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Diagnostic Methods

Field of the Invention
The invention relates to aiding the diagnosis of acute brain injury. In particular the
invention relates to qiding the diagnosis of stroke. Novel biomarkers and panels of

biomarkers are described in the methods of the invention.

Background to the invention

Stroke is a leading cause of death and disability in industrialized countries. The rapid
diagnosis of an acute siroke is essential to triage suspected patients and transfer

confirmed ones in specialized stroke units,

[t is well known that non-cerebrovascular conditions can present with a clinical picture
mimicking stroke, so that early accurate differentiation of such "mimics” from true stroke
is essential to direct patients towards appropriate care. At present, the absence of a
simple and widely availoble diagnostic test for acute cerebral ischemia remains o
problem in the diagnosis {mostly based on clinical grounds and neuroimaging
techniques) and management of stroke. In addition, the prognosis of stroke patients is

relevant 1o rationalize the treatment and the follow-up.

The need for markers to diagnose a stroke and/or to predict probable course and

outcome of the disease is therefore a major problem for the medical workforce (1).

Human cerebral microdialysis is an in vivo sampling technique to monitor the changes
in composition of extracellular fluid (ECF) in the brain. Basically, a flexible microprobe is
inserted into the patient's brain and ¢ solution with composition very close to that of
cerebrospinal fluid (CSF) is perfused (2). The probe simulates the function of a
fenestrated capillary. The endogenous substances, that can pass the semi-permeable
membrane situated at the probe tip, diffuse from the interstitial fluid to the microdialysis

solution.

In the past few vears, several studies measuring small molecules in human brain
microdialysates, such as substrates (e.g.. glucose}, metabolites {e.g.. pyruvate, lactate),
and neurotransmitters (e.g.. glutamate} were caried out (3-5). Conversely, few
proteomic studies of these rare materials have been reported to date (6, 7). The ability
to recover proteins depends on several physico-chemical factors such as their

molecular weight, hydrophobicity/hydrophilicity, charge, shape, radius of gyration and
1
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interactions with other molecules. The structure of the microdialysis catheters, the pore
size of the membrane, the flow rate, the temperature, and the diffusion properties of the
proteins inside the perfused fluid influence both the protein and fluid recovery (8). As an
example, in vitro recovery of protein S100-B (S100B), a 12 kDa calcium binding protein
with important intracellular and extracellular function (9), was improved with catheter MW
cut-off of 100 kDa with respect to formal cut-off value of 20 kDa ( 10). The accumulation
of biological debris within the catheter was also shown to decrease recovery over time
(8). Thus microdialysis approaches remain technically extremely challenging.
Furthermore, they represent an invasive procedure requiring incision and access to the
inner parts of the brain, which is an extremely specialised and difficult procedure to carry

out.

In this context, Maurer et al. carried out a proteomic analysis of human brain
microdialysate with two-dimensional gel electrophoresis and mass spectrometry (MS),
and identified 27 proteins from the non-infarcted (i.e. contralateral (Cl)) hemisphere of
stroke patients (1 1 ). Many of those proteins were previously detected in CSF but few
appeared to be exclusively present in the brain microdialysate. None appeared to show
sufficient utility as a biomarker of stroke. In more recent research, microdialysate samples
of patients with subarachnoid hemorrhage (SAH), developing or not a vasospasm, were
compared (12). Glyceraldehyde-3-phosphate and heat-shock cognate 71 kDa proteins
were respectively increased and decreased in the group that suffered a posterior
vasospasm that may produce a cerebral infarction as a side effect. The authors
concluded that these proteins might be used as early markers for the development of
symptomatic vasospasm after SAH.

In view of the above, the identification of markers indicative of acute brain injury and/or
the diagnosis of stroke remains an unanswered problem in the field.

The present invention seeks to overcome problem (s) associated with the prior art.

Any discussion of documents, acts, materials, devices, articles or the like which has been
included in the present specification is not to be taken as an admission that any or all of
these matters form part of the prior art base or were common general knowledge in the
field relevant to the present disclosure as it existed before the priority date of each claim
of this application.
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Description of the Invention

Due to their permitting real-time monitoring and sampling in close proximity to the
damaged tissue, human brain microdialysates are a highly valuable source material for
the discovery of brain-specific biomarkers. Proteomic analysis of human brain
microdialysis samples has been applied by the inventors to find innovative molecules for
the diagnosis and prognosis of cerebrovascular disorders such as stroke.

2A
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These studies allowed the identification of particular biomarkers and further allowed
them to be interrogated for association with stroke. The biomarkers could be further
characterised in terms of their association with particular forms or elements of the injury

such as the proximity to the core of the damaged region or other such property.

The insights gained from these demanding studies have permitted the identification of
certain biomarkers for acute brain injury such as stroke. Thus the inventors have been

able to devise methods for aiding diagnosis of such conditions as detailed herein.

Thus in one aspect the invention provides a method of aiding the diagnosis of acute
brain damage in a subject, said method comprising
(i) assaying the concentration of at least one oxidative stress polypeptide selected

from the group consisting of: PRDX1, PRDX6 and GSTP1 in a sample from said subject;

and
(ii) assaying the concentration of at least one further polypeptide selected from
Panel A;

(iif) comparing the concentrations of (i) and (i) to the concentrations of the
polypeptides in a reference standard and determining quantitative ratios for said
polypeptides;

{iv) wherein a finding of a quantitative ratio of each of the assayed polypeptides in
the sample to the polypeptides in the reference standard of greater than 1.3 indicates

an incregsed likelihood of acute brain damage having occurred in said subject.

The oxidative stress polypeptide may be referred to as an oxidative stress related
polypeptide.

Optionally the at least one oxidative stress polypeptide of (i) may be assayed in

combination with the oxidative stress protein S1008B.

The polypeptide is suitably an oxidative stress polypeptide. The polypeptide is suitably
selected from the group consisting of PRDX1, PRDX6 and GSTP1. This group shares the
common property of being oxidative stress proteins. These proteins are antioxidative
enzymes. They are each connected by their involvement in the elimination of reactive
oxygen species. Thus these polypeptides are conceptually related. Moreover, they are
functiondlly related. These polypeptides are taught as a group for the first time as
diagnostic of stroke. Thus one contribution made to the art by the current invention is
to place this biologically connected group of polypeptides together into a single group
being diagnostic indicators of stroke.
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Optionally the group of PRDX1, PRDXé and GSTP1 may include other protein(s) induced
by oxidative stress. For example the group may include the protein S100B which is
induced in oxidative stress. These polypeptides are taught as a group for the first time
as diagnostic of stroke.

In addition to the common properties noted above, and in addition to the specific
common utility taught here for the first time for this group, and in addition to the small
and defined size of this cluster of polypeptides, it is important to note that they are also
connected by virtue of being evidenced as direct interactors with one another. For
example, these proteins have been demonstrated to be part of a single biclogical

complex.

For example, PRDX1 and GSTP1 are implicated in similar redox protective mechanismes.
Furthermore, they have been evidenced to interact together (Krapfenbauer 2003 Brain
Res. 967 p 152). In addition, GSTP1 has been shown to reactivate oxidized PRDXé
(Schreibelt 2008 Free Radic. Biol. Med. 45 p 256). In addition, the formation of a
complex has been biochemically demonstrated (Kim 2006 Cancer Res. 66 p 7136).

In addition to these powerful indications of common biological function, GSTP1 has
been shown to reactivafe oxidised PRDXé (Manevich 2004 PNAS 101 p 3780).
Moreover, complex formation between these polypeptides has also been proved
(Ralat 2006 Biochemistry (Mosc.) 45 p 360).

Thus for at least these reasons the group consisting of: PRDX1, PRDXé and GSTP1 forms a
single invention, each member of this very small group being linked so as to form a
single inventive concept. This concept may be characterised as the assay of oxidative
stress proteins as an indicator of stroke.  Alternatively this concept may be
characterised as the teaching that assaying for a single biological assembly (i.e. the
above described peroxiredoxin complex) can aid in the diagnosis of stroke. In order to
define the invention in the most definite terms, the individual different molecular
members of the complex are individually recited. However, it should be noted that
these individual polypeptides share a technical relationship for the reasons given
above. Thus each of the individual proteins mentioned share the special technical
features of being in the same biological complex, contributing the same biological
function, being in the same in vivo macromolecular assembly and other common

properties as described. Thus the application relates to a single invention characterised
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by the new teaching connecting the members of this complex to the diagnosis of

stroke.

Svitably step (i) comprises assaying the concentration of at least two oxidative stress

polypeptide selected from the group consisting of: PRDX1, PRDXé and GSTP1.

Suitably step (i) comprises assaying the concentration of each of the oxidative stress

polypeptides PRDX1, PRDXé6 and GSTP1

Suitably step (ii) may comprise measurement(s) of one or more of the panel of oxidative

stress-related proteins described above as part of a larger panel in combination with

proteins with other functions. For example this includes other proteins discovered in

brain microdialysates.

Suitably step (i) comprises assaying the

polypeptide selected from Panel B.

Svitably step (i) comprises assaying the

polypeptide selected from Panel C.

Suvitably step (i) comprises assaying the

concentration

concentration

concentration

polypeptide selected from enlarged panel ABC

Suitably step (i) comprises assaying the
polypeptide selected from Panel 1.

Suitably step (i) comprises assaying the

polypeptide selected from Panel 1H,

Suitably step (i) comprises assaying the
polypeptide selected from Panel 1C.

Suitably step (i) comprises assaying the
polypeptide selected from Panel 1A.

Suitably step (i) comprises assaying the
polypepfide selected from Panel 1B.
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Suitably step (i) comprises assaying the concentration of at least one further
polypeptide selected from Panel 2.

Suitably step (i) comprises assaying the concentration of at least one further

polypeptide selected from Panel 2A.

Suitably step (i) comprises assaying the concentration of at least one further

polypeptide selected from Panel 2B.

