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Teaming up for biomarker future
Many problems still hinder the use of biomarkers in clinical practice, but new public–private partnerships
could improve the situation
Andrea Rinaldi

B

iomarkers are considered to be the
cornerstones of a preventive and
personalized medicine of the future.
Interest in relevant research is therefore
booming, and so are investments. A recent
survey of research grants awarded by the
National Institutes of Health (NIH) between
1986 and 2009 revealed that almost
29,000 grants containing the term ‘biomar
ker’ were awarded during this period, with
a dramatic increase in 2009 (Fig 1). The total
money for these NIH grants in 2008 and
2009 alone was more than US$2.5 billion.
The private sector is also attracted by bio
markers—regarding them as a possible solu
tion to the paucity of R&D productivity in the
pharmaceutical sector—and many biotech
companies are already pursuing their use, or
offer specialized screening services.

The private sector is also
attracted by biomarkers—
regarding them as a possible
solution to the paucity of
R&D productivity in the
pharmaceutical sector…
The ‘gold-rush’ for biomarkers is spurred
by the potentially large benefits—both eco
nomical and societal—for those that suc
ceed in identifying a reliable marker with
great diagnostic value for disease manifest
ation or progression, ideally in a peripheral
fluid such as blood or urine. The quest for
cancer biomarkers dominates, but increas
ing efforts are being devoted to finding
markers for other conditions, from cardio
vascular risk or autoimmune diseases such
as type 1 diabetes, to blood–brain barrier
damage or infection-related complications
such as sepsis.
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Alzheimer disease is one area in
which biomarker research could have a
huge impact. Although a predictive test
for Alzheimer disease risk is needed, no
confirmed biomarkers exist. Diagnosing
Alzheimer disease in its early stages remains
extremely difficult, although new neuro
imaging techniques and advanced soft
ware offer some hope (BBC, 2011). As the
biochemical changes in the brain’s extra
cellular fluid that indicate pathologies are
expressed in the cerebrospinal fluid (CSF),
the best molecular evidence comes from
measuring tau protein and β‑amyloid in
the CSF. Yet, blood plasma could also be a
source of biomarkers for neurodegenerative
changes in the brain, which would make
Alzheimer disease diagnosis much simpler.
So far, however, things seem complicated,
partly owing to the inherent difficulty in
yielding an accurate classification of cases
of disease and controls. For example, a
blood-based protein biomarker profile
that has just been released (O’Bryant et al,
2010) has minimal overlap with 18 markers
that were previously reported to be able to
distinguish Alzheimer disease and control
subjects with close to 90% accuracy (Ray
et al, 2007).
Is there a possibility of finding an
Alzheimer disease‑specific signature in
plasma? Simon Lovestone, professor of oldage psychiatry at the Biomedical Research
Centre for Mental Health at King’s College
(London, UK) thinks so. “Our proteomic
work shows this to be the case,” he said. A
study by his team used two-dimensional gel
electrophoresis coupled with mass spec
trometry, identifying several proteins previ
ously implicated in the disease, including
complement factor H (CFH) precursor and
α‑2-macroglobulin; their elevation was

Notwithstanding the progress
made so far, the promise of
new techniques to search the
proteome for reliable biomarkers
has yet to be fulfilled
shown to be specific for Alzheimer dis
ease and to correlate with disease severity
(Hye et al, 2006). This and other evidence,
Lovestone argues, indicates that a panel of
plasma markers will probably be needed
to discover and confirm Alzheimer disease,
rather than a single biomarker. Moreover,
these blood-based markers will not stand
alone in practice, Lovestone thinks, but
will be used together with CSF and imag
ing markers—a combination that offers
added value.

