CJ CLI - October 2017

Brain biomarkers

biomarkers

Mild traumatic brain injury (mTBI) and concussion from sporting/
recreational activities are relatively common. However, assessment

of mTBI is difficult and many incidents of mTBI and concussion are
unrecognized and/or not reported. Levels of the -amino-3-hydroxy-5-
methyl-4-isoxazolepropionic acid receptor (AMPAR) peptide, a product
of the proteolytic degradation of AMPA receptors, have been found

to be raised in mTBI and the development of point-of-care (POC) tests
based on the recognition of the AMPAR peptide is underway. Such

POC tests will be useful at the pitch sideline or in the combat field for

aiding objective diagnosis and management of subtle brain injury.

by Prof. Svetlana A. Dambinova, Rozalyn Heath and Dr Galina A. Izykenova

Introduction

Mild traumatic brain injury (mTBI)
including concussion is the most fre-
quent form of injury in military and civil-
ian settings with the highest prevalence
among young adults aged 15 to 24 years.
Each year sports and recreational activi-
ties contribute about 3.8 million cases of
mTBI in the USA [1], whereas brain inju-
ries caused by explosions are the most
common combat wounds in the military
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Figure 1. Scheme of MP-ELISA assay. 1, MP
coated by capture antibodies; 2, target antigen

3, labelled by enzyme detection antibodies.

Assessment of mTBI regardless of origin
is complicated. Many primary mTBIs, and
particularly concussions, go unrecognized
or are not reported when there is no loss
of consciousness. Additionally, without
sufficient reports of previous incidents,
soldiers and competitive athletes are often
subjected to multiple concussions. There
are several challenges to identify immedi-
ate (or primary acute and subacute within
24 hours and up to 2 weeks respectively)
impact, secondary (beyond 14 days) and
cumulative (brain-related seizures) con-
sequences that might follow multiple con-
cussions or mTBI.

Normally, acute subclinical concussions
associated with micro-edema forma-
tion that is reversible and not visible on
conventional computed tomography
and magnetic resonance imaging (MRI)
methods. Advanced neuroimaging tech-
niques (diffusion tensor imaging, func-
tional MRI, and positron emission tomog-
raphy) that can register minor structural
and microvascular changes are primarily
used for research. These modalities are
not available in emergency situations or
for routine clinical evaluations and have a
limited application in persons with metal
implants [2] or claustrophobia [3].

Currently, there is an unmet diagnostic
need to reveal brain micro-damage fol-
lowing concussion by use of a rapid and
affordable assay detecting, for instance,

laboratory assessment of mild traumatic
orain injury by use of neurotfoxicity

neurotoxicity  (immunoexcitotoxicity)
biomarkers in the bloodstream [4]. Anal-
ogous to NR2 peptide as a biomarker
for cortical lesions in transient ischemic
attack (TIA)/strokes [5], we proposed
that the a-amino-3-hydroxy-5-methyl-
4-isoxazolepropionic  acid  receptor
(AMPAR) peptide marker is able to differ-
entiate subtle brain injury in white matter
associated with concussions.

Neurotoxicity biomarkers in mTBI
It is known that the family of ionotropic
glutamate receptors (GluRs) imply-
ing N-methyl-D-aspartate (NMDAR),
AMPAR and kainite receptors are involved
in the regulation of synaptic connectiv-
ity in cortical/subcortical and brainstem
areas [4,5]. Recently, it was shown that
AMPAR represents a biomarker for the
neurotoxicity cascade underlying subtle
brain injury [6].

The family of location-specific GluRs is
involved in more than 80% of cortical
and subcortical neuronal communica-
tions underlying superior mental func-
tions [7]. AMPAR is primarily distributed
in the forebrain and subcortical pathways
[8], and strategically located on surfaces
of small cerebral arteries regulating blood
circulations in white matter substructures
[9]. Symptomatically the impact to brain
may lead to executive brain dysfunctions
associated with subcortical areas. Visual
and cognitive deficits (including problems
with memory, intellect, concentration and
attention) might be an aftermath of subtle
repetitive injuries to deep brain structures
due to more severe cases of mTBL

In acute and subacute phases of mTBI,
a massive release of glutamate, which
upregulates excitotoxic AMPARs has
been detected [4]. The GluR1-subunit of
N-terminal AMPAR fragments is rap-
idly cleaved by extracellular proteases
and fragments carrying immune active
epitopes released into the bloodstream
through the compromised blood-brain
barrier (BBB). This degradation product
can be detected directly in the blood as
AMPAR peptide fragments (molecular
weight 5-7 kDa) [4]. The protective effects
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of a compromised BBB impacting neu-
rotoxicity are exacerbated further when
accompanied by a delayed immunological
response generating peripheral anti-CNS
antibodies [10].

Concussion assays development
To detect AMPAR peptide, magnetic-par-
ticle-based enzyme-linked immunosorb-
ent assay (MP-ELISA) containing unique
reagents has been developed. MP-ELISA
involved a sandwich or ‘bridging’ assay
where the suspended in solution micro-
particles coated by capture antibodies are
binding to two epitopes of AMPAR pep-
tide and reaction is revealed by probe-
detection antibodies (Fig. 1). The probe is
an enzyme that generates a colour reac-
tion. The assay includes control samples
(reference standards) produced syntheti-
cally or as a fusion human protein.

