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In this collection of articles, Dr Rolland Carlson
and Dr Richard Brandon, Immunexpress, answer
questions about molecular diagnostics and how
their biomarker signature discovery approach
has aided them in creating an assay for the
detection of sepsis. Also included is a piece

by Dr Veronica Busa and Dr Anthony

Leung, Johns Hopkins University, who

discuss how a high-throughput assay

they developed could help to identify

new drugs to fight COVID-19.
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Building a powerful portfolio of
sepsis biomarker signatures for
therapeutic clinical trials

In this Q&A, Immunexpress Chief Executive Officer Dr Rolland Carlson and Chief Scientific Officer
Dr Richard Brandon discuss key aspects for molecular diagnostic discovery and development platforms,
including how to best leverage microarray and next-generation sequencing (NGS) tools.

“The power of
microarrays
and NGS tools
is multiplex”

Can you tell us about your approach to
discovering biomarker signatures?

Biomarker signatures can enable clinical care
teams to diagnose diseases accurately and quickly,
provide tailored treatments to patients at the right
time and in some cases, do both at a lower cost to
patients and hospitals.

Rather than a targeted search using annotated
biological pathways, we elucidate biomarker
signatures that can be weighted combinations of
the abundances of several biomarkers, or ratios
of those abundances.

The underlying concept for our clinical
diagnostic platform is measurement of the
patient's immune response using blood.

Blood facilitates the circulation of immune cells and
white blood cells represent what is happening in
the rest of the body with respect to the condition

and infection status. White blood cells contain large
amounts of RNA — a measurable genetic material
that can represent a snapshot of the immune
conversation or status.

We use microarray and NGS tools to measure
gene expression in white blood cells in peripheral
blood samples from patients. The power of
microarrays and NGS tools is multiplex —
the abundances of thousands of transcripts, 30,000
or 40,000 on a microarray, as well as the abundances
of distinct transcripts from each gene, can be
quantitatively measured in the same sample. Having
tens of thousands of variables in an experiment
presents a high possibility of coming to the wrong
conclusion as there is a high risk of false discovery.
The key to overcoming this challenge and drawing
robust conclusions is ensuring the experiment is well
designed to start with, having the right team and
using appropriate statistical tools.
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intensive care unit settings, acutely ill patients
present with signs of systemic immune response,
which can either be sepsis or SIRS. These patients
are heterogenous with respect to age, gender,
comorbidities and genetics, among other
parameters. Consequently, it is not enough to
merely use as many clinical samples as possible
when designing a biomarker signature discovery
experiment. Rather, it must use as many clinical
samples as possible but only confirmed sepsis and
SIRS samples and they must be representative of
a wide range of patient backgrounds. We were
fortunate to ink a collaboration with the Molecular

“One novel

Diagnosis and Risk Stratification of Sepsis (MARS) aspect ofour
Consortium — a multicentre project aimed at

developing and validating new technologies approa‘:h to
for early diagnosis and prognosis of sepsis. biomarker
Through this collaboration, we gained access signature

to the largest bank of sepsis samples preserved
for RNA assessment in the world. Importantly,

these samples were well annotated with respect
to whether the patient had either sepsis or SIRS.

discovery was
the use of ratios
of biomarkers”

For our signature discovery, we only used those
patient samples with confirmed sepsis or SIRS
and then validated our signatures at a later stage
using a broader patient population.

What are key experimental design
considerations for a biomarker
signature discovery campaign?

Selection of patient samples in line with how

the test will be used in clinical practice

For sepsis, high value clinical utility is associated
with distinguishing between life-threatening sepsis

Use of a cloud because some of the computing
power required is very intense, particularly
when discovering biomarker signatures

One novel aspect of our approach to biomarker
signature discovery was the use of ratios of
biomarkers. We searched for the best ratios

and a less urgent condition known as systemic
inflammatory response syndrome (SIRS), which is

infection negative. In emergency room and where one biomarker was upregulated and

EXPERT

The resurgence of ELISpot:
VIEW

measuring immune response
at the single-cell level

It can be surprising and exciting

to see tried-and-true technologies
explode back onto the scene.

That is what is happening right
now with ELISpot. Based on

an ELISA principle, the assay

uses membrane-based filter

plates coated with antibody to
bind target analyte secreted by
cells seeded in the immediate
vicinity. The platform provides

an effective method of measuring
antibody or cytokine production
of immune cells at the single-cell
level. ELISpot assays have seen

a resurgence in recent years as
researchers attempt to gain a better
understanding of immune responses
in a variety of fields including

Dr Jun Park

R&D Manager,
Cell Culture Devices, Merck
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cancer studies, allergy research and
vaccine development.

Improvements to the design
of filter plates, such as the
implementation of polyvinylidene
fluoride (PVDF) membranes with
reduced background fluorescence,
have bolstered widespread
application. MultiScreen® ELISpot
plates containing Immobilon-P*
membranes are recognised for their
high sensitivity necessary to detect
the faintest of responses. These assays
can often measure immune response
prior to serological tests and well
after antibodies have been cleared
from circulation. This allows
researchers to understand the timing
and intensity of immune response.