E

fforts to identify biomarkers of disease
state are one the main drivers of prote
omics research. Notwithstanding the
progress made so far (Fig 2), the promise of
new techniques to search the proteome for
reliable biomarkers has yet to be fulfilled. An
analysis conducted by Leigh Anderson from
the Plasma Proteome Institute in Washington,
DC, USA, on the basis of US Food and Drug
Administration (FDA) approvals for proteinbased assays until 2008, revealed that only
22 new tests were introduced to clinical
practice in the past 15 years, and, notably,
none of these were results of proteomicbased investigations (Anderson, 2010). “This
rate falls far short of that needed to support
projected medical needs and indicates seri
ous deficiencies in the protein biomarker
pipeline,” Anderson wrote.
The hurdles to be overcome are
undeniably huge. Protein concentrations
in blood or urine vary by several orders of
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magnitude, and molecules that could have
informative value might be dispersed and
masked by more-common proteins. Splicing
and post-translational variants are add
ing to the molecular variety. Finally, trans
ferring biomarker detection techniques from
research to the clinical laboratory can prove
difficult. Although most clinical diagnostics
use single-protein biomarkers, it is likely
that cracking the early signature of complex
human diseases will require the detection
of multiple biomarkers, and the develop
ment of complex algorithms to find specific
patterns. Other variables, such as poorly
standardized criteria for the selection of
patients and controls, or procedures for the
handling, collection, storage and processing
of samples also pose problems for moving
biomarker research into the clinic.

…transferring biomarker
detection techniques from
research to the clinical laboratory
can prove difficult
“A problem in identifying biomarkers
is the biological variability, which is often
underestimated,”
commented
Harald
Mischak, Chief Scientific Officer of
mosaiques-diagnostics, a company based
in Hannover, Germany, that specializes in
proteomics services for clinical diagnosis
and pharmaceutical research. “Analysis of a
biomarker in a small cohort may well sug
gest significant association with the disease
or pathology of interest. However, in fact
it only shows association with a difference
between the cohorts investigated, and may
well not at all be associated with disease.”
Mischak believes that this problem can be
partly addressed by using multi-centred
sampling and the mandatory verification
of results in an independent cohort. He
recalled the case of urinary proteomics
to identify disease-associated biomarkers
that have been verified in several indepen
dent cohorts; these are already being used
in patient evaluation and clinical trials, and
are being evaluated by regulatory agencies
for qualification as biomarkers (Alkhalaf
et al, 2010; Mischak et al, 2010). “What is
still substantially funded in Europe is the dis
covery of ‘potential biomarkers’. What actu
ally is required is the application of potential
biomarkers in large, multicentric trials to
demonstrate their benefit. Unfortunately, by
far less studies with such aims are funded,
for a variety of reasons,” Mischak said.
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Fig 1 | Number of NIH grants (1986–2009) that contained the terms ‘biomarker’ or ‘biomarker and
discovery’, as derived from the NIH RePORT database (http://projectreporter.nih.gov/reporter.cfm).
A similar trend is obtained when PubMed is searched for scholarly publications containing the term
‘biomarker’ over the same time-frame. Reproduced with permission from Ptolemy & Rifai (2010).

T

he quest for new blood-based bio
markers is not limited to proteins.
Circulating microRNAs (miRNAs)—
non-coding RNAs that inhibit messenger
RNA translation or induce its degradation—
have emerged as a new class of potential
biomarkers. A team led by Maurizio C.
Capogrossi at the Istituto Dermopatico
dell’Immacolata–IRCCS in Rome, Italy, in
collaboration with investigators from the
Centro Cardiologico Monzino–IRCCS in
Milan, examined miRNA plasma levels in
humans with acute myocardial infarction
and in a mouse model (D’Alessandra et al,
2010). They found that levels of miR‑1,
miR‑133a, miR‑133b and miR‑499-5p
increased a few hours after the onset of
myocardial-infarction symptoms in both
humans and mice, and after five days had
returned to normal. In humans, miR‑1,
miR‑133a and miR‑133b reached their
peak levels before plasma troponin I, which
is considered an excellent biomarker for
cardiac injury, demonstrating that selected
miRNAs are sensitive markers of car
diac ischaemic damage. “Since the initial
description of circulating miRNAs in preg
nant women in 2008, a number of studies
have shown that miRNAs may represent
novel biomarkers of a variety of diseases,”
Capogrossi commented. “To date it is still
too early to say that one miRNA, or a miRNA
signature characterized by changes in the
blood level of several miRNAs, provides
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higher diagnostic accuracy than standard
diagnostic procedures for any disease. Time
will tell.” Nevertheless, he said that it is note
worthy that, in myocardial infarction, the
miRNA release process seems to be selective,
resulting in miRNAs differentiated from the
commonly used biomarkers of myocardial
infarction—such as troponins and creatine
kinase—that are released by necrotic cells
on disruption of the plasma membrane.
“Whether this major difference will make
them better diagnostic tools remains to be
established,” Capogrossi cautioned.