A feasibility study detecting the AMPAR
peptide in a single blood draw taken from
club sport athletes and professional foot-
ball players in acute and subacute stage of
concussions evaluated cut-offs of 0.4 and
1.0 ng/mL respectively for the assessment
of single and recurrent concussions (Table
1) [11,12]. The predictive value of the test
was assessed as 91% with a likelihood ratio
of 11-12 for recognizing individuals with
mTBL If the test at a cut-off point of 0.4
ng/mL was negative, the post-test prob-
ability for a single concussion would be
<4%.

AMPAR peptide concentrations in plasma
for a military cohort suffering mTBI
showed increased levels with an average
concentration of 2.98 ng/mL [13]. In this
study, the optimal cut-off value for recur-
rent mTBI was similar to professional play-
ers (Table 1), at which a positive predictive
value of 93% was achieved. The trade-offs
between true-positive and false-positive
yielded in an area under the receiver oper-
ating characteristic (ROC) curve of 0.97.

Early experimental and clinical research of
antibodies to AMPA receptors (AMPAR

Ab) as an immunoexcitotoxicity bio-
marker has demonstrated their diagnostic
value in detecting pathological brain-spik-
ing activity and epileptic seizures [14,15]
as a consequence of traumatic brain
injury, thereby representing a prognostic
risk factor [16]. Clinical studies of GluR1
antibodies in adult patients with different
chronic neurological pathology (1=1866)
performed in Russia, Germany, Ireland,
Poland and the USA have demonstrated
diagnostic potential (sensitivity of 86%-
88% and specificity of 83-97%) in assess-
ment of post-traumatic seizures.

In sport-related multiple concussions,
AMPAR Ab values remained abnor-
mally high in the blood of some athletes
who had headaches and visual problems.
It was suggested that this finding may
reflect persistent changes in the subcorti-
cal areas of the brain. The diagnostic value
of AMPAR Ab (sensitivity of 86-88%,
specificity of 83-97% at 1.5 ng/ml cut-
off) in assessment of seizures defined by
electroencephalogram (EEG) with his-
tory of sustained single or multiple TBI
have been demonstrated for children and
adult patients indicating a development of
‘chronic’ conditions [13].

Sideline testing of AMPAR pep-
tide and antibody

Recognizing the medical need for sideline
testing for mTBI (largely for emergency
care), a point-of-care (POC) testing plat-
form has been recently undertaken for
AMPAR peptide and antibody assays are
being tested in clinical studies (www.drd-
biotech.com).

A lateral flow sandwich assay to detect
AMPAR Ab consists of a blood filter-
ing sample pad, a pad containing gold
nanoshells conjugated to protein A, a
nitrocellulose strip with immobilized
AMPAR peptide, a control line, and a cel-
lulose absorbent. Applied to the blood
filter, erythrocytes are removed from the
sample, which passes to the conjugate
pad where AMPAR IgGs are captured by

Cut-off (ng/ Time from the

protein A. When the complex reaches the
peptide test line stripe on nitrocellulose, it
binds to the test line yielding a visible sig-
nal with intensity proportional to the con-
centration of the AMPAR Ab presented in
the sample (Fig. 2).

The control line then captures a portion of
the remaining nanoshells regardless of the
presence or absence of the peptide (Fig. 3).

The AMPAR peptide prototype test that
works on a similar principle, employed
gold nanoparticles as the signal-generat-
ing species covalently bound to specific
antibodies against AMPAR peptide. This
assay captures the AMPAR peptide from
the blood sample between two different
Abs, one immobilized on the nitrocellu-
lose and the other on the gold nanoshells.
This ‘bridging’ of the analyte leads to the
immobilization of the particles at the test
line producing a colour signal.

Conclusion

The laboratory assessment of concussion
at the pitch sideline in competitive contact
sports or on the field of combat is required
to assist in the objective confirmation of
when an injured athlete should return to
play or a soldier may return to duty. Accu-
rate diagnosis of concussion and appro-
priate management of subtle brain injury
to prevent damage to the long-term health
of athletes and others at risk of re-injury.
Specific brain biomarkers detected by a
rapid blood test would have important
diagnostic/prognostic capabilities, partic-
ularly for concussion, to objectively evalu-
ate early signs of further brain-function
deterioration and assist in navigating per-
sonalized therapy when required. Clini-
cal use of blood tests can reliably detect
subtle brain impact, predict consequences
and aid in triaging persons with persistent
symptoms after a recurrent concussion for
diffuse tensor or diffuse-weighted imaging
modalities of MRI [17].

Early identification of concussion has the
potential to become a key component of

Positive likelihood

Clinical studies N Age (years) ml) injury (weeks) Sensitivity (%) Specificity (%) ratio
Sports-club athletes 124 19-24 04 1-2 91 92 11.9
Professional athletes | 43 22-32 1.0 2 89 91 1.7

Military 173 19-25 1.0 1 92 81 12.0

Table 1. Preliminary performance characteristics of AMPAR peptide assay.
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Figure 2. Lateral flow assay schematic for detection of antibody in serum samples.

a successful treatment strategy and out-
come monitoring. Advances in analytical
assay technologies have made it possible
to develop a rapid, cost-effective test that
can be used to target populations and
select a risk group for post-traumatic sei-
zures to direct to the immediate attention
of a specialist.

The opportunity of using ‘yes/no’ lateral
flow tests without a need for an instru-
mental readout, being simply read by eye,
would make a huge difference in supply-
ing coaches with reliable, simple and rapid
tests in return-to-play decisions. There is
also a high demand for portable POC tests

Figure 3. Lateral flow assay to detect NR2

antibody in buffer within 2 minutes: negative
control (left) and positive sample (right).

for mTBI diagnosis in military combat
and civilian emergency settings.
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