Biomarkers

Biomarker discovery –
the need for new
generation peptideprotein microarrays
The progression from health to disease is marked by significant biological
changes within an individual1. Clinically presenting symptoms, however, can be
non-specific and variable enough to hinder diagnosis, and may appear only after
a disease has already become well-established and consequently more difficult
to treat2.

B

iomarkers are extremely valuable tools for
clinical scientists looking to overcome such
challenges. A biomarker is classified as a
substance or molecule indicating a particular biological process, which can be an extremely specific
surrogate for a certain disease state. Changes in
biomarker levels can predict clinical outcomes
which would otherwise take months or years to
detect conventionally in the clinic. The most robust
biomarkers indicate factors essential to the underlying process of the disease being detected or treated. For example, in slow-progressing fibrotic diseases, biomarker monitoring can be vital in guiding
the course of treatment by providing short-term
indications of disease progression and effects of
on-going therapy. This is equally important in clinical trials, where biomarker state or abundance can
replace a traditional clinical endpoint, more qualitatively and often with greater accuracy3.
Despite the importance of biomarkers to our
understanding of immunology, the field of biomarker discovery has progressed slowly4. To date,
the FDA has approved only two biomarker panels
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for use as a prognostic tool for breast cancer and
only one for ovarian cancer5. Due to the complexity of biological pathways and the heterogeneity
between individuals, a single biomarker does not
have a high enough predictive value to be a reliable
diagnostic tool as it may only present consistently
in a certain proportion of the population in
response to an antigen or tumour, or may contain
enough variation to elude reliable detection.
With a recent shift in immunology and oncology towards studying networks and interference
across whole systems, the concepts of systematic
relationships are now being applied to biomarker
discovery6. In particular, multilevel biomarker
panels, detecting markers at different informational levels including microRNAs, molecular lipid
species and proteolytic degradation products
could provide unparalleled diagnostic, prognostic
and theranostic information. However, to successfully target therapies towards the specific patient
population in which they will have the most benefit requires a huge leap in the speed of biomarker
discovery and validation.
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Figure 1
Ixodes genus ticks are the
carriers of Lyme disease
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Oncology is a field which stands to particularly
benefit from an increasingly routine use of biomarkers, as significant patient benefit is gained
from early tumour detection and subsequent tailored treatment7,8. The challenge here is to identify biomarkers with the sensitivity to detect (or
which are produced as a result of) very small
tumour masses, and also with the specificity to
allow distinction between related cancerous and
benign conditions5,9.
The human proteome has been a strong focus for
biomarker discovery, which is most accessible in
the form of plasma or serum derived from blood
samples. While only a handful of proteins are currently used in routine clinical diagnoses, the abundance and structure of the plasma protein pool
may change in ways indicative of many, if not all,
human diseases10. Proteomics therefore has the
potential to deliver an immediate and accessible
means to assess health and disease states in realtime, including building patterns of activity levels
of chronic conditions4. Epitope patterns of different patient subsets can be highly informative both
in predicting patient prognosis and in gaining
insight into the immune system’s battle against
infection, in turn leading to the development of
new therapies for disease treatment or management. For instance, serological analysis of autoimmune patients has revealed dominant epitopes and
provided evidence for the presence of antibody
specificities associated with specific disease subsets, invaluable for guiding increasingly individualised treatment plans. In general the ‘antibodyome’, a profile of many different circulating antibodies, can indicate the presence of infectious diseases or cancer. Equally, this can indicate the