Whether it is proteins, genes
or RNA, more action is needed
to nurture the clinical use of
biomarkers, and thus leverage
their economic value
A different approach was taken to iden
tify genes selectively expressed in psy
chiatric disorders, for which there are to
date no clinical blood tests. “Given the
complex nature of these disorders, the cur
rent reliance on a person’s self-reported
symptoms and the clinician’s impres
sion of the patient after interview is a
rate-limiting step in delivering the best
possible care,” said Alexander Niculescu
from the Indiana University School of
Medicine in Indianapolis, Indiana USA.
His team has identified genetic markers
EMBO reports VOL 12 | NO 6 | 2011 501
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for bipolar affective disorder and blood RNA
biomarkers for mood and psychotic disor
ders, all of which have predictive ability in
independent cohorts (Le-Niculescu et al,
2009; Patel et al, 2010; Kurian et al, 2011).
“We are working hard to increase the accu
racy of these tests, and integrate them with
other clinical measures into algorithms and
scores that can inform diagnosis, treatment
and preventive interventions,” he said. “We
think such approaches will revolutionize
psychiatry, medicine, and society at large.”

W

hether it is proteins, genes or
RNA, more action is needed to
nurture the clinical use of bio
markers, and thus leverage their economic
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Fig 2 | Principle of multiplex SOMAmer affinity ▶
assay, a new aptamer-based proteomic technology
for biomarker discovery capable of simultaneously
measuring thousands of proteins from small
sample volumes. (A) Aptamers (SOMAmers)—
short stretches of nucleic acids that form proteinbinding three-dimensional structures—and
samples are mixed in 96-microwell plates and
allowed to bind. Cognate and non-cognate
SOMAmer-target protein complexes form.
Free SOMAmer and protein are also present.
(B) SOMAmer molecules (yellow, blue, and green)
have unique shapes selected to bind to a specific
protein. SOMAmers contain biotin (B),
a photo-cleavable linker (L) and a fluorescent
tag at the 5´ end. Most SOMAmers (yellow and
green) bind to cognate proteins (red), but some
(shown in blue) form non-cognate complexes.
(C) SOMAmers are captured onto a bead
coated with streptavidin (SA), which binds to
biotin. Uncomplexed proteins are washed away.
(D) Proteins are tagged with NHS-biotin.
(E) UV light (hν) cleaves the linker and
SOMAmers are released from beads, leaving
biotin on the bead. Samples are challenged with
an anionic competitor (dextran sulphate).
Non-cognate complexes (blue SOMAmer)
preferentially dissociate. (F) SOMAmer–protein
complexes are captured onto new avidin-coated
beads by protein biotin tag. Free SOMAmers
are washed away. (G) SOMAmers are released
from complexes into a high-pH solution.
(H) The remaining SOMAmers are quantified
by hybridization to microarray containing
single-stranded DNA probes complementary to
SOMAmer DNA sequence, which form a doublestranded helix. Hybridized SOMAmers
are detected by fluorescent tags when the array
is scanned. Figure credit: Gold et al (2010).
http://creativecommons.org/licenses/by/2.5
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value. “I see the big gap between the dis
covery and scientific qualification of a
biomarker, and the requirements of the reg
ulatory agencies as a big obstacle to actu
ally implementing biomarkers in clinical
use for the benefit of the patients. This gap
must be closed,” Mischak said. “Ideally,
regulatory agencies should be involved in
the study planning to help them understand
the new technologies, and at the same time
to ensure that data are produced that allow

