).

ABD ALLAH FOTEIH / FLICKR / CC BY 2.0

The success of medical interventions
on patient health is often unpinned
by the stage at which providers of
primary care can detect its onset. To
maximise the impact of therapeutics
on patient outcome, the clinician
must be equipped with sensitive and
accurate assays for diagnosing atrisk individuals, and for those where
disease onset has begun, its detection
at the earliest stage possible.
Utilising the presence of detectable
biological markers indicative of
disease is a flourishing and important
part of new diagnostic technology.
The field has been rapidly growing

in size and scope ever since ‘-omics’
technologies enabled researchers to
assess differences in the expression
of multiple biological markers (genes,
proteins, lipids etc.) in patient groups,
compared to healthy control cohorts.
Below we discuss new biomarkers
discovered by university research
teams currently seeking partners to
develop them into usable diagnostics.
The following developments not only
cover detectable diseases, but also
the diagnosis of aberrant conditions
within the early stages of pregnancy.
This section will focus first on a
wealth of innovative cardiovascular
disease biomarkers, and then on some
crucial developments in prognostic

ACS represents a range of ischemic
myocardial conditions encompassing:
unstable angina (UA) and acute
myocardial infarction (AMI).
The term myocardial infarction
(MI) pathologically denotes the death
of cardiac myocytes due to extended
ischemia, which may be caused by
an increase in perfusion demand or
a decrease in blood flow. Currently,
elevated levels of Cardiac troponins
(cTn) reflect the occurrence of cardiac
muscle necrosis, and have emerged as
the gold standard biomarker of acute
myocardial infarction.
Recent research developments at
King’s College London have resulted
in the identification of a cardiac
specific biomarker: cardiac myosinbinding protein C (MyC). Early clinical
data has demonstrated that levels of
MyC accumulate and disappear more
rapidly than troponin following the
onset of myocardial necrosis, and
these different kinetics may offer a
more accurate earlier diagnosis of
AMI and improve diagnostic certainty.
This biomarker may well disrupt
current ‘gold-standard’ biomarkers in
the detection of MI, and the university
is currently looking for licensees and
development partners.
Many types of cardiovascular
disease (CVD), including conditions
within acute coronary syndrome, stem
from atherosclerosis, an undermining
of arterial integrity.
Plasma lipids such as cholesterol
and triglyceride play a key role in the
development of atherosclerosis. It
therefore stands that concentrations
of triglycerides, total cholesterol,
LDL-cholesterol or HDL-cholesterol
in plasma are typically used for
CVD risk prediction. However, the
majority of cardiovascular risk is not
explained by these traditional lipid
measurements. Therefore existing
strategies for managing CVD risk may
fail to accurately identify all patients
at high risk, potentially resulting
in lack of preventative therapy and
avoidable mortality, while others
are wrongly classified as high risk
and receive unnecessary treatment.
In this context, there is a particular

need for new biomarkers which can
more accurately predict CVD risk. In
particular, there is a need for a method
of determining the risk of experiencing
an acute ischemic event such as
myocardial infarction or stroke.
Atherosclerotic plaques contain
numerous lipid species. Academics
at King’s College London have
performed mass spectrometry based
lipidomics profiling in a prospective
population based study and analysed
the association of 135 distinct lipid
species with CVD risk over a 10-year
observation period.
This study has shown that individual
molecular lipid species as measured
by mass spectrometry outperform
their respective sum measurements
currently used in the clinics. CVD
risk can therefore be determined
by analysing the quality rather than
just the quantity of complex lipids,
and particular lipid signatures have
been shown to significantly improve
the Framingham score compared to

OPPORTUNITIES

standard lipid measures. Lipidomics
offers an opportunity to address the
clinical heterogeneity of CVD, and to
provide therapies based on targeting
individual lipid species associated
with CVD risk (Fig. 4).
Lipid signatures and in particular
fatty acid chain length composition
of complex lipids can be used to
determine CVD risk, and the university
is currently seeking a development
partner wishing to take option/
evaluation licence for the technology.
The majority of heart attacks
(70%) are caused by the rupture of
plaques in the coronary arteries, which
do not restrict blood flow significantly
nor cause symptoms of chest pain,
and therefore go undetected by
conventional diagnostic techniques.
Non-invasive
detection
and
subsequent
treatment
and
stabilisation of vulnerable plaques is
the subject of intense research, both in
academia and industry, but detection
of vulnerable plaques with x-ray,

Figure 4. Lipid network analysis: The lipid correlation network, thresholded at an adjacency
of 0.02 (akin weighted correlation of 0.8), is shown. The colours indicate the modules detected
by Topological Overlap Measure. While many of the lipid species within the same class belong
to the same module, there are modules which contain more than one lipid class. The direct
neighbours of three lipid species - CE(16:1), TAG(54:2) and PE(36:5) - are shown in the boxed
area. Lipid species associated with CVD in the Bruneck study are depicted as coloured nodes.
Lipid molecules directly connected to either CE(16:1) and TAG(54:2) or PE(36:5) and TAG(54:2)
are highlighted by coloured edges | Source: King’s College London
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computed tomography (CT) or other
imaging techniques has shown little
success.
An imaging agent, designed to
identify a biomarker found within
vulnerable plaques, has been created
at King’s College London which
consists of a small peptide-binding
sequence coupled to Gadolinium (Gd)
that permits its detection by MRI. By
enabling the biomarker to be detected
in this way, the technology provides
an imageable signal that will allow
the clinician to identify the location
and extent of potentially vulnerable
plaques carried by the patient.
The
inventors’
biomarker
specifically targets human myeloid
cells - key players within plaque
remodelling events binding of CD115,
and does so without activating CD115dependent intracellular pathways.
A validation study of the preferred
agent is currently being conducted
to establish efficacy to detect plaque
inflammation
during
disease
progression in a mouse model of

atherosclerosis. In vivo MRI data
will be combined with a CyTOFbased cellular characterization of
atherosclerotic plaques, enabling the
detection of the agent on different
cell types, to confirm the ability of the
agent to specifically target myeloid
cells in vivo in this animal model.
A patent application has been filed
covering use of the primary binding
sequence in the preferred peptides
and other amino acid sequences in
indications in which levels of CD115
expression are altered. King’s College
London welcomes interactions with
collaborative partners for licensing
and development work.
The occurrence and risk of
cardiovascular disease is greatly
influenced by life-style, genetic
susceptibilities
and
concurrent
diseases. The complications of Type
2 diabetes (T2D), in particular the
increased risk of MI, represent major
clinical burdens and result in the life
expectancy of diabetics being up to
10 years shorter than non-diabetics.

Atherosclerosis:
low-magnification
micrograph of a distal right
coronary artery with luminal narrowing |
Source: Nephron / Wikimedia / CC BY-SA 3.0
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There are currently no biomarkers that
adequately predict risk of an individual
developing myocardial infarction (MI)
or type 2 Diabetes (T2D).
The ability to identify patients who
are at risks of developing T2D will
help target medical resources and
may improve patient motivation by
facilitating risk communication and
compliance to lifestyle changes and
therapies.
King’s College London have
identified miRNA signatures that are
predictive of MI and T2D. Better ability
to predict MI risk through use of these
biomarkers will lead to improved
targeting of health interventions (e.g.
use of statins, behavioural approaches,
etc.) and subsequently a better quality
of life for patients (as well as potentially
reducing health care costs). King’s
College London are currently seeking
a development partner wishing to take
an option/evaluation licence for the
technology.

2.1.2. Resolution of
Inflammation
Subsequent to the above section on
CVD, researchers at King’s College
London have utilized a differentially
expressed protein in cardiac tissue,
indicative of sepsis in mice. The
protein pentraxin-3 (PTX-3) was
identified from a global, unbiased,
cardiac
tissue-based
proteomics
approach for biomarker discovery in a
mouse model of sepsis.
Severe sepsis and septic shock are
major healthcare problems associated
with high levels of mortality, affecting
millions of people around the world
each year, and increasing in incidence.
Medical care of sepsis patients
combines prompt treatment with
antibiotics and supportive care and
often requires artificial organ support
provided in an intensive care unit
(ICU).
A proof-of-principle clinical study
was conducted with serum samples
from 31 sepsis patients admitted to
the ICU. Over a time course of 11 days;
reduction of octameric PTX-3 to its
monomeric form was associated with

OPPORTUNITIES

a greater survival after 28 days of
follow-up.
Using PTX-3 as a biomarker will
enable earlier identification of patients
who have a high probability of not
responding to standard treatment.
Currently these patients are not being
identified today by current diagnostics,
which would enable earlier alternative
clinical interventions.
The sepsis market is well defined and
offers a clear route to market for KCL’s
PTX-3 product. A commercialisation
strategy providing exclusive rights to a
commercial entity active in the market
space has been proposed as a means
for maximising the accessible market,
either by licensing to an existing entity
or via a spin-out.

2.1.3. Neurological Disease
As life expectancy rises certain
diseases
are
becoming
more
abundant. Alzheimer’s is one such
example for which there is no clinical
diagnosis or cure. The formation of
fibrils and plaques in the brain that are
composed of peptides is a symptom
of Alzheimer’s, but it is now widely
accepted that it is the early oligomers
(aggregates) of the peptide betaamyloid that are thought to be the
cytotoxic agents.
Research into finding new
therapeutics has been hampered by
an inability to detect the early stage
of oligomerization of beta-amyloid in
vitro. The Strathclyde Photophysics
Group has recently made great strides
in overcoming this barrier to progress
by monitoring the oligomerization of
beta-amyloid by means of the intrinsic
fluorescence of the amino acid tyrosine
that occurs naturally in beta-amyloid.
This development comes in the wake
of recent strides made in Alzheimer’s
treatment, and follows the now urgent
requirement for diagnostics that
provide early disease detection to
increase the potential effectiveness of
such therapies.
Epilepsy is a neurological
dysfunction that occurs in a
relatively high percentage of global
demographics. Researchers at the

Neurons: Retrovirus labelled granule neurons in the dentate gyrus of Alzheimer disease mouse
model | Image source: Jesús Ávila / CBM / CC BY-SA 2.5

University of Exeter have developed a
novel ‘seizure susceptibility’ measure
that can serve as both a biomarker
of idiopathic generalised epilepsy
and also as a means of gaining a
statistical measure of the efficacy of
any administered anti-epilepsy drug
(AED).
Their new diagnostic method gives
a statistical probability of seizure,
based on a computational model of
the results of EEG analysis, providing
an objective measure for diagnosing
epilepsy. The importance of this being
that current diagnosis is subjective to
clinician’s expertise, witness account
and subjective interpretation of EEG,
MRI readouts. Utilising Exeter’s
‘seizure
susceptibility’
measure
provides rapid diagnosis and a
reduction in the number of falsely
diagnosed patients and therefore
means fewer people taking medication
unnecessarily.
The University is keen to discuss
potential partnerships with a view for
collaboration and the development of
a commercially viable product.