Suitably step (i) comprises assaying the concentration of at least two further

polypeptides selected from said Panel.

Suitably step (i) comprises assaying the concentration of at least four further

polypeptides selected from said Panel.

Suitably assaying the concentration of at least one further marker from said panel is

carried out.

Suitably the acute brain injury is stroke.

Suitably the sampile is brain microdialysate fluid, cerebrospinal fluid, or blood.
Most suitably the sampile is blood.

Suitably step (i) comprises assaying the concentration of PRDX1 in a sample from said

subject.
Suitably the protein is detected by western blotting.
Suitably the protein is detected by bead suspension array or by planar array.

Suitably the protein is detected by isobaric protein tagging or by isotopic protein
tagging.

Svitably the protein is detected hy mass spectrometer-based assay.

In another aspect, the invention relates 1o use for diagnostic or prognostic applications

relating to acute brain damage of a material which recognises, binds to or has affinity

6
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for a first and a second polypeptide or a fragment, variant or mutant thereof, wherein
the first polypeptide is selected from PRDX1, PRDXé and GSTP1 and the second
polypeptide is selected from Panel A.

In another aspect, the invention relates to use for diagnostic or prognostic applications
relating 1o stroke of a material which recognises, binds to or has affinity for a
polypeptide or a fragment, variant or mutant thereof, wherein the polypeptide is

selected from Panel 2.

In another aspect, the invention relates to use as described above of a combination of
materials, each of which respectively recognises, binds to or has affinity for one or more

of said polypeptide(s], or a fragment, variant or mutant thereof.

In another aspect, the invention relates to use as described above, in which the or each

material is an antibody or antibedy chip.

In another aspect, the invention relates to use as described above, in which the
material is an antibody with specificity for one or more of said polypeptide(s), or a

fragment, variant or mutant thereof.

In another aspect, the invention relates 1o an assay device for use in the diagnosis of
acute brain damage, which comprises a solid substrate having a location containing a
material, which recognizes, binds to or has affinity for a first and a second polypeptide
or a fragment, variant or mutant thereof, wherein the first polypeptide is selected from
PRDX1, PRDX6 and GSTP1 and the second polypeptide is selected from Panel A.

in another aspect, the invention relates to an assay device for use in the diagnosis of
stroke, which compirises a solid substrate having a location containing a material, which
recognizes, binds to or has aoffinity for a polypeptide, or a fragment, variont or mutant

thereof, wherein the polypeptide is selected from Panel 2.

In an assay device as described above, suitably the material is an antibody or antibody

chip.

Suitably the assay device has a unique addressable location for each antibody, thereby
to permit an assay readout for each individual polypeptide or for any combination of

polypeptides.
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In another aspect, the invention relates to a kit for use in the diagnosis of stroke,
comprising an assay device gs described above, and means for detecting the amount

of one or more of the polypeptides in a sample of body fluid taken from a subject.

More suitably the polypeptide is a peroxiredoxin. More suitably the polypeptide is
PRDX1.

In ancther aspect, the invention relates to a method of diagnosis or prognostic
monitoring of acute brain damage in a subject, said method comprising

{a) obtaining and extracting the proteins from a relevant tissue sample from an
individual;

(b) digesting said proteins to produce a populoﬁoh of peptides;

(c) determining the abundance of one or more of said peptides listed in Table
14 using Selected Reaction Monitoring of one or more of the transitions listed in Table
15;

(d) comparing the abundance of said one or more peptides with a pre-
determined peptide abundance associated with a diagnosis of acute brain damage;
and

(e) determining whether the subject has suffered acute brain damage and/or
that the acute brain damage is worsening or improving based on the differences in

abundance of said one or more peptides.

Suitably the pre-determined peptlide abundance is determined using a known amount
of corresponding synthetic peptide selected from Table 14.

In another aspect, the invention relates to a preparation for making a diagnosis of
acute brain damage or prognostic monitoring of a subject with acute brain damage

comprising one or more synthetic peptides selected from the group listed in Table 14.
Suitably scid one or more synthetic peptides are selected from:

GSTP1 TRIVGDQISFADYNLLDLLLIHEVLAPGCLDAFPLLSAYVGR
MPPYTVVYFPVR
DDYVK
DQQEAALVDMVYNDGVEDLR
FQDGDLTLYQSNTILR
ASCLYGQLPK
AFLASPEYVNLPINGNCK
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PRDX1

PRDX6

DDAH1

MLLADQGQSWK
LSARPK

TLGLYGK
EEVVTVETWQEGSLK
ALPGQLKPFETLLSQNQGGK
YISLIYINYEAGK

HGEVCPAGWKPGSDTIKPDVQK
QGGLGPMNIPLVSDPK
ADEGISFR

DISLSDYK

LVQAFQFTDK

IGHPAPNFK
LNCQVIGASVDSHFCHLAWVNTPK
YVVFFFYPLDFTFVCPTEIAFSDR
MSSGNAK

TIAQDYGVLK
ATAVMPDGQFK

GMPVTAR
MPGGLLLGDVAPNFEANTTVGR
DFTPYCTTELGR
VVFVFGPDK
LIALSIDSVEDHLAWSK
ELAILLGMLDPAEK
LSILYPATTGR
VATPVDWK

NFDEILR

LPFPIIDDR
VVISLQLTAEK
DINAYNCEEPTEK
LAPEFAK
DGDSVMVLPTIPEEEAK
FHDFLGDSWGILFSHPR

ALPESLGQHALR
DENATLDGGDVLFTIGR
DYAVSTVPVADGLHLK

PCT/GB2011/000784
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CYTB

ACBP

CSRP1

MT3

PEPB1

GAEILADTFK
GEEVDVAR
QHQLYVGVLGSK
TPEEYPESAK

HDELTYF

SQVVAGTNYFIK
VFQSLPHENKPLTLSNYQTNK
VHVGDEDFVHLR

MSQAEFEK

AAEEVR
QATVGDINTERPGMLDFTGK
TKPSDEEMLFIYGHYK

WDAWNELK
MWGDLIWLLPPASANPGTGTEAEFEK
MPAFAEFEK

GFGFGQGAGALVHSE
GLESTTLADK
GYGYGQGAGTLSIDK

GGEAAEAEAEK
MDPETCPCPSGGSCTCADSCK
SCCSCCPAECEK

GNDISSGTVLSDYVGSGPPK
LYEQLSGK
LYTLVLTDPDAPSR
NRPTSISWDGLDSGK
VLIPTQVK
YVWLVYEQDRPLK

PCT/GB2011/000784

In another aspect, the invention relates to a preparation as described above wherein

each peptide contains one or more stable heavy isotopes selected from hydrogen,

carbon, oxygen, nitrogen or sulphur.

10
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In another aspect, the invention relates to a preparation as described above wherein said
synthetic peptides are labelled with an isotopic or isobaric tag.

In another aspect, the invention relates to a preparation as described above for the
diagnosis or prognostic monitoring of acute brain damage.

In another aspect, the invention relates to a preparation as described above wherein the
acute brain damage is ischaemic stroke or transient ischaemic attack.

In another aspect, the invention relates to a method for aiding the diagnosis of stroke in a
subject, said method comprising

(i) assaying the concentration of at least one oxidative stress polypeptide selected from
the group consisting of: PRDX1 , PRDX6 and GSTP1 in a sample from said subject;

(i) comparing the concentration of (i) to the concentration of the polypeptide in a
reference standard and determining a quantitative ratio for said polypeptide;

(iiiy wherein a finding of a quantitative ratio of the polypeptide in the sample to the
polypeptide in the reference standard of greater than 1.3 indicates an increased likelihood
of stroke having occurred in said subject.

In another aspect, the invention relates to a method of aiding the diagnosis of stroke in a
subject, said method comprising

(i) assaying the concentration of at least one oxidative stress polypeptide selected
from the group consisting of: PRDX1 in a sample from said subject; and

(ii) assaying the concentration of at least one further polypeptide selected from Panel
A;

(i)  comparing the concentrations of (i) and (i) to the concentrations of the
polypeptides in a reference standard and determining quantitative ratios for said
polypeptides;

(iv)  wherein a finding of a quantitative ratio of each of the assayed polypeptides in the
sample to the polypeptides in the reference standard of greater than 1.3 indicates an
increased likelihood of stroke having occurred in said subject.

In another aspect, the invention provides use for diagnostic or prognostic applications
relating to stroke of a material which recognises, binds to or has affinity for a first and a

11
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second polypeptide or a fragment, variant or mutant thereof, wherein the first polypeptide
is PRDX1 and the second polypeptide is selected from Panel A.

In another aspect, the invention provides a kit for use in the diagnosis of stroke,
comprising an assay device which comprises a solid substrate having a location
containing a material, which recognizes, binds to or has affinity for a first and a second
polypeptide or a fragment, variant or mutant thereof, wherein the first polypeptide is
PRDX1 and the second polypeptide is selected from Panel A, and means for detecting
the amount of one or more of the polypeptides in a sample of body fluid taken from a
subject.Certain method steps discussed herein require the assay of one or more 'further
polypeptide (s) ' in addition to other requirements of the methods. A further polypeptide is
one which is different to the one or more polypeptide (s) already required to be assayed.
This is important because some of the groups of polypeptides presented herein contain
members which are common to other groups presented herein. Clearly the mention of a
'further polypeptide' is intended to impose the assay of an additional polypeptide in
addition to any which are or have been already assayed according to an earlier part of
the method. Thus if a method requires one of A/B/C to be assayed and requires the
assay of a further polypeptide selected from A/B/D/E/F/G, then merely assaying A twice
or B twice does not constitute assaying a 'further’ polypeptide as set out herein; assaying
A then B would constitute the assay of a further polypeptide; assaying A then D would
constitute the assay of a further polypeptide and so on. Thus suitably the further
polypeptide is an additional polypeptide; suitably the further polypeptide is different from
each other polypeptide assayed in the same method.