regulatory qualification and, if appropriate,
clinical implementation.”
The pharmaceutical sector is also gear
ing up to enter the biomarker market,
which is forecasted to expand in the next
few years, especially for cancer. Much
of the economic value of biomarkers
is linked to the concept of ‘companion
diagnostics’—the idea that new drugs will
come with a companion test to identify
variations in drug metabolism and predict
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As the scientific, regulatory and
business challenges to bringing
diagnostic and safety biomarkers
to the clinic and market are
overwhelming for any single
stakeholder […] collaboration
is necessary
individual responses. So far, however,
progress to the market has been slow for
biomarkers, and new business models
are under scrutiny. “Diagnostics are con
sidered low-value-added by health-care
payers in comparison with therapeutics.
Moreover, evaluating the health and
economic benefits of novel diagnostic tests
has proven difficult. Firms are thus unwilling
to invest heavily in the development of
diagnostic biomarkers unless they are
associated with the prescription of a partic
ular drug which captures value for the test,
as is the case in pharmacogenomics or ther
anostics,” explains a report from the bio
technology division of the Organization for
Economic Cooperation and Development
(OECD, 2010). “If there is a push toward
requiring the generation of data for the
clinical evaluation of diagnostic tests, the
experts predict that will entail a shift in the
diagnostic business model towards one
closer to that of therapeutics: fewer high
quality products make it to market but will
need to be reimbursed at rates that better
reflect their value in health care.”

A

s the scientific, regulatory and
business challenges to bringing
diagnostic and safety (Sidebar A)
biomarkers to the clinic and market are
overwhelming for any single stakeholder—
including government, industry, academia,
providers and patient advocates—collab
oration is necessary. Positive examples of
this exist, and might provide paradigms for
the future. The Biomarkers Consortium, a
public–private biomedical research part
nership managed by the Foundation for
NIH (FNIH) in Bethesda (Maryland, USA)
is fostering pre-competitive collaboration—
sharing early stages of research that benefit
all—as a feasible approach to biomarker
qualification. The first completed project
of the Biomarkers Consortium analysed
data from clinical trials conducted by four
pharmaceutical companies and demon
strated that adiponectin has potential util
ity as a predictor of metabolic responses to
peroxisome proliferator-activated receptor

Sidebar A | Biomarkers for drug safety
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PSTC officially launched by Health and Human
Services Secretary Michael Leavitt,
FDA Commissioner Dr. Andrew von Eschenbach,
and FDA Deputy Commissioner
Dr. Janet Woodcock.
PSTC facilitated an agreement between the
EMA and FDA for joint biomarker qualification
review process.
FDA and EMA qualified seven new laboratory
tests on urine which signal kidney injury.

PSTC opens biomarker qualification process with
FDA for new biomarkers of drug-induced liver and
skeletal muscle injury.

Special issue of Nature Biotechnology dedicated
to newly qualified kidney safety biomarkers.
For the first time, the Japanese PMDA qualified
new biomarker laboratory tests which signal
kidney injury.

Predictive Safety Testing Consortium (PSTC) milestones. Credit: Critical Path Institute (www.c-path.org).