2.1.4. Biomarkers of
Transplant Tolerance
Researchers at King’s College
London have demonstrated that
transplant tolerance can be predicted
by a combination of clinical parameters
and molecular biomarkers.
A reproducible and reliable, rtPCRbased, tolerance-specific liver tissue
gene expression signature has been
identified, and when used before
immunosuppression is discontinued,
has been shown to accurately and
reliably discriminate those patients
who could successfully withdraw
immunosuppression from those who
could not.
In Europe approximately 6000
liver transplants are performed every
year. Under the current standardof-care, indefinite pharmacological
immunosuppression is prescribed
to all transplant patients. The cost of
immunosuppressive drugs is £3000£5000/patient/year. In addition to
cost, chronic immunosuppression
results in substantial side effects
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(hypertension, diabetes, renal failure,
hyperlipidaemia, cancer, infections)
that contribute to patient morbidity
and mortality.
The university is seeking a
partner for further development and
commercialisation of this technology.
A patent is also available for licensing.

2.1.5. Biomarkers in Pregnancy
Pre-term birth (<37 weeks’ gestation)
is responsible for over 15 million
births and a million neonatal deaths
annually. A growing body of evidence
emphasises the role of infection and
inflammation in the pathogenesis
of early spontaneous pre-term birth
(i.e. < 34 weeks) with these births
accounting for the majority of neonatal
death and morbidity.
Detection of a shortened cervix
using transvaginal ultrasound (± CVF
fetal fibronectin) has been proven
to be useful and widely used in high
resource settings for prediction of
spontaneous pre-term birth (sPTB)
and as an indicator for progesterone
prophylaxis or cervical suture.
Optimal
predictive
capability
occurs relatively late in gestation (>
20 weeks), providing only a small
window for intervention. Prophylactic
treatments such as those mentioned
above can then only ‘treat’ but not
prevent a short cervix. It follows
therefore, that there is a need for a
screening diagnostic that accurately
predicts a short cervix and risk of
sPTB.
Research performed at King’s
College London has resulted in the
identification of a small antimicrobial
peptide (elafin) that collates to the
risk of developing a short cervix and
also sPTB. Elafin concentrations
are substantially raised in women
most at risk and could indicate
either the presence of asymptomatic
infection or a genetic predisposition
to spontaneous pre-term birth. The
university and researchers have
set out to develop a point of care
test that can be used in a variety of
clinical settings. Currently they are
validating findings in a large (2000

12

Pregnancy: a mother host to a developing child | Image source: hugrakka / Flickr / CC BY-ND 2.0

women) clinical study which will also
addresses how elafin levels correlate to
response to clinical interventions such
as vaginal progesterone, cervical stitch
or pessary. The inventors welcome
contact from potential industry
collaborators.
Researchers at the University of
Bristol have also been investigating
potential
diagnostics
for
lifethreatening medical conditions during
pregnancy, and have developed a
diagnostic marker of pre-eclampsia.
Pre-eclampsia is a medical condition
characterised by high blood pressure
and significant amounts of protein
in the urine of a pregnant woman.
If left untreated, it can develop
into eclampsia, the life-threatening
occurrence
of
seizures
during
pregnancy.
Vascular
endothelial
growth
factor (VEGF) is a signal protein
produced by cells that stimulates
blood vessel growth. A closely related
protein, VEGFb, inhibits blood vessel
formation. Researchers at Bristol have
observed that at 12 weeks gestation,
the plasma VEGFb concentration is
significantly upregulated in plasma
from women who maintained normal
blood pressure throughout their
pregnancy compared with nonpregnant women. In contrast, in
patients who later developed preeclampsia VEGFb levels were lower
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than in the group with normal blood
pressure, but no greater than nonpregnant women.
Low VEGFb may therefore be a
clinically useful first trimester plasma
marker for increased pre-eclampsia
risk.

2.2. DIAGNOSTIC
LABORATORY TECHNOLOGY
Scientists at King’s College
London
have
developed
two
fluorescent assays for use as
diagnostic laboratory technologies.
The first of which allows the sensitive
and accurate measurement of nontransferrin-bound iron (NTBI), using
sensitive iron-chelatable fluorescent
beads on patient serum samples.
NTBI refers to all forms of iron in
the plasma of individuals that bind
to ligands other than transferrin,
and is considered to be a marker of
iron toxicity. Measurement of NTBI
should provide a valuable means
of early detection and follow-up of
diseases associated with iron overload
such as thalassaemia, sickle cell
anaemia, myelodysplastic syndrome
and haemochromatosis. A clinically
relevant level of sensitivity has not
been achieved to date with existing
analytical approaches for measuring
NTBI, and this technology presents
a highly sensitive and useful tool for

rapid detection of iron overload in
clinical settings.
The second fluorescent assay
developed by scientists at King’s
College London is a glycosyltransferase
(GT) activity assay.
GTs are nature’s glycosylation
reagents: enzymes that catalyse the
transfer of a mono- or oligosaccharide
from a glycosyl donor, usually a sugarnucleotide, to a suitable acceptor, e.g.
a glycan, peptide or lipid. GTs and
their biosynthetic products play a key
role in many fundamental biological
processes
underpinning
human
health and disease, including cellular
adhesion, blood group biosynthesis,
and the generation of peptidoglycan
and lipopolysaccharide structures in
pathogenic bacteria. Individual GTs
have been identified as promising
therapeutic targets in infection,
inflammation and cancer.
This GT activity assay provides a
fluorescent-based, high-throughput
compatible format for investigating
the enzyme substrate binding of GTs
that use uridine diphosphate (UDP)
sugars as donor substrates. The key
component of the assay is a novel type
of fluorescent UDP-sugar derivative
which facilitates dual utility of the
assay; it can be used in; i) a binding
assay, e.g. for the identification of GT
inhibitors (ligand displacement assay)
or; ii) the investigation of the sugarnucleotide specificity of putative GTs
and other sugar-nucleotide-dependent
enzymes.

Scientists at King’s College London
are using the assay in house to
screen for novel inhibitors of specific
galactosyl tansferases of interest, and
the university is seeking partners for
further development and validation
of this assay and their NTBI assay
mentioned earlier.

2.3. POINT-OF-CARE
DIAGNOSTIC TECHNOLOGY
The market for Point Of Care (PoC)
diagnostics is currently dominated by
blood and urine samples that routinely
require examination in a laboratory
as a gold-standard, however this can
be time consuming and expensive.
Likewise, for some medical conditions
this is more pertinent, especially
when more than one test may be
required for diagnosis e.g. in the case
of an infectious or chronic disease.
In addition, the use of laboratory
screening diagnostics is sometimes not
possible; either in remote areas of the
world, or where specialist healthcare
centres with diagnostics laboratories
are not present.
Below we discuss two Point-of-Care
(PoC) devices ready for use, developed
by seperate universities. These
groundbreaking technologies include
biomarkers for detection of their
target agents, and have functional
readouts for the user. The sub-section
following this overview reviews several
novel developments in microfluidics
technology, which underpin the PoC

OPPORTUNITIES

diagnostics market.
Tests on blood, urine or faeces are
often used by medical practitioners
to determine a patient’s present,
or changing physiological and
biochemical states. Such tests may
detect and/or measure a biomarker
of disease, pharmaceutical drug
effectiveness, and basic physiological
indicators such as organ function.
Both blood and urine tests are also
used in toxicity examinations to detect
drug abuse.
Scientists at the University of
Bristol have developed a prototype
point
of
care
platform,
The
Odoreader®, for the rapid diagnosis of
intestinal diseases. The Odoreader®
(Fig. 5) employs both established and
novel chemical sensor technologies in
combination with pattern recognition
software to detect and analyse
compounds indicative of disease.
The device offers an inexpensive,
rapid and unskilled means of detecting
a range of diseases in clinically
relevant settings to a high degree
of sensitivity and specificity. It is a
bespoke consumable for faecal sample
collection, professionally designed
with significant input from nurses.
Early
stage
proof-of-principle
studies have also shown that sample
head-space gases may be analysed
for the diagnosis of a wide range of
conditions in addition to infectious
diarrhoeas, such as ulcerative colitis,
salmonella, cholera, as well as prostate
and bladder cancer using urine

Figure 5. Odoreader® : Prototypes of the University of Bristol’s patent-protected point-of-care diagnostic devices | Source: University of Bristol
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samples.
A second PoC technology
for the immediate diagnosis of
potentially
epidemic
infections
has been developed by scientists at
the University of Kingston, for the
detection of both methicillin sensitive
(MSSA) and methicillin resistant
(MRSA) strains of Staphylococcus
aureus.
MSSA and MRSA represent
significant global health problem in
hospitals. Throughout Europe alone,
approximately 7% of patients develop
healthcare
acquired
infections,
estimated to cost up to £11bn annually
to diagnose and treat.
Kingston’s
PoC
diagnostic
technology is based around a robust
fluorescent chemical probe (LGX),
which can provide a yes/no response
to the question of Staphylococcus
aureus carriage or infection in less
than 30 minutes, implemented as a
simple point-of-care test. Moreover,
it does not require culturing or DNA
amplification (through PCR) and is
affordable for routine use (£0.45 cost
of chemical probe per test).
A preliminary cost pathway analysis
has been carried out by Aquarius
Population Health Ltd, which suggests
a cost saving to the NHS of £200
million per year (based on the current
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approximated annual screening of 15
million people), and has the further
potential of being made available to
hospitals and health centres around
the globe.
The project management team at
the University of Kingston are actively
looking to attract investors and
industrial partners for licensing and
research collaboration.