Acute Brain Damage embraces any rapid onset insults or injuries to the brain. Acute brain
damage may include traumatic brain injury. Acute brain damage may include the effects
resulting from stroke such as ischemic stroke. Acute brain damage may

11A
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include any other acute brain injury. In a preferred embodiment the acute brain injury

is stroke; most preferably ischemic stroke.

The sample may be any suitable biological sample from a subject to be tested. The
sample may be microdialysate fluid gathered from microdialyis of the brain. This has
the advantage of being most closely associated with the site of possible injury.

The sample may be cerebrospinal fluid. This has the advantage of being more easily
collected than microdialysate. This is therefore less demanding on the patient and on
the skilled operator performing the collection.

The sample may be blood. This has the advantage of being easily collected in a
minimally invasive manner. The collection of blood reqguires only ordinary commonly
available equipment and modest training of the medical staff performing the
collecfion.

The sample may be cleared blood (i.e. plasma or cleared plasma), where the red and
white blood cells have been removed for exampie by centrifugation. These offer
advantages of stabilising the sample and making it easier to store or handle, or even

easier to analyse/assay.

Suitably the method(s) described do not involve the actual step of collection of the
sample from the subject. Suitably the step of sample collection is omitted from the
methods of the invention. Suitably the sample is previously collected. Suitably the
methods are in vifro methods. Suitably the methods do not require the physical
presence of the subject from whom the sample has been previously collected. Suitably

the sample is anin vitro sample.

Plasma can be obtained relatively easily and may reflect the sub-proteomes of other
organs, including the brain. Both candidate protein panels and gel based proteomics
have previously been used in plasma and serum to identify possible biomarkers with

some success.

One of the problems with the proteomic analysis of blood plasma with mass
spectrometry, is the huge dynamic range of plasma proteins. Protein levels span an
extraordinary 10 orders of magnitude, which makes the investigation of low(er)
abundant proteins nearly impossible (Anderson and Anderson, 2002, Jacobs et al.,
2005). The instrumental settings in the LC/MS/MS, where the most prominent peaks in a
short period of time are chosen for fragmentation, do not allow for the identification
and quantitation of low abundant proteins in unfractionated plasma due to the high

abundance of serum albumin and other proteins. This is reflected in a low number of
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proteins identified. One approach to reduce the dynamic range is to deplete samples
of the highest abundant proteins and in this case we exemplify this approach using an
immunoaffinity column to remove albumin, transferrin, 1gG, IgA, anftitrypsin, and
haptoglobin, The number of identifiable and quantifiable proteins could be increased

considerably and relative protein levels were compared between different samples.

For certain assay formats, the sample according to the invention may be a processed

'plosmo. This is advantageous when the sample is to be analysed by mass

spectrometry. For example, plasma may be processed to remove highly abundant
proteins, and thereby to increase the number of detectable proteins, or to increase the
detectability of proteins present in low absolute concentrations. Techniques for
depletion of highly acbundant proteins from plasma are well-known in the art. In
particular, a multiple affinity removal system may conveniently be used to process

plasma for analysis.

Furthermore, the sample may suitably comprise plasma proteins such as enriched
plasma proteins. In this embodiment, plasma may be processed as described herein,
and may then be subjected to size exclusion chromatography, buffer exchange, or
other such treatments in order o arrive at a sample comprising the proteins from said
plasma, which may offer advantages such as superior performance in analytical

instruments.

Moreover, it is a specific advantage of embodiments of the invention when the sample
is blood or a blood product that many. of the biomarkers taught herein to be
associated with acute brain injury such as stroke are amenable to detection or
monitoring from blood from extant subjects for the first time; known techniques have
relied on assay of cerebrospinal fluid, often from deceased subjects, and therefore
have not previously amounted to a disclosure of qiding diagnosis in a living subject as is
taught herein.

Reference Standard
The reference standard typically refers to a sample from a healthy individual i.e. one

who has not suffered acute brain damage, cerebrovascular accident or related injury.

The reference standard can an actual sample analysed in parallel.  Alternatively the
reference standard can be one or more values previously derived from a comparative
sample e.g. a sample from a healthy subject. In such embodiments a mere numeric

comparison may be made by comparing the value determined for the sample from
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the subject to the numeric value of a previously analysed reference sample. The
advantage of fhis is not having to duplicate the analysis by determining concentrations
in individual reference samples in parallel each fime a sample from a subject is
analysed.

Suitably the reference standard is matched to the subject being analysed e.g. by
gender e.g. by age e.g. by ethnic background or other such criteria which are well
known in the art. The reference standard may be a number such as an absolute

concentration drawn up by one or more previous studies.

Reference standards may suitably be matched to specific patient sub-groups e.g.
elderly subjects, or those with a previous relevant history such as a predisposition to

stroke or having experienced one or more stroke(s) earlier in life.

Suitably the reference standard is matched to the sample type being onoiysed. For
example the concentration of the biomarker polypeptide(s) being assayed may vary
depending on the type or nature of the sample. It will be immediately apparent to the
skilled worker that the concentration value(s) for the reference standard should be for
the same or a comparable sample to that being tested in the method(s) of the
invention. For example, if the sample being assayed is blood then the reference
standard value should be for blood to ensure that it is capable of meaningful cross-
comparison and therefore a meaningful quantitative ratio being calculated. In
particular, extreme care must be taken if inferences are attempied by comparison
between concentrations determined for a subject of inferest and concentrations
determined for reference standards where the nature of the sample is non-identical
pbetween the two. Suitably the sample type for the reference standard and the sample

type for the subject of interest are the same.

it should be noted that for some embodiments of the invention, the polypeptide
concentrations determined may be compared to a previous sample from the same
subject. This can be beneficial in monitoring the progress of brain damage in a subject.
This can be beneficial in monitoring the course and/or effectiveness of a freatment of a
subject. In this embodiment the method may comprise further step(s} of comparing the
quantitative ratio(s) determined for the sample of interest to one or more quantitative
ratio(s) determined for the same polypeptide(s) from different samples such as samples
token at different time points for the same subject. By making such a comparison,
information can be gathered about whether a particular polypeptide marker is

increasing or decreasing in a particular subject. This information may be useful in
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diagnosing or predicting changes over time, or changes inhibited or stimulated by a
particular treatment or therapy regime, or any other variable of interest. Thus if a
polypeptide biomarker of acute brain damage is elevated, or elevated further, in a
sample from a later time point from the same subject then this indicates a likelihocod of
brain damage progressing or worsening in said subject. Equally, if a polypeptide
biomarker of acute brain damage is decreased in a sample from a later time point
from the same subject then this indicates a likelihood of improvement or lessening of
acute brain damage in said subject. Clearly if these effects are observed in a subject
undergoing treatment for the brain damage, then corresponding inferences regording
the effectiveness of the freatment may equally be drawn according to the present
invention. In other words, when a subject is undergoing treatment, if a polypeptide
biomarker of acute brain damage is decreased in a sample from a later time point
from the same subject then this indicates a likelihood that the treatment is effective; if a
polypeptide biomarker of acute brain damage is elevated, or elevated further, in @
sample from a later time point from the same subject then this indicates a likelihood

that the treatment is ineffective.

In this way, the invention can be used to determine whether, for example after
treatment of the patient with a drug or candidate drug, the disease has progressed or
not, or that the rate of disease progression has been modified. The result can lead to a

prognosis of the outcome of the disease.

Combinations

The invention may be applied as part of a panel of biomarkers in order to provide a
more robust diagnosis or prognosis. Moreover, the invention may be applied as part of
a panel of biomarkers in order to provide a more complete picture of the disease state

or possible outcomes for a given patient.

Of course, the skiled reader will appreciate that the specific biomarkers of the present
invention may be advantageously combined with other markers known in the art. Such
extended groups which comprise the specific biomarkers or panels of biomarkers
discussed herein are of course intended to be embraced by the invention. Selection of
further known markers for testing in such an embodiment may be accomplished by the
skiled reader according to the appropriate sources. In this context additional
biomarkers may relate to stroke, 1o other acute brain damage disorders from which a
differential diagnosis of stroke is required, or to other diseases commonly associated

with patients with stroke or whose symptoms mimic those of stroke.
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Suitably said subject is a human.

Suitably said subject is a non-human mammal.
Suitably said subject is a rodent.

Positional Information

Marker polypeptides of the present invention may show a gradient of concentration in
microdialysis fluids directly related to their proximity to the site of brain injury or insult. It
should be noted that for some embodiments of the invention, the polypeptide
concentrations determined may be compared from different regions of the brain. In
particular the polypeptide. concentrations in a brain region immediately adjacent to
the site 'of insult or injury may be compared to more distal regions within the same brain

hemisphere and/or with the unaffected contralateral hemisphere.

More suitably where the type of brain injury is ischaemic stroke the adjacent region is
the infarct core and the more distant region within the same hemisphere is the

penumbra,

Detection

A marker protein may have its expression modulated, i.e. quantitalively increased or
decreased, in patients with acute brain damage such as stroke. The degree to which
expression differs in normal versus affected states need only be large enocugh to be
visualised via standard characterisation techniques, such as silver staining of 2D-
electrophoretic gels, measurement of representative peptide ions using isobaric mass
tagging and mass spectrometry or immunological detection methods including
Western blotting, enzyme-linked immunosorbent assay (ELISA) or radioimmunoassay.
Other such standard characterisation techniques by which expression differences may
be visudlised are well known to those skilled in the art. These include successive
chromatographic separations of fractions and comparisons of the peaks, capillary
electrophoresis, separations using micro-channel networks, including on a micro-chip,
and mass spectrometry methods including multiple reaction monitoring (MRM) and
TMTcalibrator (Dayon et al 2009).