In addition to being indicators of normal biological processes and disease conditions, biomarkers can
also measure drug response or the effectiveness of a medical treatment. As the cost of developing drugs
has sky-rocketed in recent years, thereby reducing the number of new drug approvals, finding safety
biomarkers might provide a more focused and productive strategy for drug development.
“From an industry standpoint, drug-induced toxicity is a serious issue, killing 30% of compounds
overall, from leads in the pre-clinic all the way to marketed products. The availability of better preclinical toxicity biomarkers thus remains a key strategic goal,” commented an editorial in Nature
Biotechnology introducing a series of articles on biomarker qualification (Anon, 2010).
With this in mind, the FDA has recently developed the biomarkers qualification process, a new
regulatory process to smooth the path of integrating new biomarkers into therapies; the European
Medicines Evaluation Agency (EMEA) and the Pharmaceuticals and Medical Devices Agency in Japan
are acting in a similar manner (Goodsaid & Mendrick, 2010). Urinary biomarkers of kidney toxicity
have been the first to initiate and test the process. Following the submission of data by the Predictive
Safety Testing Consortium (PSTC; see Figure)—a public–private partnership led by the non-profit
Critical Path Institute—seven new urinary markers for nephrotoxicity have been reviewed and qualified
in animal models through a joint FDA–EMEA effort (EMEA, 2009).
Experts from academia, government and industry are often called to interact to improve the
development of biomarkers to determine drug safety. During a workshop on the topic, organized by
the Institute of Medicine of the US National Academies of Science in Washington, DC, USA, one of
the issues identified as affecting the development and use of biomarkers to detect drug toxicity was
understanding the mechanisms of action of the drugs. “Although a biomarker can provide predictive
information based solely on the association between its intensity and organ toxicity or other outcomes,
biomarkers have their greatest value when they unveil a mechanism that can be understood so the drug
can be altered to avoid the toxicity. The same is true when biomarkers reveal mechanisms of benefit. Yet
regardless of whether such mechanistic insights are gained, reliable information that can distinguish
who is at risk and who will benefit is valuable. And the discovery of a predictive biomarker can lead to
further research on the association between that biomarker and an outcome,” (Olson et al, 2009).

(PPAR) agonists in individuals with type 2
diabetes (Wagner et al, 2010).
“Biomarkers represent a particularly
fertile area for collaboration, given the
resources (data, expertise, financial) and
challenges required to develop and qual
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ify them. Consensus across multiple sec
tors is highly desirable, and public–private
consortia are an ideal approach,” said
Jenna Mills, communications manager for
FNIH. “Recent advances, including the
implementation of network models and
EMBO reports VOL 12 | NO 6 | 2011 503
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large-scale consortia, highlight the increas
ing role that pre-competitive collaboration
is assuming within biomedical research and
drug development. Data-sharing projects
can be completed and answer many ques
tions that would otherwise be impossible
to resolve using the data sets of each indivi
dual company alone.” Nine more projects,
including four clinical trials, are ongoing,
focusing on cancer, metabolic disorders
and neurological disorders. “This model of
biomarker validation fosters future research
which addresses medical needs, aids regu
latory authorities with making informed
decisions, and allows all stakeholders
involved to align their priorities in order to
ultimately benefit the public,” said Mills.
In addition, the Biomarkers Consortium is
about to launch two clinical trials aimed
at the qualification of new kidney safety
biomarkers in collaboration with the
Predictive Safety Testing Consortium (PSTC),
expanding on the pre-clinical work of the
PSTC nephrotoxicity working group
(Sidebar A).
This vision is a change from the tra
ditional model of drug development.
Nevertheless, despite the potholes remain
ing to be avoided or filled, it seems to be the
road ahead.
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A new era for plant
biotechnology
A combination of pharmaceutical applications, technologies and safety
measures could lead to new applications for genetically modified plants
Philip Hunter

T

he imminent prospect of the first
approval of a plant-made pharma
ceutical (PMP) for human use could
herald a new era for applied plant science,
after a decade of public backlash against
genetically modified crops, particularly in
Europe. Yet, the general resistance to geneti
cally modified organisms might have done
plant biotechnology a favour in the long run,
by forcing it to adopt more-rigorous proce
dures for efficacy and safety in line with the
pharmaceutical industry. This could, in turn,
lead to renewed vigour for plant science,
with the promise of developing not only
food crops that deliver benefits to consum
ers and producers, but also a wide range of
new pharmaceuticals.
This is certainly the view of David
Aviezer, CEO of Protalix, an Israeli company

that has developed what could become
the first recombinant therapeutic protein
from plants to treat Gaucher disease. The
protein is called taliglucerase alpha; it is a
recombinant human form of the enzyme
glucocerebrosidase that is produced in
genetically engineered carrot cells. This
enzyme has a crucial role in the break
down of glycolipids in the cell membrane
and is either used to provide energy or
for cellular recognition. Deficiency of
this enzyme causes accumulation of lip
ids with a variety of effects including
premature death.
“My feeling is that there is a dramatic
change in this area with a shift away from
the direction where a decade ago biotech
companies like Monsanto and Dow went
with growing transgenic plants in an open
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