2.3.1. Microfluidic Technology
The field of Microfluidics is farreaching and has applications in a
multitude of applied technologies
and research disciplines. Broadly, the
technology enables the precise and
controlled handling of liquids within
the microlitre range.
The development of microfluidics
systems has spawned the generation
of lab-on-chip technologies, where
multiple analytes can be measured from
a very small sample volume. Below we
discuss some key developments within
this area of research, which are being
developed to underpin a large majority
of PoC diagnostic devices.
As mentioned earlier within this
section,
cardiovascular
disease
(CVD) is a major cause of death
and long-term disability both in the
developed and developing world. The

accurate diagnosis and management
of CVD requires the detection and
measurement of not just one biomarker
(such as those discussed earlier), but
multiple. However a simple multianalyte measurement device that can
provide early diagnostics does not yet
exist.
Scientists at the University of
Leeds have devised a rare earth,
assay-based
multiple
biomarker
measurement technology for the
rapid diagnosis of CVDs; coronary
heart disease (CHD) and stroke. This
assay is a laser-based, lab-on-a-chip
technology for the detection and
quantification of multiple biomarkers.
The University of Leeds’ rare earth
based bio-molecular assay exploits the
sharp and well-defined fluorescence
emission spectrum of rare earth ions
to measure the concentrations of
biomarkers efficiently with the utmost
accuracy.
The device works by correlating
the relative intensity of fluorescence
emissions
at
certain
specific
wavelengths by the rare earth ions
to the biomarker it targets in blood.
The device is versatile and can use a
number of wavelengths in the 5001600 nm range to achieve specificity.
Instant analysis takes place in vitro
using a drop of patient blood.

MRSA: An SEM-captured image of Methicillin-Resistant Staphylococcus aureus and a dead human neutrophil | Source: NIAID / Flickr / CC BY 2.0
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This device provides an earlier
and cheaper screening solution
for high-risk individuals, allowing
the monitoring of the progression
or regression of CVD, including
atherosclerosis.
Scientists at Swansea University’s
Centre for NanoHealth (CNH) have
designed an innovative, breakthrough
biosensor for the assessment of
increased cancer risk in patients.
Swansea’s biosensors, based on silicon
nanowire and graphene platforms,
have an intrinsically high surface to
volume ratio – which results in higher
sensitivities.
Graphene is grown onto a silicon
carbide
substrate
under
high
temperatures and a low pressure. The
graphene devices are then patterned
using
semiconductor
processing
techniques, before a number of
bioreceptor molecules are attached.
These receptors are able to bind to, or
target, a specific molecule present in
blood, saliva or urine.
The
molecule,
8-hydroxydeoxyguanosine
(8-OHdG),
is
produced when DNA is damaged
and, in raised levels, has been linked
to an increased risk of developing
several cancers. 8-OHdG is present
at very low concentrations in urine,
so is very difficult to detect using
conventional detection methods.
A graphene biosensor can detect
8-OHdG concentrations as low as 0.1
ng/mL, which is almost five times
more sensitive than other bioassay
tests. Research to date suggests
that graphene biosensors are also
considerably faster at detecting the
target molecules, completing a full
sample analysis within minutes.
This research highlights the
potential of graphene biosensors to
diagnose and monitor a whole range
of diseases and conditions, as well
as detecting a number of different
biomarkers. The commercialisation of
the graphene biosensor opens up the
possibility of a rapid, PoC diagnostic
tool for patients.
Scientists at the University
of Cambridge have developed a
femtogram mass sensor for gas, liquid
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Figure 6. FBAR femtogram sensor : The University of Cambridge’s packaged monitoring device
(top), an SEM image capturing the surface of the piezo-sensor | Source: Cambridge Enterprise

and biological sensing. Already proven
for gas sensing use as an electronic
nose (a device intended to detect
odours or flavours), this technology
has recently been further developed
in two key ways – firstly it has been
demonstrated in liquid media, and
secondly it has been multiplexed,
potentially enabling the simultaneous
quantification of several (up to 16)
analytes or biomarkers, using standard
functionalisation chemistry.
This
lab-on-a-chip
technology
is highly portable, phenomenally
sensitive, and manufacturable using
conventional low-cost complementary
metal–oxide–semiconductor (CMOS)
silicon technology (Fig. 6).
Through the use of a novel multi-

layer device structure and carbon
nanotube (CNT) electrode materials,
temperature self-referenced FBAR
resonators (with high operating
frequencies ~1-2 GHz) and worldleading Q-factors (>1500 in air),
Cambridge have paved the way for
real-world monitoring using FBAR
sensors.
The technology is suitable for the
quantitative measurement of a broad
range of analytes at low concentration
from a very small quantity of liquid.
It is suitable for deployment in low
cost products, e.g. for use in general
practice or by patients / consumers,
and the university are seeking
commercial partners for collaborative
development and licensing.
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non-invasive, diagnostic approach
called Perfusion Dephasing Analysis
(PDA) scientists at KCL have designed
a novel approach to differentially
discriminate coronary artery disease.
This software, based on novel analysis
of current cardiac magnetic resonance
(pCMR) or SPECT imaging data,
will ensure that many patients with
cardiac ischaemia for whom cardiac
catheterisation would provide no
benefit can forego invasive testing
(Fig. 7). The inventors aim to reduce
the invasive coronary catheterisation
procedures by up to 30%, and seek
investment and collaboration to bring
this technology to market as a plug-in,
or a dedicated software, and to further
develop compatibility and integration
with
post-imaging
processing
platforms in use today.
Another common heart condition
which promises to benefit from
the latest in medical innovation is
tachycardia, a condition in which

Medical Devices
In this section of IN-FOCUS we follow the cutting-edge technologies
emerging from medical research institutions working with IN-PART.
These encompass a broad range of developments utilising many areas of
technological innovation. From novel tools for diagnosing or treating diseases
at the bedside, to novel imaging techniques that can improve the range of
conditions that can be visualized at the organ, tissue, and even cellular level.
These medical technologies aim to increase the power of the healthcare
professional in diagnosing and treating all manner of health conditions.
3.1 IMAGING DEVICES FOR
DIAGNOSIS AND TREATMENT
3.1.1 Medical Imaging
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technology may represent a sea change
in the assessment and management of
heart disease, reducing the number of
heart attacks and the associated health
care costs.
One key cause of heart attacks
is the damage associated with
development of coronary artery
disease, a chronic condition which
often goes unnoticed until it is too
late. One key diagnostic problem
facing cardiologists is differentiating
between coronary artery and coronary
microvascular disease, with current
approaches leaving many patients
subjected to invasive and unnecessary
angiography in order to reach a
satisfactory diagnosis. Using a new

PHALINN OOI / FLICKR / CC BY 2.0

Heart disease is the largest cause
of male mortality in the western world,
and conditions affecting all areas
of cardiovascular health represent
a significant health and financial
burden globally. Heart attacks or
“acute myocardial infarction” are
predominantly initiated by the erosion
eruption of plagues within cardiac
tissue. Attempts to anatomically survey
the development and progression of
these heart attack causing plaques has
to date shown little success, however

King’s College London (KCL) are
looking for collaborators to develop
their novel system for the imaging
of unstable atherosclerotic plaque
via a novel MR contrast agent. The
technology uses a novel imaging agent
which specifically targets tropoelastin,
a protein biomarker known to identify
patients that are at risk of a heart
attack. This early identification
of unstable plagues in otherwise
asymptomatic patients would enable
prevention of potentially fatal attacks,
while the ability to quantifiably assess
the level of damage resulting from
a plague, would facilitate improved
management and treatment-planning
of previously diagnosed patients. This

i.) Normal

patients are subject to an abnormally
high heart rate. This can generally be
cured successfully and permanently
by using radio-frequency ablation to
remove damaged tissue. However,
this technique requires highlyskilled clinicians and too often
catheter
navigation
inside
the
cardiac chambers is difficult, making
accurate localization of arrhythmic
tissue difficult. A team at KCL has
developed a functional prototype
of a highly manoeuvrable ablation
probe tip for cardiac ablation and
electrophysiology featuring a catheter
probe tip with enhanced flexibility
and steering allowing an increased
degree of precision manoeuvrability
within the endocardium whilst also
providing reliable force control in
all directions. This technology will
dramatically improve success rates
in ablation procedures, particularly
in the more inaccessible parts of the
chamber, in a manner compatible