The extent to which the protein level is modulated will typically vary in inverse
relationship to the distance from the site of brain damage. In the case of brain

microdialysates the modulations seen will be relatively large and typically a ratio >2 is
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indicative of a disease-related change in expression. In more distal sites such as
cerebrospinal fluid and/or plasma the extent of modulation {changes in concentration
of protein detected) may be lower than in brain microdialysates yet siill provide
diagnostically or prognostically useful information. In such materials (e.g. cerebrospinal
fluid and/or plasma) typically a ratio >1.3 would be considered representative of brain
damage.

Chromatographic separations can be caried out by high performance liquid
chromatography as described in Pharmacia literature, the chromatogram being
obtained in the form of a plot of absorbance of light at 280 nm against time of
separation. The material giving incompletely resolved peaks is then re-

chromatographed and so on.

Capillary electrophoresis is a technique described in many publications, for example in
the literature "Total CE Solutions” supplied by Beckman with their P/ACE 5000 system.
The technique depends on applying an electric potential across the sample contained
in a small capillary tube. The tube has a charged surface, such as negatively charged
silicate glass. Oppositely charged ions {in this instance, positive ions) are attracted to
the surface and then migrate to the appropriate electrode of the same polarily as the
surface (in this instance, the cathode). In this electroosmotic flow (EOF) of the sample,
the positive ions move fastest, followed by uncharged material and negatively

charged ions. Thus, proteins are separated essentially according to charge on them.

Micro-channel networks function somewhat like caopillaries and can be formed by
photoablation of a polymeric material. In this technique, a UV laser is used to generate
high energy light pulses that are fired in bursts onto polymers having suitable UV
absorption characteristics, for example polyethylene terephthalate or polycarbonate.
The incident photons break chemical bonds with a confined space, leading to a rise in
internal pressure, mini-explosions and ejection of the ablated material, leaving behind
voids which form micro-channels. The micro-channel material achieves a separation
based on ECF, as for capillary electrophoresis. [t is adaptable to micro-chip form, each
chip having its own sample injector, separation column and electrochemicatl detector:
see J.S.Rossier et al., 1999, Electrophoresis 20: pages 727-731.

Other methods include performing a binding assay for the marker protein. Any
reasonably specific binding agent can be used. Preferably the binding agent is
labelled. Preferably the assay is an immunoassay, especially between the biomarker

and an antibody that recognises the protein, especially a labelled antibody. It can be
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an antibody raised against part or all of the marker protein, for example a monoclonal
anfibody or a polyclonal anti-human antiserum of high specificity for the marker

protein.

Where the binding assay is an immunoassay, it may be carried out by measuring the
extent of the protein/antibody interaction. Any known method of immunoassay may
be used. A sandwich assay is preferred. In an exemplary sandwich assay, a first
antibody to the marker protein is bound to the solid phase such as a well of a plastics
microftitre plate, and incubated with the sample and with a labelled second antibody
specific to the protein to be assayed. Alternatively, an antibody capture assay can be
used. Here, the test sample is dllowed to bind to a solid phase, and the anti-marker
protein antibody is then added and allowed to bind. After washing away unbound
material, the amount of antibody bound to the solid phase is determined using a
labelled second antibody, anti- to the first.

In another embodiment, a competition assay is performed between the sample and a
labelled marker protein or a peptide derived therefrom, these two antigens being in
competition for a limited amount of anti-marker protein antibody bound to a solid
support.  The labelled marker protein or peptide thereof can be pre-incubated with
the antibody on the solid phase, whereby the marker protein in the sample displaces
part of the marker protein or peptide thereof bound to the antibody.

In yet another embodiment, the two antigens are allowed to compete in a single co-
incubation with the antibody. After removal of unbound antigen from the support by
washing, the amount of label attached to the support is determined and the amount
of protein in the sample is measured by reference to standard fitration curves

established previously.

The binding agent in the binding assay may be a labelled specific binding agent,
which may be an antibody or other specific binding agent. The binding agent wili
usually be labelled itself, but alternatively it may be detected by a secondary reaction

in which a signal is generated, e.g. from another Iabelled substance.

The label may be an enzyme. The substrate for the enzyme may be, for example,

colour-forming, fluorescent or chemiluminescent.

An ampilified form of assay may be used, whereby an enhanced “signal” is produced

from a relatively low level of protein to be detected. One particular form of amplified
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immunoassay is enhanced chemiluminescent assay. Conveniently, the antibody is
labelled with horseradish peroxidase, which parficipates in a chemiluminescent
reaction with luminol, a peroxide substrate and a compound which enhances the
intensity and duration of the emitted light, typicaily 4-iodophenaol or 4-hydroxycinnamic
acid.

Another form of amplified immunoassay is immuno-PCR. In this technique, the antibody
is covalently linked to a molecule of arbitrary DNA comprising PCR primers, whereby the
DNA with the antibody attached to it is amplified by the polymerase chain reaction.
See E. R. Hendrickson et al.,, Nucleic Acids Research 23: 522-529 (1995). The signal is

read out as before.

The time required for the assay may be reduced by use of a rapid microparticle-
enhanced turbidimetric immunoassay such as the type embodied by M. Robers et al.,
"Development of a rapid microparticle-enhanced turbidimetric immunoassay for
plasma fatty acid-binding protein, an early marker of acute myocardial infarction”, Clin.
Chem. 1998;44:1564-1567.

The full automation of any immunoassay contemplated in a widely used clinical
chemistry analyser such as the COBAS™ MIRA Plus system from Hoffmann-La Roche,
described by M.Robers et al. supra, or the AxXSYM™ system from Abbott Laboratories,

should be possible and applied for routine clinical diagnosis.

It is also contemplated within the invention to use (i) an antibody array or ‘chip’, or a
bead suspension array capable of detecting one or more proteins that interact with
that antibody.

An anfibody chip, antibody aray or antibody microarray is an aray of unique
addressable elemenis on a continuous solid surface whereby at each unique
addressable element an antibody with defined specificity for an antigen is immobilised
in a manner allowing its subsequent capture of the target antigen and subsequent
detection of the extent of such binding. Each unique addressable element is spaced
from all other unique addressable elements on the solid surface so that the binding and
detection of specific antigens does not interfere with any adjacent such unique

addressable element.

A “bead suspension array” is an aqueous suspension of one or more identifiably distinct

particles whereby each particle contains coding features relating to its size and colour
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or fluorescent signature and to which all of the beads of a particular combination of
such coding features is coated with an antibody with o defined specificity for an
antigen in a manner allowing its subsequent capture of the iarget antigen and
subsequent detection of the extent of such binding. Examples of such arrays can be
found at www.luminexcorp.com where application of the xMAP® bead suspension

array on the Luminex® 100™ System is described.

Alternatively, the diagnostic sample can be subjected to isobaric mass tagging and
LC-MS/MS as described herein. An example of preferred ways of carrying out isobaric

protein tagging are set out in the examples section of this application.

Isobaric protein tagging using tandem mass tags has been shown before to be able to
determine relative proieinsllevels in a highly accurate manner (Thompson et al., 2003,
Dayon et al., 2008). In addition, numerous reports have been published in the last few
years using iITRAQ for protein tagging in various fissues and fluids (Aggarwal et al., 2006).
Especially for the discovery of biomarkers in various conditions, iTRAQ has been proved
to be a highly suitable tool and has been used in ccncér (Maurya et al.,, 2007, Garbis et
al., 2008, Matta et al., 2008, Ralhan et al., 2008) and diabetes research (Lu et al., 2008)
as well as in the quest for biomarkers in neurodegenerative disorders (Abdi et al., 2004)
albeit in CSF.

Muttiple Selected Reaction Monitoring (SRM or MRM)

MRM/SRM is the scan type with the highest duty cycle and is used for monitoring one or
more specific ion transition(s) at high sensitivity, Here, Q1 is set on the specific parent
m/z (Q1 is not scanning), the collision energy is set to produce the optimal diagnostic
charged fragment of that parent ion, and Q3 is set to the specific m/z of that fragment.
Only ions with this exact transition will be detected. Historically used to quantify small
molecules such as drug metabolites, the same principle can be applied to pepiides,
either endogenous moieties or those produced from enzymatic digestion of proteins.
Again. historically experimenis were performed using ftiple quadrupole mass
spectrometers but the recent introduction of hybrid instrument designs, which combine
quadrupoles with ion traps, enables similar and improved experiments to be
undertaken. The 4000QTRAP instrument therefore adllows peptide and biomolecule
quantitation to be performed at very high specificity and sensitivity using Multiple
Reaction Monitoring (MRM). This is largely due to the use of the LINAC® Collision Cell,
which subsequenitly enables many MRM scansto be looped together into one

experiment fo defect the presence of many specific ions (up to 100 different ions) in a
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complex mixture. Consequently it is now feasible to measure and quantify multiple
peptides from many proteins in a single chromatographic separation. The area under
the MRM LC peak is used to quantitate the amount of the analyte present. In a typical
quantitation experiment, a standard concentration curve is generated for the analyte
of interest. When the unknown sample is then run under identical conditions, the
concentration for the analyte in the unknown sample can be defermined using the

peak area and the standard concentration curve.

The diagnostic sample can be subjected to analysis by MRM on an ion-trap mass
spectrometer. Based on the mass spectrometry profiles of the marker proteins
described below single fryptic peptides with specific known mass and amino acid
sequences are identified that possess good ionising characteristics.  The mass
spectrometer is then programmed to specifically survey for peptides of the specific
mass and sequence and report their relative signal intensity. Using MRM it is possible to
survey for up to 5, 10, 15, 20, 25, 30, 40, 50 or 100 different marker proteins in a single LC-
MS run. The intensities of the MRM peptides of the specific biomarkers of the present
invention in the diagnostic sample are compared with those found in samples from

subjects without disease allowing the diagnosis or prognosis to be made.