The format is amenable to
automation and supports high
throughput, allowing numerous
samples to be processed within
a single plate. Under optimal
conditions, ELISpot enables
the visualisation of multiple
secretory products from a single
responding cell. Thus, the assay
can provide both qualitative
(type of cytokine/protein) and
quantitative (number of responding
cells) information. When assay
sensitivity, ease of use and cost
are taken into consideration,
the ELISpot is an excellent choice
for measuring immune response
in research, therapeutic and
diagnostic applications.
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Dr Richard Brandon

Rolland is CEO of
Immunexpress and has
more than 25 years' of
extensive leadership in
the molecular diagnostic
space across business
development, new
product R&D and FDA
approval, as well as global
commercial and general
management. Rolland
joined Immunexpress in
2018 and prior to that, he
served as CEQ Wafergen
Biosystems, CEO at
Asuragen for eight years
and held several business
development roles of
increasing responsibility
at Abbott Laboratories for
over 20 years. He holds a
bachelors and a doctoral
degree from Southern
lllinois University.

Dr Rolland Carlson

Richard is CSO of
Immunexpress and has
more than 35 years' of
experience as a veterinary
immunologist, molecular
biologist, pathologist,
animal and human
healthcare R&D executive.
Prior to Immunexpress,
Richard has held
positions at Cornell,

Sloan Kettering Cancer
Research, University of
Queensland, Genetrax,
Plasvacc and BioNiche. He
holds a bachelors and a
doctoral degree from the
University of Queensland,
as well as amastersin
business administration
from Queensland
University of Technology.

the other downregulated in the condition to

be diagnosed. For example, in our SeptiCyte
RAPID® assay, PLAC8 is upregulated and PLA2G7
is downregulated in sepsis compared to SIRS.

It is the differential between the two biomarkers
that provides diagnostic power — considering the
different number of pairs of biomarkers across
the human genome, it is immense. To whittle that
down to those most relevant to your hypothesis
or question requires a large computing capacity.
We used a computing cloud to achieve this. Prior to
using this approach, most other researchers were
looking for a single biomarker; we were looking
at combinations and ratios of biomarkers that
correlated with the condition.

Can you tell us about the depth and breadth
of your biomarker signature database?

We have a portfolio of biomarker signatures we
have looked at from a host response perspective.
We are not a sepsis-only company. Our discovery
approach, platform and intellectual property
extends to numerous different serious infectious
diseases. The portfolio comprises hundreds of
biomarker signatures for multiple infectious
conditions where a clinician would have difficulty
with a diagnosis as patients present with similar
clinical signs.

Our primary focus has been developing a novel
and high-performing test for sepsis diagnosis owing
to the large unmet need — sepsis accounts for the
highest in-patient costs and deaths. SeptiCyte
RAPID is clinically validated and as of late last year,
received 510(k) US Food and Drug Administration
(FDA) clearance indicated as an aid in the diagnosis
of sepsis in adults. The assay is agnostic to the
infectious agent and indicates a probability of
sepsis irrespective of the causative infectious
agent, be it bacterial, viral, fungal or protozoal.

We are moving forward with commercialisation,
while also pursuing FDA clearance for use in
broader patient populations. One next-generation
test, SeptiCyte RAPID+, can also distinguish
between sepsis caused by a bacterium versus

a virus. Results will therefore enable clinicians to
selectively administer antibiotics to patients with
a bacterial sepsis versus those with viral sepsis.

There is a fair amount of information known
about the biology of PLA2G7, one of the biomarkers
used in our lead test. It is an inhibitor of Platelet
Activating Factor (PAF) and its downregulation in
the early stages of infection leads to an increased
likelihood of thrombosis. There has been a clinical
trial in administering the encoded recombinant
protein to patients with sepsis to try and reduce
the proinflammatory and pro-thrombotic effects of
PAF. However, strong results in animal models did
not translate to the human clinical trial; the trial

was halted early because treated patients did not
show clinical benefit. Despite these results, there is
likely still potential for the use of recombinant
PLA2G7 in the treatment of sepsis. SeptiCyte RAPID
may benefit future clinical trials in the following
two ways:

1. identifying which patients have sepsis
2. deciding when to give that therapy.

In this instance, the timing of intervention is
important because it has been shown that in
the later stages of sepsis, patients have an
increased propensity to bleed rather than clot
and administration of PLA2G7 at this time would
be contraindicated.

However, not much is known about the biological
role of PLAC8. Most of what is known relates to
expression in particular types of cancers and its
role in immunosuppression. We do know that
it is a protein expressed strongly in a cellular
sub-compartment involved in killing infectious
organisms. Therefore, PLAC8 could be a good
drug target to modulate, increase or decrease
depending on the stage of sepsis to help a patient
overcome an infection.

Beyond clinical diagnosis, how do you see
the biomarker signatures being useful
for clinical trials and drug discovery?