ii.) Multivessel disease

iii.) Microvascular disease

Figure 7. Discerning arterial blockages : i.) In normal subjects,the upslope of myocardial first-pass
signal intensity is relatively homogeneous in amplitude (normal perfusion dotted line) and temporal
distribution (Time to Peak range) ii.) In patients with multivessel disease (CAD) the presence of
one or more significant epicardial stenosis results in ischaemia and in a temporally heterogeneously
delayed myocardial wash-in of contrast agent. iii.) In patients with microvascular disease instead, an
unobstructed epicardial flow is associated with increased resistance in the microscopic circulation.
This causes ischaemia but does not increase temporal heterogeneity, allowing the differentiation
from CAD | Source: Kings College London
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with current technologies and
equipment. Opportunities remain for
investment and collaboration with the
multidisciplinary team at KCL which
would result in a saleable technology,
offering reduced healthcare costs, and
a premium selling price.
Imaging
techniques
which
have come about through gradual
investment in technology over time
have revolutionised the treatment
of heart conditions. However, while
imaging techniques such as magnetic
resonance imaging (MRI) have
radically improved the diagnosis of
cardiac pathology, they often lack
a standardized system of quality
control. For example, during diagnosis
of Myocardial Ischemia using the
standard
perfusion
techniques,
there is no reliable gold standard for
assessing the efficacy of the technique.
A team at King’s College London
have designed a perfusion phantom
for quantitative medical imaging and
seek collaborators for its development.
This analogue accurately reproduces
the anatomy and physiology of a
human heart and simulates blood flow
in the large thoracic vessels and in the
myocardium. This allows the efficiency
of perfusion to be assessed and
quantified by MRI and CT scanning.
The phantom device will find myriad
extra clinical applications, such as in
training and quality control of clinical
techniques, or in the validation or
calibration of current imaging
methods. There is also opportunity
for expansion of the design beyond
cardiac anatomy to model other bodily
systems such as the liver and brain.
Further utilising their imaging
expertise, King’s College London
has also developed an instrument
for vascular imaging and oximetry
in medical and dental diagnostics.
This novel technology for which our
partners at KCL are currently seeking
collaborators allows examination of
the blood supply to a particular tissue
in real-time without the use of staining
or contrast agents. The technology
package, which consists of modified
optics and imaging software, can be
easily incorporated into standard
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clinical imaging systems including
high magnification rigid endoscopes,
and provides real time microvascular
imaging and capillary oximetry
capabilities. The profound benefit
of this new system is the ability to
identify and image in real-time tumour
boundaries. It does this by monitoring
different vascular architectures and
measuring local oxygen tension as the
endoscope moves over the tissue of
interest. In addition to its diagnostic
potential,
this
technology
has
applications in guiding cancer surgery
to improve accuracy and improve
patient outcomes. Furthermore it
would allow low-cost, unobtrusive
monitoring of tumour recurrence. By
increasing the diagnostic power of
the clinician, and reducing the cost
and risk of assessment of potentially
malignant lesions, this technology
will improve quality of care and the
patient’s experience.
In the wake of so many novel
imaging modalities, there comes scope
for utilising the latest technological
advances to improve upon existing
diagnostic techniques. Ultrasound
is a standard and effective medical
imaging technology with myriad
diagnostic applications. However, one
challenge remaining is in the design
of ultrasound transmitter circuits that
can deliver the necessary loads and
are small enough in size to be included
within the probe head, and can be
replicated many times for use with
standard array transducers.
A team working at Leeds
University
have
developed
a
technology resulting in a hybrid multilevel pulse width modulation method
for improved ultrasound imaging
for medical and non-destructive
testing applications. The technology
is a form of carrier-based, frequencymodulated, pulse width modulation
(PWM), aimed primarily at diagnostic
coded ultrasound imaging, and
has applications in both medical
diagnostics, and non-destructive
testing of materials and components.
Their solution provides a reduction
in size and cost over alternatives and
the team require a co-development
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The EyeVisor™ from City University
enables the early detection of a wide
spectrum of ocular diseases, such as
glaucoma, macular degeneration and
diabetic retinopathy, and using a ‘test
library’ can monitor the condition or
progression of disease over time. The
university is looking to work with
potential licensees with the capability
to take this technology to market.

3.2 IMPLANTABLE MEDICAL
DEVICE TECHNOLOGY

3.1.2. Dental Imaging

Cerebral Angiography : left vertebral artery injection with retrograde flow in the contralateral
vertebral artery, basilar artery and posterior communicating | Image source: Lipothymia / PD

partner to collaborate in licensing the
technology and bringing it to market.
Tremendous progress has been made
in recent years to improve the speed
and resolution of imaging modalities,
however, challenges still need to be
overcome in order to optimize the
automation of data capture from static
images and to allow greater power
of interpretation of the information
obtained from the diverse sources
available on the market.
A group working at Aberystwyth
University have designed software
for texture-based segmentation and
identification of texture connectivity.
This platform provides automatic
segmentation of images, and identifies
the connectivity of texture types
presented in digital images produced
from diverse medical imaging suites.
Together this software provides
improved imaging results, for example
with MRI, by allowing more detailed
modelling in higher dimensional
spaces. Initially, this technology
promises to radically improve the
analysis capabilities of medical
imaging technology, though the
inventors seek collaboration to extend
the technology into other lucrative
areas such as manufacturing, and
surveillance photography.
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As we have seen, technical
advancements provide diagnosticians
with an increasingly wide suite of
imaging and diagnostic technology.
As a result however, healthcare
professionals have increasingly large
datasets to manage and utilise in patient
care. Opportunities arise therefore for
improving and simplifying the way
healthcare professionals utilise and
handle this data. Current methods of
multiple dataset display on a monitor
screen frequently results in obscuring
the underlying material, or requires
the data to be replayed as a video or
entails the use of multiple windows.
This is especially problematic when
trying to integrate data from multiples
sources.
City University London close this
section on medical imaging, where
scientists have developed a unique
solution to identify, detect and manage
the burden of serious eye conditions,
especially in the elderly population.
The
EyeVisor™,
a
compact,
multifunctional ocular testing device,
combines screening and diagnostic
functions for a variety of visual
impairments and diseases. It provides
both an economical and portable
solution for the comprehensive
analysis of visual function.

X rays and x-ray based systems such
as MRI have dominated the market
landscape in dental imaging for
decades. However the use of these
traditional technologies for day to day
diagnostic use is hugely limited due
to the unacceptable doses of ionizing
radiation they entail. Furthermore,
they prove highly inefficient on the
identification of tooth decay and other
oral conditions, routinely missing up
to 80% of occlusal caries.
A
multi-disciplinary
team
from KCL and Durham University
has developed a diagnostic optical
imaging system for early identification
of dental caries (Fig. 8) .This proof of
concept low-cost, hand-held imaging
device uses near-infra red for the realtime identification of dental caries and
other conditions in-vivo, producing
an image analogous to that produced
by an x-ray, though far more sensitive
and specific. Further developments
are underway to generate a 3D image
data of teeth, and to visualise earlystage caries. With the dental imaging
market estimated to reach $2.3B by
2022, the team are seeking investment
and collaboration to develop this
device and software for diverse dental
and medical applications.
Tooth decay and gum disease
still represent the most common
causes of dental morbidity, requiring
painful and unsightly intervention.
This is due to the absence of reliable
diagnostic tools for identifying
bacteria, especially following routine
dental procedure. For example there
are currently no effective methods of
detecting bacteria in the root canal
space following root canal treatment

OPPORTUNITIES

Figure 8. Fluorescing caries : Comparative
images, X-ray versus NIR; in-vivo X-ray of molar
(left), ex-vivo NIR image of molar acquired using
technology with the caries very apparent |
Image source: King’s College London

(RCT). Failure to eliminate such
bacteria can lead to a persistent or
secondary infection, which requires
revision of the treatment.
Using a system of fluorescence
amplification of root canal bioburden
a team at KCl have developed a novel
optical-based spectroscopic technique
which allows the rapid detection of
live-organisms within root canals.
The technique utilises a fluorophore
which binds only to live bacterial cells
and is converted from an inactive
form to an active form. Using existing
micro-endoscopes,
any
resulting
luminescence can be detected to
evaluate the presence of viable
bacteria in situ. This technique also
extends the value of currently existing
light endoscopes by furnishing them
with a clinically useful assessment.
Commercialisation of this method
would provide a vastly superior
tool for detecting residual bacterial
infection, which causes failure of up
to 25% of endodontic treatments in
the UK, enabling increased tooth
preservation and reducing the number
of procedures required.

Recent steps forward in materials
science
and
improvements
in
production methods, such as 3D
printing have led to rapid increases
in the application and use of
medial prosthesis. As we have seen,
cardiac pathology leads the way
in technological innovation. But
improvements in diagnostic and
treatment modalities must be matched
by prosthetic devices that are often
required following heart surgeries,
such as the repair of dysfunctional
heart valves. These replacement
valves are frequently sourced from
animal tissue, which while limited in
durability, is preferable to prostheses
made of hard material due to the
incumbent risk of clotting.
A team at Cambridge has
developed a polymeric prosthetic heart
valve which has several advantages
over currently available alternatives
including that of automatic insertion
in the correct alignment. Though in
development, this technology will soon
be compatible with the increasingly
prevalent and unobtrusive method of
trans-catheter delivery. Production of
the polymeric divide is much simpler
and more efficient than current
devices as well as being substantially
cheaper. The team currently seeks
collaboration to further develop and
license the device for widespread
medical use.
Prostheses are often required
for patients who have lost facial/
body parts, such as an ear, nose, eye,
finger, hand or breast. Currently,
constructing these prostheses is
time-consuming for the patient and
the clinician and expensive for the
healthcare provider. However, the
system being developed at King’s
College London is unique in its
ability to utilise direct 3D-printing of
medical devices and prosthetics using
two-component silicone. Prostheses
produced by this novel method are able
to better mimic the specific textural
properties of the modelled tissue than
existing technologies, by altering the
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ratio of the silicon components. They
also offer significant advantages in
time savings, with the patient able
to obtain a wearable prosthesis after
just one sitting. The developers are
seeking partners to commercialise the
technology and license the existing IP.
Such improvements in materials
science also promise to benefit the
2.2 million people worldwide who
require bone grafts. Currently, there is
no workable, synthetic bone analogue
that mimics the structure and
composition of bone. As such, metal
and plastic prosthesis are used, with
sub-optimal patient outcomes.
In response to this problem, a
team at King’s College London has
developed DebOss, a synthetic bone
graft substitute incorporating bioactive
ceramic and polymer components
provided in a readily mouldable
slurry, which forms a mechanically
tough, implantable bone substitute
which actively encourages grafting of
patient‘s cells and tissue, encouraging
bone regrowth and mineralization.
DeBoss is easily fabricated on site,
and in-vitro assessment has shown
excellent biocompatibility and cellular
infiltration. Moreover it can be utilised
in all surgical procedures where a
bone graft substitute is required,
offering compression and tension
characteristics equivalent or superior
to bone, including in combination
with metallic components.
Like bone, damage to teeth
frequently requires the use of
orthodontic
implants.
However,
osseointegration is hampered by
excessive motion between the implant
and the jaw-bone and frequently leads
to a failure of these implants. Now, a
team from the Okinawa Institute of
science and technology has utilized
nanoporous tantalum films with
graded-oxidization profile to increase
osseointegration in orthodontic and
orthopaedic implants. The use of these
films is particularly attractive as it can
be used to coat and therefore improve
the integration of conventional
orthopaedic
and
orthodontic
implants. Furthermore, the porosity
of the films can be controlled so as to