The MRM assay can be made more truly quantitative by the use of internal reference
standards  consisting of synthetic absolute quantification (AQUA) peptides
corresponding to the MRM peptide of the marker protein wherein one or more atoms
have been substituted with a stable isotope such as carbon-13 or nitrogen-15 and
wherein such substitutions cause the AQUA peptide to have a defined mass difference
to the native, lighter form of the MRM peptide derived from the diagnostic sample. By
comparing the relative ion intensity of the native MRM and AQUA peptides the true
concentration of the parent protein in the diagnostic sample can thus be determined.
General methods of absolute quantitation by such isotope dilution methods are
provided in Gerber, Scoft A, et al. “Absolute quantification of proteins and
phosphoproteins from cell lysates by tandem MS" PNAS, June 10, 2003. Vol 100. No 12. p
6940-6945.

In some cases, whilst it is desirable to use isotope-doped standards to provide absolute
quantitation in an SRM experiment it is not possible 1o use the AQUA approach
described above. In such cases it is possible to use a pair of isotopic mass tags i.e. two
tags with identical chemical structure but different levels of isotopic substitutions giving
each a unique mass. Using two forms of the Tandem Mass Tags® (TMT®)that differ in

mass by 5 Da it is possible 1o label standard synthetic reference SRM peptides with a
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light tag prior to mixing to form a universal reference for all targeted peptides in an
ossdy. Each patient sample is then subjected to trypsin digestion and the resulting
peptides labelled with the heavy TMT tag. An aliquot of the TMT-labelled reference
peptides is then added to the sample to give a final concentration of reference
peptides that is relevant to the target range to be measured in the patient sample. The
spiked sample is then subjected to a standard isotope dilution SRM assay and the
concentrations of the SRM pepftides from the patient sample are calculated by
comparing ion intensites of the heavy form against those of the known concentrations

of the lighter form.

An alternative form of MS-based assay for the relative or absolute guantitation of
regulated peptides identified as biomarker candidates is the TMTcalibrator method
developed by Proteome Sciences plc, Known amounts of synthetic peptides
representing tryptic fragments of the candidate biomarker(s) with good MS/MS
behaviour are labelled with four of the six reagents of the TMTé set of isobaric mass tags
(TMT6-128 to TMT6-131) and mixed in certain ratios. This allows a multi-point calibration
curve reflecting physiological and/or disease-modified concentrations to be designed
and implemented quickly. Subsequently, a diagnostic sample taken from a patient
suffering from or suspected of suffering from acute brain injury such as stroke is labelled
with TMT6-126 and the calibration mix is added 1o the study sample. During MS/MS of
individual peptides, the TMTé-reporter ions of the calibrant peptides are produced and
used to establish a calibration curve. The absolute amount of the peptide in the study
sample is then readily derived by reading the TMT6126 ion intensity against the
calibration curve. Further information on TMTcalibrator assays can be obtained from the

Proteome Sciences website (www.proteomics.com).

A preferred method of diagnosis comprises performing a binding assay for the marker
protein. Any reasonably specific binding partner can be used. Preferably the binding
partner is labelled. Preferably the assay is an immunocassay, especially between the
marker and an antibody that recognises the protein, especiaily a labelled antibody. it
can be an antibody raised against part or all of it, most preferably a monoclonal
antibody or a polyclonal anti-human antiserum of high specificity for the marker

protein.

Thus, the marker proteins described above are useful for the purpose of raising
antibodies thereto which can be used to detect the increased or decreased
concentration of the marker proteins present in a diagnostic sample. Such anfibodies

can be raised by any of the methods well known in the immunodiagnostics field.
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The antibodies may be anti- 1o any biologically relevant state of the protein. Thus, for
example, they can be raised against the unglycosylated form of a protein which exists
in the body in a glycosylated form, against a more mature form of a precursor protein,
€.g. minus its signal sequence, or against a peptide carrying a retevant epitope of the

marker protein.

The sample can be taken from any valid body tissue, especially body fluid, of a
mammalian or non-mammalian subject, but preferably blood, plasma, serum or urine.
Other usable body fluids include cerebrospinal fiuid (CSF), semen and tears. Preferably
the subject is a mammalian species such as a mouse, rat, guinea pig, dog or primate.

Most preferably the subject is human.

The preferred immunoassay is caried out by measuring the extent of the
protein/antibody interaction. Any known method of immunoassay may be used. A
sandwich assay is preferred. [n this method, a first antibody to the marker protein is
bound to the solid phase such as a well of a plastic microtitre plate, and incubated
with the sample and with a labelled second antibody specific to the protein to be
assayed. Alternatively, an antibody capture assay can be used. Here, the test sample
is allowed 1o bind to a solid phase, and the anti-marker protein antibody is then added
and allowed to bind. After washing away unbound material, the amount of antibody
bound to the solid phase is determined using a labelled second antibody, anti- to the
first.

In another embodiment, a competition assay is performed between the sample and a
labelled marker protein or a peptide derived therefrom, these two antigens being in
competition for a limited amount of anti-marker protein antibody bound to a solid
support.  The labelled marker protein or peptide thereof can be pre-incubated with
the antibody on the solid phase, whereby the marker protein in the sample displaces
part of the marker protein or peptide thereof bound to the antibody.

In yet another embodiment, the two antigens are allowed 1o compete in a single co-
incubation with the antibody. After removal of unbound antigen from the support by
washing, the amount of label attached to the support is determined and the amount
of protein in the sample is measured by reference tc standard titration curves
established previously.
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The label is preferably an enzyme. The substrate for the enzyme may be, for example,

colour-forming, fluorescent or chemiluminescent.

The binding partner in the binding assay is preferably a labelled specific binding
partner, but not necessarily an antibody. The binding partner will usually be tabelled
itself, but alternatively it may be detected by a secondary reaction in which a signal is

generated, e.g. from another labelled substance.

Itis highly preferable to use an amplified form of assay, whereby an enhanced "signal”
is produced from a relatively low level of protein to be detected. One particular form
of amplified imrhunoassoy is enhanced chemiluminescent assay. Conveniently, the
antibody is labelled with horseradish peroxidase, which particioates in a
chemiluminescent reaction with luminol, a peroxide substrate and a compound which
enhances the intensity and duration of the emitted light, typically 4-iodophenol or 4-

hydroxycinnamic acid.

The use of a rapid microparticle-enhanced turbidimetric immunoassay such as the type
embodied by M. Robers et al., "Development of a rapid microparticle-enhanced
turbidimetric immunoassay for plasma fatty acid-binding protein, an early marker of
oc_ufe myocardial infarction”, Clin. Chem. 1998;44:1564-1567, significantly decreases the
time of the assay. Thus, the full automation of any immunoassay contemplated in a
widely used clinical chemistry analyser such as the COBAS™ MIRA Plus system from
Hoffmann-La Roche, described by M.Robers et al. supra, or the AxSYM™ system from

Abbott Laboratories, should be possible and applied for routine clinical diagnosis.

Alternatively, the diagnostic sample can be subjected to two dimensional gel
electrophoresis to vield a stained gel in which the position of the marker proteins is
known and the relative intensity of staining at the appropriate spots on the gel can be
determined by densitometry and compared with a cormresponding control or

comparative gel.

In a yet further embodiment the diagnostic sample can be subjected to analysis by a
mass-spectrometer-based assay such as multiple reaction monitoring (MRM) on a triple
quadrupole mass spectrometer or on certain types of ion-trap mass spectrometer. For
each differentially expressed protein it is possible to identify a set of tryptic peptides with
specific known mass (parent mass} and amino acid sequence and which upon

fragmentation release fragments of specific mass (fragment mass) that are unique to
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each protein. The detection of a fragment mass from a defined parent mass ion is

known as a transition.

Identification of such proteotypic peptides can be made based on the mass
spectrometry profiles of the differentially expressed proteins seen during biomarker
discovery, or may be designed in silico using predictive algorithms known to the skilled
practitioner. The mass spectrometer is then programmed to specifically survey only for
the specific parent mass and fragment mass transitions selected for each protein and
reports their relative signal intensity. Using MRM it is possible to survey for up to 5, 10, 15,
20, 25, 30, 40, 50 or 100 different marker proteins in a single LC-MS run. The relative
abundances of the proteotypic peptides for each marker protein in the diagnostic
sample are compared with those found in samples from subjects without acute brain
injury such as stroke allowing the diagnosis to be made. Alternatively comparison may
be made with levels of the proteins from earlier samples from the same patient thus
allowing prognostic assessment of the stage and/or rate of progression of acute brain

injury such as stroke in said patient.

In a further embodiment of the invention the MRM assay can be made more truly
quantitative by the use of internal reference standards consisting of synthetic absolute
quantification (AQUA) peptides comresponding to the proteotypic peptide of the
marker protein wherein one or more atoms have been substituted with a stable isotope
such as carbon-13 or nifrogen-15 and wherein such substitutions cause the AQUA
peptide to have a defined mass difference to the native proteotypic peptide derived
from the diagnostic sample. Once AQUA peptides equivalent to each proteotypic
peptide from the differentially expressed biomarkers have been produced, they can be
mixed to form a reference standard that is then spiked into the trypfic digest of the
patient sample. The combined sample is then subjected to a programmed mass
spectrometer-based assay where the intensity of the required transitions from the native
and AQUA peptides is detected. By Comporing the relative ion intensity of the native
peptides from the sample and the spiked AQUA reference peptlides the true
concentration of the parent protein in the diagnostic sample can thus be determined.
General methods of absolute quantitation are provided in Gerber, Scott A, et al.
“Absolute quantification of proteins and phosphoproteins from cell lysates by tandem
MS" PNAS, June 10, 2003. Vol 100. No 12. p 6940-6945 which is incorporated herein by
reference.