body’s response to human intervention, such as
dosing with biological and other drugs. The challenge which screening technology faces here is the
need for flexibility to detect multiple protein or
antibody specificities and their relative frequency
at different disease states.
Banked and archived sample collections of
patient plasma and sera have the potential to be
important sources for biomarker discovery in this
context, although often only very small volumes of
sample are available, for example as ‘leftovers’
from previous studies. This still represents a valuable resource, however, as sera can retain much
reactivity even after several decades of storage11.
Immunoassays using, for example, monoclonal
antibodies or other detection reagents, are one of
the most commonly used methods for the detection
and validation of protein biomarkers, and significant advancements in their quality and application
range have been made as research groups continue
to develop them. Creating traditional immunoassays, such as ELISAs, can be a labour-intensive
task. Further, if multiple protein-protein interactions are to be studied on a broader range of samples, such assays require large amounts of reagents
and analytes. There is, however, the opportunity to
miniaturise such assays following proof of principle11. Assays can be transferred to specialist
microarray platforms at dedicated core facilities in
order to gain very significant economies of scale,
both in terms of sample and reagent usage as well
as in overall processing cost.
Microarray platforms offer high degrees of multiplexing while consuming very small sample volumes of just a few microlitres over the entire array,
compared to the millilitres consumed by the traditional 96-well immunoassays. They are, therefore,
ideal for tackling the challenges associated with
biomarker discovery, collecting statistically powerful volumes of data with their ability to detect tens
of thousands of interactions simultaneously in a
multiplex format1,12. The reduced sample consumption makes them ideal for analysing the small
volumes of sera stored in historic sample banks, as
well as in paediatric or animal studies where it is
only possible to collect limited sera samples. Once
transferred to one of these next-generation platforms, the improved efficiency and speed makes it
possible to investigate and compare samples from
many more individuals than would have been possible on the original assay set-up.
With the advent of new powerful and scalable
assay technologies, projects that were previously
prohibitive in terms of cost and sample usage are
now possible. Processing up to 40,000 features per
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array, projects can be accommodated that demand
scale to achieve the required statistical power efficiently and, in fact, can now be delivered at a cost
less than equivalent studies on a legacy 96-well format. Microarray analysis equipment has also
evolved to such an extent that it now exceeds the
detection limits of standard immunoassay reading
equipment. This means that more accurate and
sensitive measurements can be achieved that reach
into the single pictogram per ml range alongside
very attractive dynamic ranges.
A recent case study comes from New York
Medical College, from which P. Arnaboldi and his
team used a commercial high throughput ligand
binding assay service as part of their investigation
into biomarker-based diagnosis of Lyme disease13.
Lyme disease is endemic in many regions of North
America and Europe, spread by ticks of the genus
Ixodes which carry Borrelia bacteria. If untreated it
can lead to permanent neurological and musculoskeletal damage, but early-stage infection can be
resolved with a course of antibiotics. Early identification and treatment is therefore critical to patient
outcome, but clinical diagnosis is limited by Lyme’s
varying and non-specific symptoms. Diagnosis
relies on detecting antibodies against the bacterium
or bacterial proteins in serological assays, as the
presence of the Borrelia bacterium itself cannot be
detected by classic microbiologic methods.
The current two-tier assay used for Lyme diagnosis, an ELISA followed by a western blot, is unreliable at detecting early infection. The target proteins
lack in both sensitivity and specificity, with significant sequence variation and a high level of crossreactivity with antigens from other bacteria. The
assay combination fails to identify the presence of

early Lyme in up to 50% of cases. Arnaboldi’s team
hope to identify at least five peptide epitopes which
are both highly specific to Borrelia and highly conserved, and thereby develop a sensitive multi-peptide diagnostic assay which will detect the presence
of human-generated antibodies against Lyme. The
team focused on the Borrelia surface protein OspC
as a potential source of epitopes. OspC was chosen
as it is required for bacterial transmission from
ticks to humans, and therefore is always present in
Lyme infection. However, with a high degree of
variation within the sequence of the protein as a
whole, Arnaboldi used the assay service to further
investigate whether the OspC protein contained
any epitopes which were highly conserved in
Borrelia and provoked an antibody response from
sera of Lyme-infected patients.
Eight Lyme-positive patients were tested against
an overlapping library of 37 peptides from the
bacterial OspC protein to discover a conserved
epitope, OspC1, which is indicative of Lyme infection in humans and could form the basis of a diagnostic biomarker panel. From the data generated,
Arnaboldi and colleagues were able to identify
three peptides which bound to more than 50% of
the Lyme samples, with the entire process taking
place over just five weeks. Subsequent ELISAs
confirmed that one of these epitopes, OspC1, positively detects Lyme in more than 75% of early
Lyme patients and is highly conserved. It is therefore a good candidate to form part of an assay to
reliably detect early-stage Lyme and ensure timely
treatment of the disease. Dr Arnaboldi and coworkers hope to identify several more of these
highly specific, conserved Borrelia epitopes, for an
assay with high diagnostic specificity which could