20

optimize the functionality of diverse
existing materials (Fig. 9). The advent
of such significantly improved dental
and osteotic prosthesis is a significant
commercial opportunity and the
team is seeking parties interested in
licensing the technology for the above
applications, as well as industrial
partners for further development.
A critical concern of clinicians
and
healthcare
professionals
throughout the medical world,
despite developments in implantable
technology, is the emergence of
antibiotic-resistant bacterial strains.
Following
invasive
procedures
such as those to mend and replace
bone or cardiac tissue, patients are
exposed to the risk of infection.
Moreover, as we enter the age of
widespread antibiotic resistance,

many such infections are difficult or
impossible to treat. However, the use
of novel nanoparticles for conferring
antimicrobial
or
antibiofouling
function on materials and devices
represents an ingenious and simple
solution to this problem. Researchers
at Bristol University have developed a
patented suite of novel antimicrobial
nanoparticles that do not lead to the
development of resistant strains.
These particles release chlorohexidine
over a prolonged period, which offers
lasting antimicrobial functionality
against a range of microorganisms
including methicillin resistant S.
Aureus and E.coli. The inventors seek
investment and collaboration to utilise
this vital new technology in a diverse
range of medical applications from
wound dressings to dental and bone
implants.

Assays, Analytics
and Equipment
In this section we explore a range of emerging technologies which aim to
improve the way we model biomedical systems. As our understanding of cells
and human physiology increases, more therapies are being designed which
specifically target cellular and molecular interactions. Highly analogous
in-vitro, in-vivo, or even in-silico model systems are required to test and optimise
these therapies. Developing the right one will limit off-target effects, and reduce
the frequency of mistakes costly to both health and healthcare budgets.
4.1 IN-VITRO REAGENTS 		
AND MODEL SYSTEMS

Figure 9. Tantalum in action : From top left clockwise; schematic of cross section of film with Ta2O5
surface and Ta at implant surface, hydrophobicity of uncoated implant (top), as deposited gradedoxide Ta coated implant (middle), and graded-oxide Ta coated implant after repeated exposure to
water, and SEM of graded-oxide coating showing porosity and typical feature size | Image source:
Okinawa Institute of Science and Technology
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Scientists seeking to understand
the basic biochemistry and physiology
of disease often require cell lines
they can utilize in vitro to design and
study potential treatments. These
systems model many of the attributes
of human tissues allowing research
to be conducted cheaply at the bench.
To underpin this, a suite of primary
human and murine renal cell lines
have been conditionally immortalised
by a group at the University of Bristol.
These homogeneous and stable
lines express normal phenotypes
and function and are now widely

used in academic and commercial
laboratories across the world. They
provide highly reliable experimental
data and clinically relevant insight
into disease states in man. The
group seeks collaboration and is
interested in licensing these models
for the study of drug metabolism,
transport, mechanism of action, and
nephrotoxicity.
In addition to novel cellular
tools available at the University of
Bristol, researchers at the University
of Plymouth have developed a
novel, continuously growing, nontransformed model of lung alveolar
macrophages (AMs). Their primary
lung alveolar macrophage-like, MPI

cells, offer a unique screening tool for
biosensing and drug discovery.
Macrophages are cells crucially
involved in defence against pathogens
and exhibit, depending on their
anatomical location, very distinct
biological
properties.
Studies
exploring macrophages are of high
scientific and clinical interest, but are
hampered by the limited life-span and
restricted numbers of primary tissue
macrophages that can be obtained for
such experiments.
The university is currently seeking
partners for licensing or collaborative
research using their MPI macrophage
lines, which can be used to analyse
various innate immune responses of
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alveolar macrophages involved in the
pathogenesis of infectious or noninfectious lung inflammation and
environmental toxicity.
Biocompatible
materials
are
increasingly utilised in biomedical
research,
where
scientists
are
constantly seeking robust, reliable
and cost effective ways to improve
the way they model the physiological
environments they are studying. The
brain is one environment that has
proved very difficult to model using
standard cell culture techniques.
While in vivo animal models of
neurological disease have provided
essential cellular and molecular
insights, translational success has
been limited by species differences
in neurochemistry and physiology.
Studies in human stem cells are often
superior for screening the toxicology
of small molecules, however the ability
to replicate the complex neurological
structures limits there efficacy.
Research at Strathclyde has
therefore focused on adapting
biocompatible hydrogels as stem cell
scaffolds to model neurological disease
in vitro. Hydrogels are able to facilitate
stem cell replication and survival, and
induce them to form brain cells in
vitro. Furthermore, these materials
are cheap and replicate the stiffness
of the brain, allowing increased
fidelity to the native environment.
This technology already represents
a commercially viable product for
in vitro 3D cell culture, and the
team seeks collaborators to develop
the use of these hydrogels to model
neurological disease in vitro.
The team also seeks to produce In
vivo-compatible hydrogels. These are
scaffolds providing an environment for
stem cells to expand and differentiate
into various cellular types optimised
for use in vivo. By improving stem cell
function where it is needed in vivo,
this technology has potential benefits
in the treatment of a wide array of
degenerative and ischaemic diseases
and conditions such as stroke,
myocardial infarction, diabetes and
neurodegeneration.
Conventionally, cells are cultured as
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patient benefits while reducing costs.
The team seek collaborators to take
this model into the R&D market, and
investment to expand the scope of this
exciting new technology.

4.2 ENHANCED ANALYTICS
TECHNOLOGY

Figure 10. Mouldable cell culture : Bright field image of fixed cells on the unique meshed sheet
(left); merged image, bright field and fluorescent (right) | Source: The University of Tokyo

monolayers and adhere to the bottom
of culture-ware. This has been shown
to poorly model the physiological
environment in terms of cellular
orientation, function, and viability,
and detachment of the cells for
downstream analysis causes damage
to the cells. Efficacious improvements
to the standard methods of cell culture
are urgently needed.
Using a biodegradable mesh
frame to produce cellular scaffolds,
researchers at University of Tokyo
have developed a flexible cell culture
device for high-quality, passage free
single-cell culture. With this highquality, passage-free, mouldable cell
sheet and cell culture device, cells can
be cultured in various orientations,
mimicking any given extracellular
matrix, and completely avoids the
damaging detachment process present
in conventional techniques (Fig. 10).
Furthermore, the spontaneous
detachment of dead cells induced
by the novel material utilised in this
system, prevents cell growth arrest
due to contact inhibition, facilitating
use for medium to long-term culture.
The user-defined flexibility of the
scaffold has numerous applications in
the modelling of biological tissues.
Modelling physiological systems
is often difficult using conventional
in vitro or in vivo approaches.
Increasingly, in silico analytics
will become more accurate than
current model systems, and are set
to expand into ever increasing areas
of biomedical research. The immune
system comprises myriad cell types
in diverse physical locations, and is
inherently complex. Its behaviour is
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difficult to predict using conventional
tools, so a team from the University
of York have developed a system for
in-silico immune system modelling of
disease states and intervention. This
agent based technology will be used
to generate commissioned models of
specific disease processes to predict
the effects of attempted therapeutic
interventions.
Subsequently, a graphical user
interface provides the means to run
simulations from models, adjusting
key variables to investigate the effects
in their system. The technology has
lucrative applications for guiding drug
development processes within the
pharmaceutical industry, especially in
immunotherapeutics. The team seek
investment and collaboration to push
this technology into the pre-clinical
stage and beyond.
Systems for modelling human
disease in vivo are vital for testing
pharmaceuticals prior to human trials.
However, relevant, effective animal
models of psychiatric conditions are
lacking, placing significant constraints
on the speed of advances in this field.
Now, a novel pre-clinical method
for psychiatric research and safety
pharmacology has been developed by
researchers at Bristol.
This rodent model, which mimics
human psychiatric symptoms, will
find extensive applications in the
testing of antidepressant therapeutic
efficacy and assessing pro-depressant
risk prior to human trials. This will
allow modelling in non-human species
with high predictive and translational
validity, reducing the failure rate of
new pharmaceuticals and improving