In a yet further embodiment of the invention an absolute quantitation can be made by

using a TMT-SRM assay. Standard synthetic reference SRM peptides corresponding to
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the prototypic peptide of the marker protein are labelled with a light TMT tag having no

isotope substitutions (light tag) prior to mixing to form a universal reference for all marker

“proteins in an assay. Each patient sample is then subjected to frypsin digestion and the

resulting peptides labelled with the TMT fag having five isotopic substitution (heavy tag).
An aliquot of the light TMT-labelled reference peptides is then added to the heavy TMT-
labelled sample to give a final concentration of reference peptides that is relevant to
the target range to be measured in the patient sample. The spiked sample is then
subjected to a standard isotope dilution SRM assay and the concentrations of the SRM
peptides from the patient sample are calculated by comparing ion intensities of the
heavy form against those of the known concentrations of the lighter form,

The invention further includes the use for a diagnostic (and thus possibly prognostic} or
therapeutic purpose of a partner material which recognises, binds to or has offinity for a
marker protein specified above. Thus, for example, antibodies to the marker proteins,
appropriately humanised where necessary, may be used in treatment. The partner
material will usually be an antibody and used in any assay-compatible format,
conveniently an immobilised format, e.g. as beads or a chip. Either the pariner

material will be labelled or it will be capable of interacting with a label.

The invention further includes a kit for use' in a method of diagnosis and prognostic
monitoring of acute brain injury such as stroke, which comprises a partner material, as
described above, in an assay-compatible format, as described above, for interaction

with a marker protein present in the diagnostic sample.

It is further contemplated within the invention to use (i) an antibody chip or array of
chips, or a bead suspension array capable of detecting one or more proteins

differentially expressed in acute brain injury such as stroke.,

The method may further comprise determining an effective therapy for treating acute

brain injury such as stroke.

In a further aspect, the present invention provides a method of freatment by the use of
an agent that will restore the expression of one or more differentially expressed proteins
in the acute brain injury such as stroke state towards that found in the normail state in
order to prevent the development or progression of acute brain injury such as stroke.

Preferably, the expression of the protein is restored to that of the normal state.
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In a further aspect, the present invention provides a method whereby the pattern of
differentially expressed proteins in a tissue sample or body fluid sample of an individual
with acute brain injury such as stroke is used to predict the most appropriate and

effective therapy to alleviate the acute brain injury such as stroke.

Also provided is a method of screening an agent to determine its usefulness in freating

acute brain injury such as stroke, the method comprising:

(a) obtaining a sample of relevant tissue taken from, or representative of, a subject
having acute brain injury such as stroke symptoms, who or which has been treated with
the agent being screened;

(b} determining the presence, absence or degree of expression of the differentially
expressed protein or proteins in the tissue from, or representative of, the treated subject;
and,

{c) selecting or rejecting the agent according to the extent to which it changes the
expression, activity or amount of the differentially expressed protein or proteins in the

treated subject having acute brain injury such as stroke symptoms.

Preferably, the agent is selected if it converts the expression of the differentially
expressed protein towards that of a normal subject. More preferably, the agent is
selected if it converts the expression of the protein or proteins to that of the normal

subject.

Also provided is a method of screening an agent to determine its usefulness in treating

acute brain injury such as stroke, the method comprising:

(a) obtaining over time samples of relevant tissue or body fluid taken from, or
representative of, a subject having acute brain injury such as stroke symptoms, who or

which has been treated with the agent being screened;

(o) determining the presence, absence or degree of expression of a differentially

expreﬁsed protein or proteins in said samples; and,
(c) determining whether the agent affects the change over fime in the expression

of the differentially éxpression protein in the treated subject having acute brain injury

such as stroke symptoms.
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Samples taken over time may be taken at intervals of weeks, months or years. For
example, samples may be taken at monthly, two-monthly, three-monthly, four-monthly,

six-monthly, eight-monthly or twelve-monthly intervals.

A change in expression over time may be an increase or decrease in expression,
compared to the initial level of expression in samples from the subject and/or
compared to the level of expression in samples from normal subjects. The agent is

selected if it slows or stops the change of expression over time.

In the screening methods described above, subjects having differential levels of protein
expression comprise:

(a) normal subjects and subjects having acute brain injury such as stroke; and,

(b) subjects having acufe brain injury such as stroke symptoms which have not
been freated with the agent and subjects having acute brain injury such as stroke
which have been treated with the agent.

Diagnosis and prognosis

The term "diagnosis", as used herein, includes the provision of any information
conceming the existence, non-existence or probability of acute brain injury such as
stroke in a patient. It further includes the provision of information concerning the type
or classification of the disorder or of symptoms which are or may be experienced in
connection with it. It encompasses prognosis of the medical course of the condition. It

further encompasses information concerning the age of onset.

Treatment

It will be understood that where treatment is concerned. treatment inciudes any
measure taken by the physician to alleviate the effect of acute brain injury such as
stroke on a patient. Thus, although reversal of the damage or elimination of the
damage or effects of acute brain injury such as stroke is a desirable goadl, effective
treatment will also include any measures capable of achieving reduction in the degree

of damage or severity of the effects or progression.

In one aspect, the invention provides a method of treatment by the use of an agent
that will restore the expression of one or more differentially expressed proteins in the
acute brain injury such as stroke state towards that found in the normal state in order to
prevent the development or progression of acute brain injury such as stroke. Preferably,

the expression of the protein is restored to that of the normal state,
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In a further aspect, the present invention provides a method whereby the pattern of
differentially expressed proteins in a sample from an individual with acute brain injury
such as stroke is used to predict the most appropriate and effective therapy to alleviate

the neurological damage.

Antibodies

Anfibodies against the marker proteins disclosed herein can be produced using known
methods. These methods of producing antibodies include immunising a mammail {e.g.
mouse, rat, rabbit, horse, goat, sheep or monkey) with the protein. Antibodies may be
obtained from immunised animals using any of a variety of techniques known in the art,
and screened, preferably using binding of antibody to antigen of interest. Isolation of
antibodies and/or antibody-producing cells from an animal may be accompanied by

a step of sacrificing the animal.

As an alternative or supplement to immunising a mammal with a protein, an antibody
specific for the protein may be obtained from a recombinantly produced library of
expressed immunoglobulin variable domains, e.g. using lambda bacteriophage or
flamentous bacteriophage which display functicnal immunoglobulin binding domains
on their surfaces; for instance see W092/01047. The library may be naive, that is
constructed from sequences obtained from an organism which has not been
immunised with the protein, or may be one constructed using sequences obtained

from an organism which has been exposed to the antigen of interest.

The antibodies may bind or be raised against any bioclogically relevant state of the
protein. Thus, for example, they con be raised against the unglycosylated form of a
protein which exists in the body in a glycosylated form, against a more mature form of
a precursor protein, e.g. minus its signal sequence, or against a peptide canying a

relevant epitope of the marker protein.

Antibodies may be polyclonal or monoclonal, and may be multispecific (including
bispecific), chimeric or humanised antibodies. Antibodies according to the present
invention may be modified in a number of ways. Indeed the term "antibody” should be
construed as covering any binding substance having a binding domain with the
required specificity. Thus, the invention covers antibody fragments, derivatives,
functional equivalents and homologues of antibodies, including synthetic molecules
and molecules whose shape mimics that of an antibody enabling it to bind an antigen

or epitope.
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Examples of antibody fragments, capable of binding an antigen or other binding
partner, are the Fab fragment consisting of the VL, VH, Cl and CH1 domains; the Fd.
fragment consisting of the VH and CH1 domains; the Fv fragment consisting of the VL
and VH domains of a single arm of an antibody; the dAb fragment which consists of a
VH domain; isolated CDR regions and F(ab')2 fragments, a bivalent fragment including
two Fab fragments linked by a disulphide bridge at the hinge region. Single chain Fv

fragments are also included.

Antibody fragments, which recognise specific epitopes, may be generated by known
techniques. For example, such fragments include, but are not limited to, the F{ab’)2
fragments which can be produced by pepsin digestion of the antibody molecule and
the Fab fragments which can be generated by reducing the disulfide bridges of the
Flab')2 fragments. Alternative, Fab expression libraries may be constructed (Huse. et
al., 1989, Science 246: 1275-1281) to allow rapid and easy identification of monocional
Fab fragments with the desired specificity.

The term "monoclonal antibody” as used herein refers to an antibody obtained from a
substantially homogenous population of antibodies, i.e. the individual antibodies
comprising the population are identical opart from possible naturdly occurring
mutations that may be present in minor amounts. Monoclonal antibodies can be
produced by the method first described by Kohler and Milstein, Nature, 256:495, 1975 or
may be made by recombinant methods, see Cabilly et al, US Patent No. 4,816,567, or
Mage and Lamoyi in Monoclonal Antibody Production Techniques and Applications,
pages 79-97, Marcel Dekker Inc, New York, 1987.

In the hybridoma method, a mouse or other appropriate host animal is immunised with
the antigen by subcutaneous, intraperitoneal, or inframuscular routes to elicit
lymphocytes that produce or are capable of producing antibodies that will specifically
bind to the nanoparticles used for immunisation.  Alternatively, lymphocytes may be
immunised in vitro. Lymphocytes then are fused with myeloma cells using a suitable
fusing agent, such as polyethylene glycol. to form a hybridoma cell, see Goding.

Monoclonal Anfibodies: Principles and Practice, pp. 59-103 {Academic Press, 1986).

The hybridema cells thus prepared can be seeded and grown in a suitable culture
medium that preferably contains one or more substances that inhibit the growth or
survival of the unfused, parental myeloma cells. For example, if the parental myeloma
cells lack the enzyme hypoxanthine guanine phosphoribosyl transferase (HGPRT or

HPRT), the culture medium for the hybridomas typically will include hypoxanthine,
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aminopterin, and thymidihe (HAT medium), which substances prevent the growth of
HGPRT-deficient cells.

Prefered myeloma cells are those that fuse efficiently, support stable high level
expression of antibody by the selected antibody producing cells, and are sensitive 1o a

medium such as HAT medium.

Culture medium in which hybridoma cells are growing is assayed for production of
monoclonal antibodies directed against the protein. Preferably, the binding specificity
is determined by enzyme-linked immunoabsorbance assay (ELISA). The monocional

antibodies of the invention are those that specifically bind to the protein.