Figure 2: Results from a test serum sample for binding to 12 peptide pairs (native and citrullinated) from RAassociated proteins. Asterisk indicates result from one citrullinated fibrinogen peptide sequence (peptide 13), shown
next to result from the native sequence (peptide 14)
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significantly improve the ability to diagnose Lyme
disease, and increase positive patient outcomes13.
Shreffler et al analysed patient sera using a peptide microarray and found that patients with a
greater diversity of epitopes had a history of more
severe allergic reactions14. And for diseases with
well-characterised diversification in antigen reactivity as a result of immune progression, ie Lyme,
where the antibody profile changes from presenting as primarily IgM to primarily IgG as the disease progresses, this information is invaluable for
identifying the stage of the disease13.
Other recent work carried out at Karolinska
University Hospital in Stockholm, Sweden in the
field of Rheumatoid Arthritis (RA) explored the
association of disease specific protein modification
called citrullination in RA15. The onset of RA is
associated with MHC class II-dependent activation
of adaptive immunity. A variety of proteins (such
as vimentin, alpha-enolase, type II collagen and
fibrinogen) undergo post-translational modification of arginine to citrulline over time and a working hypothesis is that this may be aggravated by
smoking or bacterial infection. Autoantibodies
towards these modified proteins may complex with
their target citrullinated proteins as part of a multistep process in RA disease progression.
Increasing the number of B cell epitopes on candidate autoantigens is central when dissecting this
complex disease and with that intent researcher
Lena Israelsson turned to a B cell epitope mapping
service where a series of novel and previously identified peptides from RA-associated proteins were
synthesised in both their native and their citrullinated variants, then spotted on to multiple
microarray slides for screening. Sera collected from
RA patients were assayed for binding to the paired
native and citrullinated peptides. Across the set of
patient samples, differences were apparent
between citrullinated peptides and their unmodified counterparts.
For each of the peptide pairs screened, it was evident that the patient antibodies bound more
strongly to the citrullinated variant than the native
peptide. The peptide array based mapping is sufficiently sensitive to highlight these differences in
binding. While further validation work is required,
these results provisionally support the hypothesis
that citrullinated epitopes could be important for
the development of RA. The data helped shortlist
some of the novel peptides for further studies at the
Karolinska Institute15 (Figure 2).
In summary, protein microarrays generate very
powerful data sets, providing detailed and quantitative analysis of protein-protein interactions. The

level of assay multiplexing achievable with this
kind of technology makes it useful for a broad
range of applications, including epitope mapping
of monoclonal antibodies and vaccine candidate
protein or reverse immunology analysis of finding
new vaccine targets based on immune responses
observable in patient sera. This provides valuable
information for disease monitoring, diagnostics
and the development of new therapies.
Most importantly, while developing an
immunoassay complete with reagents for detection
is a difficult and labour-intensive process, nextgeneration microarrays allow for easy transfer of
almost any existing assay to a microarray set-up
where it benefits from the increased sensitivity and
power of high-throughput technology. An efficient
and cost-effective way to do this is by outsourcing
to dedicated facilities, rather than investing the
time and labour costs of running these assays inhouse and the expenditure on specialised equipment which multiplexed assays require.
This wealth of information beginning to be
extracted from new array technology has come
with the new challenge of how to extract meaningful molecular signatures of biological processes –
biomarkers – from the complex datasets generated
which are full of non-useful ‘noise’. Data- and
knowledge-driven metrics are being developed by
the bioinformatics field to identify and statistically
DDW
assess biomarker candidates11.
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