In this section we discuss developments
in clinical and laboratory analytics.
These are the technologies that allow
us access to secret places, through
the amplification and analysis of the
genetic code, to the visualisation of
biological systems on cellular and
molecular levels in real-time. We can
now see further and brighter than ever
before the heart of biological systems,
and improvements in the technologies
that grant us such privileged access,
will expedite the design, development
and
implementation
of
new
therapeutics.
Few analytic techniques have
revolutionised science like the
polymerase chain reaction (PCR).
It was the starting gun for a multibillion dollar industry based around
molecular biologics, and won the
inventors a Nobel Prize. Today, most
clinical and research laboratories rely
heavily on this simple form of genetic
analysis for day-to-day analytic,
diagnostic or forensic purposes.
However, in the amplification of
multiple specific regions from very
small amounts of DNA, existing PCR
based technologies are inefficient, and
have limited target scope. Multiplexed
PCR, as it is known, should be simple,
accurate, efficient, inexpensive and
automatable. However, the available
solution-phase, droplet-based, and
standard surface-based approaches to
multiplex PCR all fail in one or more of
these key criteria.
Now, a team from the University
of Leicester has identified the solution
in a patented (US and EU) massively
megaplexed PCR technique. This
technology overcomes the limitations
of its alternatives by combining
surface-phase and solution-phase
reactions and therefore the strengths
of both approaches. Key to this

development is its total compatibility
with existing plastic ware and
automation systems, facilitating simple
integration with existing systems.
The potential markets are enormous
and still growing, encompassing all
arenas which utilise genomic analysis,
including biomedical research, clinical
diagnostics, agricultural and livestock
quality control, and environmental
monitoring.
The
team
seeks
investment and collaboration to bring
this exciting technology to the market.
The ability to conduct robust and
reliable genetic analysis is dependent
on the source material. Medical,
scientific, and forensic investigation
frequently require the extraction
of biomolecules such as DNA and
proteins for downstream analysis.
All current methods use liquids
as the medium to transport DNA from
surface to tip and consequently are
limited to surfaces that can be made
wet. However, a team at the University
of York have developed a technology
for the dry extraction of biomolecular
samples using electrostatic charge
rather than liquid.
The charged capture matrix stabilises
molecules of interest, such as DNA,
allowing storage for at least a year
at room temperature. Furthermore,
unlike liquid extraction, biomolecules
can be removed sequentially by
repeated exposure - something not
possible with wet extraction. The
team seek investment to develop the
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technology for crime scene swabs,
wild-life and archaeological forensics.
Modern biomedical investigation
relies heavily on imaging systems to
view biological interactions at microand nano-scales. Confocal microscopy
is the standard approach and is widely
used to obtain high-resolution images
of cells, tissues and other biological
specimens. However, the speed of most
standard commercial instruments is
insufficient to resolve the temporal
dynamics of many cellular events, and
the high costs of multi-laser confocal
microscopes prohibit their use in
many laboratories.
To resolve this issue a team
at the University of Leicester have
developed a fast, digital confocal
microscope module which can
be added to standard fluorescent
imaging systems to produce a high
speed, multi-wavelength confocal
microscope. This technology promises
to bring about huge economic savings
by converting existing technology into
a confocal system. Using LEDs instead
of lasers saves money while increasing
collection of images to 100 times the
rate of a standard scanning microscope
with equivalent image resolution. In
addition, patented software analysis
tools will allow collection of superresolution images with greater than
two fold improvement in resolution.
The team seeks collaboration to bring
this device to market and develop its
range of applications.

Cells : Nuclei in blue, mitochondria in green, actin cystoskeleton in red | Source: NICHD / Flickr
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native bacterium which acts on
intestinal leukocytes and epithelial
cells to promote epithelial barrier
function. The key advantage over
other approaches to the treatment of
IBD, is its localised effect, eliminating
the need for systemic medication
which
causes
global
immunesuppression. This new approach aims
to locally downregulate inflammatory
responses and promote immune
regulation in response to normal
gut flora, which will be of lasting
benefit to patients. The team seek
collaborators to take this technology
to market, and encourage contact for
further discussions surrounding its
development.

Patient Aftercare
and Wellbeing

5.2

In this final section we place a focus on emerging health technologies that
promise to enhance patient care and wellbeing. Recent strides made in
information technology have led to more active engagement in personal health
management. The accessibility of information regarding our physiologies has
fuelled a peak in the popularity of supplements, whilst advances in materials
science has lead to wearable healthcare technologies.
5.1

BIOTICS
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lifestyles and diets on our digestive
health. The 21st century has seen
a huge increases in the number of
people suffering from inflammatory
bowel disease (IBD), a condition of
diverse and ill-defined etiology, which
comprises a range of symptoms,
from mild-discomfort to debilitating
disease. The goals of IBD therapy are
to eliminate these chronic symptoms
and prevent acute flare-ups.
A team at The University of
Bristol have developed a novel product
for the alleviation of symptom ‘flareup’ in chronic intestinal disease, by
using an anti-inflammatory strain
of S. thermophiles bacteria. This
technology utilises a modified gut-

COM SALUD / FLICKR / CC BY 2.0

The consumption of a non-digestible
food to promote growth of beneficial
bacteria in gut, or ‘prebiotics’, has
stimulating scientific as well as
industrial interest and grown into a
global market of £640M. The use of
fructans as pre-biotics accounts for
around 40% of this market. However,
the main source of fructans is chicory,
which has a two year life. Furthermore,
harvesting fructans is costly and
inefficient, requiring removal and
destruction of the whole plant.
Scientists at Aberystwyth have
developed a proprietary methodology
for isolation and purification of various

fructans from high-sugar grasses.
This offers a unique opportunity
for cheaper, scalable production of
prebiotic, from a plant which is easily
and readily grown. The increased
global availability and volume of raw
materials will lead to cheaper prices
per tonne, and reduced manufacturing
and
transportation
costs
for
manufacturers and retailers alike. The
inventors of this potentially lucrative
technology seek collaboration to
develop and expand into global fructan
production markets.
The popularity of prophylactic
dietary supplements like prebiotics
and probiotics, is in part due to
the impact of our rapidly changing

WOUND MANAGEMENT

Small
improvements
in
the
application of well understood
scientific concepts can have dramatic
benefits for patients, and lead to
simple, cheap solutions to ongoing,
seemingly insolvable problems. One
such example is in the treatment of
outpatients with chronic wounds such
as foot ulcers, which occur in around
5% of diabetic patients. These are often
slow to resolve, easily infected, and
lead to significant morbidity. Keeping
the wound close to body temperature
is known to promote healing, but no
simple way of achieving this seemingly
simple aim has been identified.
A research group at Salford
University have utilized a thermal
wound management approach to
take advantage of this beneficial
physiological phenomena. Their novel
approach to wound management
promises to improve patient comfort
and mobility and reduce the onset
of more severe problems associated
with chronic wounds, which in severe
cases can lead to amputation. They
seek commercial partners to take
this technology to clinical trials, with
option of exclusive rights to license.
One serious side-effect of chronic
wounding is the formation of
persistent scars. Scarring occurs due
to excess inflammatory and angiogenic
activity during normal wound healing

Figure 11. Enhanced healing : Macroscopic
scar assessment at 56 days post wounding |
Source: The University of Bradford

responses, and the results can cause
serious cosmetic and functional
problems that can be emotionally and
physically debilitating. In addition,
treatment of scars places significant
financial burden on healthcare
systems.
There
are
currently
no clinically tested or licensed
interventions or pharmaceuticals
available to reduce such scarring
or scar hyperpigmentation that
frequently results.
Fibrotix: ‘significant reduction
in skin scarring’ is a novel approach
using locally delivered salbutamol to
ameliorate excess deposition of scar
tissue and reduce hyperpigmentation.
Salbutamol
induces
beta-2adrenoreceptor
activation
which
restrains inflammation, angiogenesis
and dermal fibroblast differentiation,
reducing scar formation as a
consequence (Fig. 11). This simple
intervention could have significant
potential to reduce patho-physiological
human skin scarring, and with a
market of 100 million patients in
the developed world represents a
potentially lucrative opportunity for
collaboration and investment.

5.3 DISEASE MANAGEMENT
AND MONITORING
Here we will cover two simple and
effective new technologies that will
allow patients to manage and monitor
their own conditions, alleviating the
symptoms or the risks associated with
exacerbation of their disease.
Sensory problems are common
in those affected by autism but are
currently poorly understood. Many
people with autism are reported to
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have over- and under-sensitivity
to a number of different ‘triggers’
ranging across sight, sound and
touch. Parents of autistic children rate
sensory problems as one of the top two
areas of difficulty for family life and
researchers from Brunel University
have now utilised sound management
technologies to help adults with autism
spectrum disorder. By using a hybrid
noise reduction device for cancelling
high frequency sound, external
noise can be reduced with minimal
impact on normal conversation. This
technique allows a simple, disposable
in-ear device to neutralise the specific
sounds that individuals with autism
find specifically challenging, while
leaving other frequencies unaffected.
This technology, developed in
collaboration with autism charities,
has the potential to address the
daily impact that unexpected, and
unmanaged sound sensitivity has on
people with autism. The team now
seeks collaborative development and
licensees to take this to market.
Diabetes affects over 3 million
people in the UK, and failure to
correctly manage the disease, which
requires constant monitoring, can be
fatal. A simple and convenient way
of enabling people with diabetes to
monitor their own blood sugar levels
has eluded medical science for decades.
However, advances in nanometrology
are bringing the prospect within
reach using smart tattoos: a novel
approach to glucose monitoring has
been developed by researchers at the
University of Strathclyde and King’s
College London.
These ‘tattoos’ comprising nanoscale
sensors will be injected just under the
outer layer of skin, and once in place
will monitor molecular-level changes
in glucose concentrations within the
body. This information can be obtained
using a small hand-held device. This
highly sensitive technology eliminates
the need for blood samples, and has the
potential to play a major role in many
fields of future healthcare provision.
The inventors welcome contact from
companies interested in accelerating
the development of this technology.
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INDUSTRY INSIGHT:

GE Healthcare Life Sciences
“ A license to build in Life Sciences innovation ”