In a prefered embodiment of the invention, the monoclonal antibody will have an
affinity which is greater than micromolar or greater affinity (i.e. an affinity greater than
10-6 mol) as determined, for example, by Scatchard analysis, see Munson & Pollard,
Anal. Biochem., 107:220, 1980.

After hybridema cells are identified that produce neutralising antibodies of the desired
specificity and affinity, the clones can be subcloned by limiting dilution procedures and
grown by standard methods. Suitable culture media for this purpose include
Dulbecco's Modified Eagle's Medium or RPMI1-1640 medium. In addition, the

hybridoma cells may be grown in vivo as ascites fumours in an animal.

The monoclonal antibodies secreted by the subclones are suitably separated from the
culture medium, ascites fluid, or serum by conventional immunoglobulin purification
procedures such as, for example, protein A-Sepharose, hydroxylapatite

chromatography, gel electrophoresis, dialysis, or affinity chromatography.

Nucleic acid encoding the monoclonal antibodies of the invention is readily isolated
and sequenced using procedures well known in the art, e.g. by using oligonucleotide
probes that are capable of binding specifically to genes encoding the heavy and light
chains of murine antibodies. The hybridoma cells of the invention are a preferred
source of nucleic acid encoding the antibodies or fragments thereof. Once isolated,
the nucleic acid is ligated into expression or cloning vectors, which are then transfected
into host cells, which can be cultured so that the monocional antibodies are produced

in the recombinant host cell culture.
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A hybridoma producing a monoclonal antibody according to the present invention
may be subject to genetic mutation or other changes. It will further be understood by
those skilled in the art that a monoclonal antibody can be subjected to the techniques
of recombinant DNA technology to produce other antibodies, humanised antibodies or
chimeric molecules which retain the specificity of the original antibody. Such
technigues may involve introducing DNA encoding the immunoglobulin variable
region, or the complementarity determining regions (CDRs), of an antibody to the
constant regions, or constant regions plus framework regions, of a different
immunoglobulin, See, for instance, EP 0 184 187 A, GB 2 188 638 A or EP 0 239 400 A.
Cloning and expression of chimeric antibodies are described in EP 0 120 694 A and EP O
125023 A.

An antibody against a marker protein described herein will bind to said protein.
Preferably, said antibody specifically binds said protein. By "specific” is meant that the
antibody binds to said protein with an affinity significantly higher than it displays for

other molecules.

The term "antibody"” includes polyclonal antiserum, monoclonal antibodies, fragments
of antibodies such as single chain and Fab fragments, and genetically engineered

antibodies. The anfibodies may be chimeric or of a single species.

The term “"marker protein” or “biomarker” includes all biologically relevant forms of the
protein identified, including post-transiational modification. For example, the marker
protein con be present in the body fissue in a glycosylated, phosphorylated, multimeric

or precursor form.

The term "control” refers 1o a normal human subject, i.e. one not suffering from acute

brain injury such as stroke.

The terminalogy "increased/decreased concentration.. ..compared with a control
sample” does not imply that a step of comparing is actually undertaken, since in many
cases it will be obvious to the skiled practitioner that the concentration is abnormally
high or low. Further, when the stages of acute brain injury such as stroke are being
monitored progressively, or when a course of tfreatment is being monitored, the
comparison made can be with the concentration previously seen in the same subject
at an earlier stage of progression of the disease, or at an earlier stage of treatment or

before treatment has commenced.
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The term 'valid body tissue" or “relevant tissue" means any tissue in which it may
reasonably be expected that a marker protein would accumulate in relation to acute
brain injury such as stroke. It may be a cerebrospinal fluid sample or a sample of blood

or a blood derivative such as plasma or serum.

The term “antibody array” or “antibody microarray” means an array of unique
addressable elements on a continvous solid surface whereby at each unique
addressable element an antibody with defined specificity for an antigen is immobilised
in a manner allowing ifs subsequent capture of the target anfigen and subsequent
detection of the extent of such binding. Each Uniqt\Je addressable element is spaced
from all other unigue addressable elements on the solid surface so that the binding and
detection of specific antigens does not interfere with any adjacent such unique

addressable element.

The term "bead suspension array” means an agueous suspension of one or more
identifiably distinct particles whereby each particle contains coding features relating to
its size and colour or fluorescent signature and to which all of the beads of a particular
combination of such coding teatures is coated with an antibody with a defined
specificity for an antigen in a manner allowing its subsequent capture of the target
antigen and subsequent detection of the extent of such binding. Examples of such
arrays can be found at www . luminexcorp.com where application of the xMAP® bead

suspension array on the Luminex® 100™ System is described.

Mass spectrometry assay” means any quaniitative method of mass spectrometery
including but not limited to selected reaction monitoring (SRM), multiple reaction
monitoring (MRM), absolute quantitation using isotopedoped peptides (AQUA),
Tandem Mass Tags with SRM (TMTSRM) and TMTcalibrator.

The term ‘mutant’ of a biomarker such as a polypeptide biomarker of the invention
should have its normal meaning in the art. Mutants are sometimes referred to as
‘variants’ or ‘dlleles’. The key is to detect biomarkers as have been set out herein. The
biomarkers may possess individual variations in the form of mutations or allelic variants
between individuals being studied. Therefore there may be some degree of deviation
from the exemplary SEQ ID NOs provided herein. The SEQ ID NOs provided herein are
to assist the skilled reader in identifying and working with the polypeptides/biomarkers
of the invention and are not intended as a restricted and inflexible definition of the
individual polypeptides being assayed. Thus minor sequence differences between the
SEQ D NOs provided and the actual sequences of the polypeptide biomarkers being
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detected will be expected within the boundaries of normal-variation between subjects.

This should not affect the working of the invention.

The term ‘comprises' {comprise, comprising) should be understood to have its normal
meaning in the art, i.e. that the stated feature or group of features is included, but that
the term does not exclude any other stated feature or group of features from also

being present.

Fragments/Peptides

It will be appreciated by the skiled worker that the details of the biomarkers discussed
herein and in particular the sequences presented for them are given to facilitate their
detection. The important information being gathered is the presence or absence {or
particular level) of the biomarker in the sample being studied. There is no particular
requirement that the full length polypeptide be scored. Indeed, via many of the
suitable mass spectrometry based modes of detection set out herein, detection takes
place by assaying particular fragments of the polypeptide of interest being present
which are thus taken to indicate the presence of the overall biomarker polypeptide in
the sample. Therefore the invention embraces the detection of fragments of the
polypeptide biomarkers. Moreover, the kits and peptides of the invention may
comprise fragments of the polypeptides and need not comprise the full length
sequences exemplified herein. Suitably the fragment is sufficiently long to enable its

unique identification by mass spectrometry.

Thus a fragment is suitably at least 6 amino acids in length, suitably at least 7 amino
acids in length, suitably at least 8 amino acids in length, suitably at least 9 amino acids
in length, suitably at least 10 amino acids in length, suitably at least 15 amino acids,
suitably at least 25 amino acids, suitably at least 50 aminoc acids, suitably af least 100
amino acids, or suitably the majority of the biomarker polypeptide of interest. Suitably a
fragment comprises a small fragment of the biomarker polypeptide of interest, whilst

being long enough to retain an identifiable mass.

For any given polypeptide or set of polypeptides being detected by mass spectrometry
based assay, the assay may be conducted via MRM techniques mentioned herein. In
this embodiment, certain unique peptides and in particular certain fransitions are
especially advantageous to detect the peptides of interest. These are typically
selected to give the highest representation {or combinations may be used such as any

or all peptides giving a particular level of representation if muitiple fragments/transitions
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give similar levels). Especially preferred transitions used for monitoring are those

mentioned in the accompanying examples and/or figures.

Sequence Homology/Identity

Although sequence homology can also be considered in terms of functional similarity
(i.e.. amino acid residues having similar chemical properties/functions), in the context of
the present document it is preferred to express homology in terms of sequence identity.
Sequence comparisons can be conducted by eye or, mare usually, with the aid of
readily available sequence comparison programs. These publicly and commercially
available computer programs can calculate percent homology (such as percent
identity) between two or more sequences.

Percent identity may be calculated over contiguous seguences, i.e., one sequence is
adligned with the other sequence and each amino acid in one sequence is directly
compared with the corresponding amino acid in the other sequence, one residue at a
time. This is called an “"ungapped” alignment. Typicaily, such ungapped alignments are
performed only over a relatively short number of residues (for example less than 50
contiguous amino acids). For comparison over longer sequences, gap scoring is used
to produce an optimal alignment to accurately reflect identity levels in related
sequences having insertion(s) or deletion(s) relative to one another. A suitable
computer program for carrying out such an alignment is the GCG Wisconsin Bestfit
package (University of Wisconsin, U.S.A; Devereux et al., 1984, Nucleic Acids Research
12:387). Examples of other software than can perform sequence comparisons include,
but are not limited to, the BLAST package, FASTA {Altschul et al., 1990, J. Mol. Biol.
215:403-410) and the GENEWORKS suite of comparison tools.

In the context of the present document, a homologous amino acid sequence is taken
to include an amino acid sequence which is at least 40, 50, 60, 70, 80 or 90% identical.
Most suitably a polypeptide having at least 90% sequence identity to the biomarker of
interest will be taken as indicative of the presence of that biomarker; more suitably a
polypeptide which is 95% or more suitably 98% identical at the amino acid level will be
taken to indicate presence of that biomarker. Suitably said comparison is made over at
least the length of the polypeptide or fragment which is being assayed to determine
the presence or absence of the biomarker of interest. Most suitably the comparison is
made across the full length of the polypeptide of interest. The same considerations

apply to nucleic acid nucleotide sequences.
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Alternate Methods

It will be understood by the skilled reader that specific techniques exemplified herein
may be varied if desired using readily available aiternatives to achieve the same
effect. For example, assay of the biomarker levels in a blood sample may be carried
out by western blot or by isobaric protein tagging or by ELISA or by any other suitable

means known in the art.