Almost all clinical trials for sepsis therapeutics
have failed. This is because, by several estimates,
upwards of 50 percent of patients enrolled in such
clinical trials do not have sepsis. That is an issue
of patient inclusion. Unless you include patients
in a clinical trial that actually have the condition
to be treated, it is very likely the results will be
equivocal. Point two, sepsis is a very dynamic
condition from an immunological perspective.
For example, patients can quickly change from
thrombosis to bleeding or immunostimulated
to immunosuppressed. Thus, knowing when to
administer the specific drug target is critical. It is
key to select and screen patients who are more
likely to exhibit a safe and efficacious response to
an experimental treatment. That is, select the right
treatment for the right patient at the right time.
We believe our sepsis biomarkers could be
useful in addressing the timing and selection
of the right patients for sepsis therapy trials.
Indeed, many of our biomarkers have roles in
biological pathways for responding to infection.
However, many do not and these could have
similar — if not higher — clinical utility. Studies are
currently underway andwe welcome the
opportunity to work with companies advancing
sepsis treatments and methods of managing the
clinical care of septic patients.
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A high-throt
macrodomain assay to
identify coronavirus drugs

In the search for a rapid, easy way to identify drugs to fight SARS-CoV-2, researchers from

across the US came together to develop and apply a high-throughput ADP-ribosylhydrolase assay,
ADPr-Glo. Here, Dr Veronica Busa and Dr Anthony Leung from Johns Hopkins University describe
the ADPr-Glo assay and how it can be leveraged to reveal drug candidates that inhibit viruses

- both current and future.
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IRUSES MUST invade host cells

and hijack the local machinery

to replicate their own genome.

To further this objective, viruses have
developed diverse mechanisms that inactivate
and evade the immune systems of their hosts.

A common goal of antiviral drugs is to thwart
viral replication by inhibiting the viral polymerases
or proteases necessary to process viral proteins.
Our team pursues a class of drugs that blocks
viral replication by targeting a different viral
protein.! This protein is not only critical for viral
replication but is also required for full repression
of the interferon response during infection.
Therefore, besides blocking viral replication,
inhibition of this protein may additionally restore
the host interferon response against viruses,
contributing to recovery from disease.!

The COVID-19 pandemic exposed medicine's
need for new classes of drugs to protect
against highly contagious and deadly viruses.
Although all previously identified coronaviruses
are simply contributors to the common cold,
three coronaviruses have caused epidemics within
the last two decades: SARS-CoV, MERS-CoV and
SARS-CoV-2. With hundreds of coronaviruses
circulating in wild animals, it is inevitable that
there will be another zoonotic transmission of
a coronavirus into humans and we must prepare
ourselves against this potential future pandemic.
Another virus group with pandemic potential
is alphaviruses, which includes chikungunya,
Mayaro and Eastern Equine Encephalitis.
Alphaviruses are mosquito-borne and have been
expanding into new regions due to climate change
and urbanisation. The US National Institute of
Health (NIH) has deemed both coronaviruses
and alphaviruses as having pandemic potential 2
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but there are only a few coronavirus antivirals
on the market and no available treatments
for alphaviruses.

To address the current pandemic and
potential future viruses, we have focused on
a druggable protein domain target called
macrodomain, specifically a type which is present
in both coronavirus and alphavirus proteomes.
Macrodomains are ubiquitous and are found in
organisms ranging from humans to bacteria.?
The macrodomain protein family recognises
a chemical tag called adenosine diphosphate
ribose (ADP-ribose) that is attached to proteins to
facilitate protein recruitment and promote internal
communication in response to a broad range of

“The

signals such as viral infections and the interferon pandemlc
response.* A subset of macrodomains possesses exposed
ADP-ribosylhydrolase activity, which allows them medicine's

to cleave off ADP-ribose tags from proteins.*®

Multiple virus families, including coronaviruses needfor new
and alphaviruses, have macrodomains with classes ofdrugs
ADP-ribosylhydrolase activity that can interrupt to protect

a cell's antiviral response by removing ADP-ribose
tags, thereby allowing the virus to replicate.!
ADP-ribosylhydrolase activity is already known to
be essential for the replication and virulence of many
viruses.®*13 Our research group at Johns Hopkins
University, in collaboration with scientists at Case
Western Reserve University and the University of
Kansas, both US, therefore set out to find a drug
that can target and inhibit the ADP-ribosylhydrolase
activity of the SARS-CoV-2 macrodomain.
Identifying drugs that inhibit macrodomains
first requires a high-throughput assay to detect
macrodomain activity to replace resource- and time-
intensive gel-based ADP-ribosylhydrolase activity
assays. Fortunately, we were already proactively
developing such a method.

Inhibitors

COVID-19

against highly
contagious and
deadly viruses”

1

macrodomain
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A: Workflow of ADPr-Glo; B: Simplified workflow using ADPr-Glo to screen thousands of potential macrodomain-inhibiting compounds



Prior ADP-ribosylation research and method
development in our lab laid the foundation for
creating a high-throughput assay to measure
macrodomain activity. Work on the Nudix enzyme
family, which can break down free ADP-ribose into
phosphoribose and adenosine monophosphate
subunits, demonstrated that some Nudix
proteins, such as NudF, can cleave free ADP-ribose
but not protein-conjugated ADP-ribose.**