GE

Healthcare Life Sciences is a $4 billion division of GE Healthcare,
headquartered in the UK and present in more than 100
countries. The Life Sciences division provides research tools, diagnostics
and manufacturing technologies to enable and accelerate molecular and
precision medicine. It is a solutions provider across the whole life sciences
value chain – from drug discovery and clinical development through to
drug approval and beyond (Figure 1).
For example, the business provides basic research and drug
discovery instrumentation, assays and tools for DNA,
protein and cellular science to research laboratories
throughout the world. These include DNA sample
preparation kits, fluorescent dyes for oligonucleotide
and protein labelling, western blotting systems,
filters, gene editing reagents, high content analysis
platforms and SPR label free analysis.
As experts in bridging the translational gap between
the laboratory and the clinic, GE Healthcare Life
Sciences supports the development and practical
translation of emerging cellular therapeutics by providing
systems, tools and consumable products that enable the workflows.
These include cell culture media, and bioreactor cell expansion systems.
As potential drug candidates move into the development phase, the
business supports CMO’s and pharmaceutical clients to design-in and
scale up their products with start-to-finish solutions for complete
production of biotherapeutics such as antibodies and vaccines. This
includes up-stream offerings of cell media and single-use bioreactors for
cell culturing in biopharmaceutical production, to downstream purification
tools based on chromatography and filtration systems. Total single-use
systems and turn-key enterprise solutions are also provided. Well-known
product brands include rocking bioreactors; filter plates and miniaturized
columns; single use stirred-tank bioreactors; chromatography media and
chromatography columns.
GE Healthcare Life Sciences strong diagnostic offerings mean it can support
pharmaceutical companies pre-and post- drug approval, by identifying the
right patients for the right treatment and monitoring treatment response:
•
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Firstly, the company develops and supplies diagnostic imaging tracers
and contrast agents for SPECT, PET, Ultrasound, MR, X-ray and CT
imaging modalities. For example, DatScan™ is a SPECT tracer
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indicated for Parkinson’s disease
diagnosis which can help mitigate
disease misdiagnosis. The
company is also working closely
with a number of pharmaceutical
companies with its Vizamyl™
PET tracer for Alzheimer’s
disease diagnosis to help stratify
appropriate patients for their
therapeutic clinical trials. In
addition, the company has
tracers in development,
such as GE-180, a PET
tracer targeting the
translocator protein
TSPO as a measure of
neuroinflammation.
• Secondly, the business offers
a research offering built around
GE’s proprietary MultiOmyx™
platform enabling analysis of
dozens of proteins and DNA
changes in a single tissue section.
This could yield new insights into
tumour behaviour and provide
a more complete picture of a
patient’s cancer.
GE Healthcare Life Sciences
additionally supports applied markets
outside of the pharmaceutical setting,
including forensic and environmental
testing. Products include off-theshelf and custom matrices for the
collection and storage of human blood,
buccal cells and saliva as well as STR
analysis instrumentation for forensics
laboratories; and air, water, soil, and
waste analysis kits and reagents for
environmental testing laboratories.

GE

Healthcare Life Sciences has
major R&D sites in the UK,
Sweden, Oslo and the US. In addition,
GE’s Global Research Centres provide
technology development resources
for all of GE’s businesses with sites in
Niskayuna, New York; San Ramon,
California; Bangalore, India; Shanghai,
China; Munich, Germany; and Rio de
Janeiro, Brazil. Together they innovate
twenty-four hours a day building a
significant intellectual property and
product portfolio spanning many
different technologies.
Despite having a large R&D group with
an annual investment of $1 billion, GE
Healthcare cannot do everything by
itself and acknowledges that innovation
does not happen in isolation. As a
result, collaboration and licensing
play a key role in helping the business
access technologies that in turn help
its customers connect biological
research to clinical therapy. The Life
Sciences business accesses external
technologies and intellectual property

in many different ways and from both
academic and industrial partners.
Business development activities
range from technology evaluations,
research collaborations, patent and
product licensing and clinical research
agreements right through to product
and company acquisitions. As no deal
is the same, of primary importance
is an understanding of the key needs
and objectives of both parties and the
ability to be flexible when negotiating
deal terms.
The business welcomes all
opportunities, from an early concept
right through to an industrial
prototype. By combining its expertise
in innovation and understanding
of the hurdles associated with

commercialising intellectual property
at all stages of development, GE
Healthcare Life Sciences supports
partners in bridging the translational
gap. In addition, as a company with a
global footprint, GE Healthcare Life
Sciences has a deep understanding
of technology gaps and the complex
reimbursement landscape in diverse
markets, enabling technology
exploitation in the global marketplace.
The company can leverage colleagues
from across its sites to ensure global
partners always see a local GE face.
For GE Healthcare Life Sciences, the
key to success in establishing itself as a
partner of choice is maintaining open,
transparent and collaborative working
relationships with its external partners.

“ Together they innovate twenty-four hours a day,
building a significant intellectual property and
product portfolio spanning many different technologies ”

Figure 1. GE Healthcare Life Science core areas
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THE TECHNOLOGY EVALUATION PROCESS

D

riven by expansion into new areas
of clinical need (e.g. cell therapy
and regenerative medicine), a need to
accelerate new product development
and rationalise its portfolio, the Life
Sciences business has an even greater
focus on seeking in- and out-licensing
opportunities.
Academia has long been recognised
as a major source of innovative
technologies and the business is
seeking to increase its engagement
with academic centres of excellence
and be seen as their “go-to” partner of
choice. One of the steps the business
has taken to encourage engagement
is to provide a better platform for the
submission and evaluation of external
opportunities (Figure 2).
External opportunities can be
submitted to GE Healthcare Life
Sciences for evaluation in a number
of ways. Often academic groups
already have links with company
employees and the opportunity will be
submitted to the evaluation process

“ Academia has long been
recognised as a
major source of
innovative technologies ”
by the business on behalf of the
academic group. There is also an email
address - lslicensing@ge.com - which
external parties can use to submit their
technology offering. Once submitted,
an initial review of the opportunity
is carried out by members of GE
Healthcare Life Sciences licensing
team, headed up by Sian Godwin.
In cases where an opportunity is not
suitable - for example, if it falls outside
the scope of the research priorities
of the business at the time - the
business provides more than just a “no
thank you”. Where possible it tries to
provide constructive, useful feedback
to the external party. In addition,
all opportunities are recorded in a

database so that previous submitted
technologies can be re-evaluated - this
is especially important in a continually
changing market.
If the initial opportunity review is
positive, it is more formally evaluated
in a Technology Evaluation Board
(TEB). Each TEB is research aligned
and set up to efficiently evaluate both
the technical and business potential of
any offers. After review, if of interest,
typically a teleconference will be set
up to introduce both parties, discuss
further technical information and
understand respective objectives.
Timelines for progressing an
opportunity can vary depending upon
the type of partnerships and the level of
investment. If a substantial investment
is required, the proposal would go to
the Life Sciences executive team. In all
cases the business keeps the external
partner informed as to where their
technology offering is in the evaluation
process, and dates when key internal
meetings to discuss the technology are
taking place.

AREAS OF INTEREST :
GE Healthcare Life Sciences is interested in all opportunities that have
the potential to complement its existing intellectual property, support
and accelerate new product development and maximize its potential
applications for its current products and patents portfolio. While all
technology offerings within Life Sciences are of interest, specific
in-licensing targets include the following:
•

•

•

•

Enhanced gene editing
technologies, novel transfection
reagents and gene expression
libraries

•

Tools and devices for the
collection and archiving of nucleic
acid samples and DNA analysis/
STR profiling
Reagents and devices for
protein research including label
free analysis (SPR), protein
preparation and purification

•

Technologies to support and
de-risk the entire cell therapy
workflow from sample collection
to infusion back into a patient with
a focus on enabling the scaleup and scale-out phases of the
development and manufacturing
processes for immunotherapies.
In particular, technologies or
•
techniques for cell isolation,
selection, modification, expansion
and analysis through to overall
production scheduling and
logistics planning tools

Written by:

Nicola
Pattrick
Director of Licensing
and Acquisitions

Products and technologies
that improve upstream and
downstream processes in
process development and
biomanufacturing including
protein expression technologies,
cell media, bioreactor harvesting,
sensors for process analysis,
chromatography and filtration
media and affinity ligands

Nicky Pattrick has a BSc in Biochemistry and
a PhD in Drug Delivery. Her career to date
includes Business Development roles in both
big and niche pharma as well as Life Sciences
consulting. She is currently a member of the
Licensing team at GE Healthcare Life Sciences
and is based in Amersham, UK. The Licensing
team also has a presence in Massachusetts, USA.

Agents that enhance the
diagnostic imaging capability
of X-ray, CT, MRI,
SPECT and ultrasound
imaging modalities
and late stage
imaging tracers in
neurodegeneration,
oncology and
cardiology therapy
areas
Validated imaging
biomarkers to
support tracer
development

OTHER GE PARTNERSHIP INITIATIVES

Figure 2. GE Healthcare Life Sciences
Technology Evaluation Process
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Beyond acquisition, partnership or licensing relationships, GE also considers direct investment into promising start-up
companies. Equity investments are managed by the GE Ventures team, who can be contacted via www.geventures.com.
All investments undergo a rigorous diligence process including evaluation of market opportunity, product differentiation, management team and potential return on investment. GE Ventures is more than a capital partner, and through
the GE Ventures EDGE program, GE Ventures offers partners access to the global scale, expertise and resources of GE
as well as programs, tools, information, and education to help them build, grow and scale their enterprises.
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UNIVERSITY HIGHLIGHT:
Miniaturising the Vision Lab:

Figure 2. The Arduino-based Vision Lab : SSVEP stimulus and response from a
wild-type fly (above: A); Schematic diagram of Arduino system (right: B).

Arduino based visual stimulation
and data collection

With space at a premium, we developed an Arduino-based system, 30 x
15 x 7 cm, as a self-contained ‘dark-room’, Faraday cage, visual stimulator
and data acquisition system to provide turn-key solution to these
problems. It fits under a dissecting microscope and requires either a USB
connection from a laptop computer or 5V + Ethernet for support.

Often, the visual stimulus is generated
using a specialised TV, combined with
a high performance computer and
calibrated monitors. The equipment
is bulky and requires a dark room and
a Faraday cage to remove extraneous
electrical interference, e.g. from mains
supplies. In animal experiments, noise is
reduced further by placing the equipment
on a heavy vibration isolation table.
Setting up is costly, time consuming and
requires expertise, most particularly
for integration of stimulation and data
acquisition components and to avoid
stimulus artefacts and 50 Hz loops.

PRINCIPLE OF OPERATION : The outline schematic is shown in
Fig. 2B. The Arduino Due runs a web server, accessible over Ethernet.
Testing a WiFi version suggested data transfer was too slow for practical
use. Stimulus patterns are determined by a web page coded in standard
HTML. The Arduino and Darlington Buffers are encased in an aluminium
compartment, with coaxial cable to supply LEDs, which are mounted in
the white plastic holder. Currently we use red/green/blue LEDs, finding,
as expected, that insects are most sensitive to blue light. Recording
and reference electrodes are mounted on micromanipulators. Flies are

Overcoming these issues has been
facilitated, at least in part, by increases
in computing power that permit better
control of stimulus and data collection
and by the development of USBbased data interfaces that facilitate
miniaturisation. Our previous work with
animals required darkroom set-ups with
dimensions of approximately ~2 x 2 x 2
m, along with ~1.5 m of adjacent bench
occupied by PC systems.
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Our prototype, Fig 1, has been demonstrated to work with flies, locusts
and zebrafish. It has the potential to be used with a wide range of other
organisms, including small mammals (rats, mice).

USGS BEE LAB / FLICKR

E

lectroretinograms (ERGs) have been
used in the diagnosis of human
disease and of visual deficits in animal
models for a long time. The basic principle
is similar to an electrocardiogram, where
surface electrodes are used to record the
electrical activity of the heart. However in
an electroretinogram, the visual activity
of the eye and/or brain is recorded from
electrodes placed on the head.

mounted in the tips of Gilson pipettes, locusts are restrained in Falcon
tubes with Blu-tack, while zebrafish larvae are immobilised in a petri dish
with agar. During set-up, the preparation can be illuminated by white light.
The signal from the recording electrode is amplified by a custom, op-amp
circuit. Both DC and AC coupled signals are available to the Arduino A/D
convertor, digitized at 250 Hz and saved on a μSD card. During setup and
recording, waveforms are returned for display on the web page. In our
current setup, the recordings are transferred to a computer running
Matlab, where off-line statistical analysis occurs.
CURRENT IMPLEMENTATION : To validate the system, we took the
Matlab protocol used in our large darkroom and recoded it in C++ for our
Arduino setup. With this code, either traditional flash ERGs or Steady
State Visual Evoked Potential ERGs (SSVEP) can be chosen. In the SSVEP
stimulus a pattern of 45 flickering stimuli are presented, summed 12 Hz
and 15 Hz waveforms with different contrasts. Fig. 2A shows a sample
stimulus and the resultant waveform.
Offline data analysis shows that results obtained with the Arduino system
are comparable to our published results, which are based on data collected
using large scale apparatus where the ort knockout shows severe reduction
in the lamina response. We generally see a similar signal:noise ratio, and
we obtain much better control of the 50 Hz hum in the Arduino than in the
conventional Faraday cage. Other experiments underway with the system
include circadian rhythms, analysis of fly models of Parkinson’s disease
and epilepsy.
DEVELOPMENT : We have 2 prototypes under construction. In one, we
are delivering the light through a light guide, with a sharpened pipette tip,
presenting a very small spot to a few ommatidia on the eye. This allows us
to investigate the spread of electrical signalling across the eye, with our
particular interest being a model of epilepsy. In a second prototype, we are
incorporating an interlock, which is controlled by shutting the lid. In this
way, UV-wavelengths can be delivered only when the lid is closed, achieving
a much safer setup than when the large scale rig is used. We are developing
a version of the software in which the data parameters are encrypted.

OTHER POSSIBILITIES : The apparatus
lends itself to other stimulus parameters,
e.g. white noise stimuli, and experiments
to measure the speed of adaptation or
bleaching and subsequent recovery.
We can also devise stimulus regimes to
determine the characteristics of each type
of photoreceptor, using the principle of
silent substitution.
Finally, using bright infra-red LEDs we
can stimulate long-wavelength absorbing,
genetically encoded proteins that are
expressed in particular kinds of visual
neurons. This approach allows us to
knock out or enhance their activity in the
visual circuit. Since these wavelengths are
invisible, they do not generate a visual
response.
The power of the Arduino is that the
infra-red stimulus can be mixed with
the visual stimulation regime, enabling
us to determine the role of subsets of
neurons in visual processing in the whole
organism.
We are now in a position to
commercialise this system, and
enquiries are welcome.

RESEARCHER PROFILES:

Figure 1. The Arduino-based Vision Lab : Close-up view of the recording electrodes
and fly with the blue light on. A Movie of the blue stimulus is available (left); The
apparatus is shown, with black micromanipulators to hold the recording electrodes,
and white housing of the LEDs visible (right). [Lids removed for photographs]

Alex Wade

Chris Elliott

Alex is a Professor in the Psychology Department,

Chris is a Lecturer in Department of Biology,

University of York, with interests in the visual

University of York, developing tools and

physiology of epilepsy and Parkinson’s, using

equipment to study the impact of Parkinson’s

electroretinogram and fMRI techniques.

related genes in flies.

( enquiries to Chris: chris.elliott@york.ac.uk )
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CASE STUDY:

INDUSTRY SHOWCASE:

ZEDSCAN, A REAL-TIME CANCER DIAGNOSTIC
DEVELOPMENT BACKGROUND:

M

edipex is the healthcare innovation hub for NHS organisations
across the Yorkshire, Humber and East Midlands. Medipex
connects the NHS with industry and academia, sharing its knowledge of
the NHS and effective management of the commercialisation processes
to facilitate the innovation cycle.

The idea for a new detection device originated from Professor
Brian Brown, Head of Medical Physics at the University of
Sheffield, and John Tidy, a Gynaecological Oncologist at the
Royal Hallamshire Hospital (Sheffield Teaching Hospitals
NHS Foundation Trust). Their work led to the development
of a unique diagnostic device that provides efficient and
instantaneous detection of pre-cancerous cells in the cervix.
The IP is jointly owned 50/50 by the University of Sheffield
and Sheffield Teaching Hospitals.

The service is delivered by an experienced multidisciplinary team with
expertise in innovation management, committed to turning ideas,
research and unmet clinical needs into commercially viable products,
services and therapies where they can positively impact on people’s lives.
The expertise encapsulates:•

Intellectual property rights
and commercialisation of
new healthcare ideas

•

Establishment and incubation
of start up healthcare businesses

•

Drafting of contract
documentation associated
with commercialisation of new
healthcare ideas

•

•

Accessing funding to
support development and
commercialisation of new
healthcare ideas (VC, angel
investment and grants)
Support for medical technology
businesses to develop and
introduce new healthcare
technologies and services into NHS

•

Advice to Universities about the
market opportunity associated
with a technology

•

Costs/benefit analysis and
establishing a business case
around the introduction of new
technology into NHS

Following a successful clinical study, the University of
Sheffield approached Medipex Ltd, NHS Innovation Hub, for
advice on the market opportunity in the NHS. Medipex had
the expertise and understanding of the medical technology
sector and undertook a market evaluation. The University
and the NHS agreed Medipex were best placed to take the
project forward and this led to the creation of Zilico Ltd, a
spin out company. Medipex developed a business case and
secured external investment and helped to expand the patent
portfolio to protect certain novel aspects of the technology.
One of the Medipex team also provided interim management
of the spin out company until a full time management team
was recruited to take Zilico forward.

THE BENEFITS OF WORKING WITH MEDIPEX

M

edipex Ltd was established
as an NHS innovation hub by
the Department of Health and has
proudly provided commercialisation
advice and intellectual property
management services to its NHS
Trust members since 2002. Due to
this history and long association with
the NHS, Medipex has an excellent
understanding of the NHS innovation
landscape, where and how new
technologies fit in. Medipex also has a
high level of access to NHS clinicians,
commissioning and procurement
professionals and key clinical opinion
leaders. This expertise and resource
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is available to healthcare companies
and university groups in order to
assess the opportunity, help move
ideas forward and identify appropriate
clinical partners. Medipex actively
manages a pipeline of commercial
deals for the NHS (licence, spin outs
and direct sales) and a portfolio of new
technology opportunities available for
licence.
Medipex has 9 staff members and a
group of highly experienced Affiliates
that they regularly work with. Together
they bring to any project considerable
health economic, data analysis, market
access, commercialisation, funding and

IN-FOCUS : Medical Technologies | August, 2015

sales experience. Supporting the team
are a number of well defined processes
and systems that enable a rapid and
accurate assessment of an idea in the
complex healthcare environment that it
will be used in. This ability to map out
the innovation pathway at the start of
a project can often avoid wasting time
and resources on non viable projects.
Since outset Medipex has assessed
over 1,500 ideas and commercialised
around 100 on behalf of the NHS, such
experience in concert with Medipex’s
unique level of access to the NHS will
prove invaluable in the successful
completion of any project.

ZEDSCAN : An EIS system for the
differentiation of normal,
pre-cancerous and
cancerous tissue

THE TECHNOLOGY:
Cervical cancer diagnosis worldwide is
a multi-step process based on expert
assessment of cervical smears (screening)
and then the cervix itself (referral)
and involves a significant measure of
subjectivity. Zilico’s ZedScan technology is
a quicker, more reliable method for cancer
diagnosis.
The technology is an Electrical Impedance
Spectroscopy (EIS) system which exploits
the different electrical resistivity of normal,
pre-cancerous and cancerous tissue. The
first product – ZEDSCAN I is for the
diagnosis of cervical cancer and having
recently received CE certification is now
being used in the NHS and elsewhere. This
ground-breaking system offers quicker
and more accurate detection of cervical
neoplasia in real-time, enabling clinicians
to improve patient management.
Zilico Ltd has now developed the next
generation of cancer diagnostics with
a product line that provides real-time
diagnostics for cervical cancer but is also
applicable to a range of other cancers e.g.
oral (research underway), oesophageal,
anal, vulval and vaginal cancers.

CONTACT:
Clare Steele-Childe
Medipex Office manager
T: 0113 3970 963
E: clare.steele-childe@medipex.co.uk
W: www.medipex.co.uk
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Searching for the latest
university research for
collaboration & co-development?
The IN-PART platform is a mind-store of innovation from
the frontiers of science, technology and engineering,
all seeking collaborative partnerships with businesses
Register at in-part.com for free access* to:

Over 250
collaboration
opportunities from
43 world-leading
universities

Personalised alerts
of the latest IN-PART
submissions within
your chosen area(s)
of interest

A contact function
to submit questions,
information requests,
and feedback to
university TTO’s

*Accessible only to industry R&D Professionals