Quantitative Ratios

It will be appreciated that there are a number of biomarkers disclosed herein which are
significantly decreased in subjects having suffered acute brain damage such as stroke.
These are scientifically equally valid as is discussed in the accompanying examples
section. However, in practical terms it is more technically challenging to determine an
absence or decrease in a particular biomarker in a sample being analysed. In
particular it is difficult o control for the genuine detection of a decreased amount of a
marker versus a problem in detection. For this reason, in preferred embodiments of the
invention the biomarkers used are those which are elevated or increased in acute brain
damage such as stroke. These have the advantage that positive identification of the

biomarker(s) of interest can positively aid diagnosis.

Thus is shoutd be noted that the quantitative ratios determined herein describe the ratio
of the concentration in the sample of the subject being analysed to the concentration
in the reference standard. Thus aratio of 1.3 is achieved when the concentration in the
sample is 1.3 times the conceniration in the reference standard. Clearly the ratios
could be expressed in another manner (e.g. in reverse) but for consistency the ratios
are discussed herein as sample:standard such that a ratio of 1.3 means a concentration

in the sample being 30% greater than that of the concentration in the standard.

Biomarkers

There are advantages to using more than one biomarker in the methods of the
invention. The advantages include increased specificity and/or sensitivity to the
methods of the invention. We present panels of biomarkers which are particularly

advantageous in the method(s) of the invention.

GSTP-1 and Peroxiredoxins 1 & 6 represent useful markers for management of stroke. For
the reasons noted above, we also present larger panels of proteins. These panels have

technical advantages such as further improving diagnostic sensitivity and/or specificity.
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Ceriain panels disclosed also have the advantage of providing prognostic information.

Accordingly the inventors performed a review of literature relating to stroke and

cardiovascular biomarkers and pathway analysis for all 53 proteins found differentially

expressed in infarct and penumbra compared to contralateral brain microdialysates.

Following this comprehensive bicinformatic approach three groups of biomarkers were

selected. Panel A, Panel B and Panel C. These are shown below in descending priority

order.

PANEL A
N°i
N°2

N°3

N°4

N°5
N°é

PANEL B
Ne|
N°2
N°3
N°4
N°S

N°6

N°7
N°8
N°9

PANEL C
Ne1
N°2
N°3
N°4
N°5
N°6
Ne7

ID
ACBP_HUMAN
CSRP1_HUMAN

PEBP1_HUMAN

DDAHI_HUMAN

MT3_HUMAN
CYTB_HUMAN

ID
PPIA_HUMAN
NFM_HUMAN
UBIQ_HUMAN
B2ZMG_HUMAN
CYTC_HUMAN

SH3LT_HUMAN

TPIS_LHUMAN
MBP_HUMAN
MT2_HUMAN

ID
NFM_HUMAN
COTLI_HUMAN
THY1_HUMAN
PROF1_HUMAN
TYB4_HUMAN
MTTE_HUMAN
FABPB_HUMAN
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Description

Acyl-CoA-binding protein

Cysteine and glycine-rich protein 1
Phosphatidylethanolamine-binding
protein 1
N(G).N(G)-dimethylarginine
dimethylaminohydrolase 1
Metallothionein-3 (MT-3)

Cystatin-B

Description

Peptidyl-prolyl cis-trans isomerase A
Neurofilament medium polypeptide
Ubiquitin.

Beta-2-microglobulin precursor
Cystatin-C precursor {Cystatin-3)
SH3 domain-binding glutamic acid-rich-
like protein.

Triosephosphate isomerase

Myelin basic protein (MBP)
Metallothionein-2 {MT-2)

Description

Neurofilament medium polypeptide
Coactosin-like protein.

Thy-1 membrane glycoprotein precursor
Profilin-]

Thymosin beta-4

Metallothionein-1E

Fatty acid-binding protein, brain (B-FABP)
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N°8 GFAP_HUMAN Glial fibrillary acidic protein (GFAP).
N°9 CAH2_HUMAN Carbonic anhydrase 2

N°10 CERU_HUMAN Ceruloplasmin precursor

N°11 DCD_HUMAN Dermcidin precursor

N°12 DEFI_HUMAN Neutrophil defensin 1 precursor (HNP-1

In some embodiments, Panels A, B and C may be considered as a single cohesive

group of biomarkers which may be referred to as the enlarged panel ABC.

In addition to the defined panels A-C larger panels of biomarker proteins can be used

in the method of the invention.

Panel 1
Biomarker Polypeptide Further Details
Acyl-CoA-binding protein
Apolipoprotein A-ll precursor
Apclipoprotfein A-1V precursor
Carbonic anhydrase 1
Carbonic anhydrase 2
Chitinase-3-like protein | precursor
Cofilin-1
Cystatin-B
Fibrinogen dlpha chain precursor
Flavin reductase
Glial fibrillary acidic protein
Hemoglobin subunit alpha
Histone H1.2 ICvCT
Histone H1.5 Panel TA
Lysozyme C precursor
N{GLN{G)-dimethylarginine
dimethylaminohydrolase 1
Neurofilament medium polypeptide
Neutrophil defensin | precursor
Peptidyl-prolyl cis-trans isomerase A
Phosphatidylethanolamine-binding
protein 1
Thymosin beta-10
Thymosin beta-4
Triosephosphate isomerase
Tropomyosin adlpha-3 chain
Acyl-CoA-binding protein
Beta-2-microglobulin precursor
Coactosin-like protein
Complement C4-A precursor
Cystatin-B ICvP
Cysteine and glycine-rich_protein 1 Panel 1B
Fatty acid-binding protein, brain
Fibrinogen alpha chain precursor
Clutathione S-transterase P
Heterogeneous nuclear
ribonucleoprotein G
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Metallothionein-3
Myelin basic protein [ISOFORM 3]
Neutrophil defensin 1 precursor
Paralemmin
Peptidyl-prolyl cis-trans isomerase A
Peroxiredoxin-2
Peroxiredoxin-6
Phosphatidylethanolamine-binding
protein 1
Plasma retinol-binding protein
precursor
Plasminogen precursor
Platelet basic protein precursor
Profilin-1
SH3 domain-binding glutamic acid-
rich-like protein
Thioredoxin
Ubiguitin
Aquaporin-4
Coactosin-like protein
Cystatin-B
Cysteine and glycine-rich protein 1
Diazepam binding inhibitor, splice form
Ic
Fibrinogen alpha chain precursor
Glial fibrillary acidic protein
Hydroxyacylglutathione hydrolase
Kininogen-1 precursor
Lysozyme C precursor
Metallothionein-2
Metdgliothionein-3
Myoglobin
N{G) N(G)-dimethylarginine
dimethylaminohydrolase 1
Neurcfilament medium polypeptide
Peptidyl-prolyl cis-trans isomerase A
Phosphatidylethanolamine-binding
protein 1
Plasminogen precgursor
Platelet basic protein precursor
Profilin-1
Prothrombin precursor
SH3 domain-binding glutamic acid-rich-
like protein
Spectrin beta chain, brain 1
Stathmin
Ubiquitin
Ubiquitin carboxyl-terminal hydrolase
isozyme L1

PvCT
Panel 1C

An advantage of the markers in Panel 1 is that they are all increased in an affected
subject. In other words, an increase in the level of such biomarker(s) is indicative of an
increased likelihood of acute brain damage. This facilitates positive detection and
helps to eliminate potential problems arising from false negatives due to technical

problems of detection being mistaken for an indication that particular biomarker is
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decreased in a subject. In particular, the markers in Panel 1 share the advantage that
the quantitative ratio for said polypeptides is each above 1.3. This is evidenced in the
examples section. This has the advaniage of providing statistically significant
confidence in each marker used from this panel in a method according to the present

invention.

Panel 1 also defines subgroups of markers according to the particular type of analysis in
Thus the
designations “IC vs CT", "IC vs P” and "P vs CT” in the ‘further details’ column provide

which their statistically significant increased expression was detected.

three further sub-groups of markers:
Panel 1A - “IC vs CT"

Panel 1B - “IC vs P"

Panel 1C - “P vs CT"

Panel 1 also defines subgroups of markers which are found to be elevated to a
stafistically significant level in more than one type of analysis. Thus, individual

biomarkers shown to be underlined are shown 1o occur at elevated levels in affected

subjects in at least two of the three types of analysis undertaken (“IC vs CT”, "IC vs P"
and “P vs CT"). Moreover, there are a smaller number of markers which are shown to
occur at elevated levels in affected subjects in all three of the three types of analysis
undertaken (“IC vs CT" and "IC vs P" and "P vs CT"). These may be easily identified by
comparing the underlined biomarkers in the three treatments and noting those which
occur in each of those three freatments in Panel 1 above. Thus, four further subgroups
of marker are defined {[Panel 1D - “IC vs CT" and "IC vs P"]; [Panel 1E “IC vs CT" and “P
vs CT"]; [Panel 1F "IC vs P and "P vs CT"]; [Panel 1G "IC vs CT" and “IC vs P" and “P vs
C1')).

Panel 1 also defines a further subgroup which can be described as "X vs CT" where X is
P or IC. In other words, this subgroup comprises any marker which is in either IC vs CT
(Panel 1A) or P vs CT (Panel 1C) (or both), Thus Panel 1H is defined as "any vs CT". This
has the advantage of collating all markers which show an increase in an affected

sample compared to the control.

Panel 2

Acyl-CoA-binding

protein

Apolipoprotein A-

Il precursor

Apolipoprotein  A-lV

precursor

Aqguaporin-4

Beta-2-microglobulin

precursor

Carbonic

anhydrase 2

Chitinase-3-like

protein 1 precursor

Coactosin-like

protein
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Cofilin-1 Complement C4- | Cystatin-B Cysteine and
A precursor glycine-rich protein
1
Diazepam  binding | Fibrinogen alpha | Flavin reductase Hemoglobin

inhibitor, splice form

chain precursor

subunit alpha

Ic
Heterogeneous Histone H1.2 Histone H1.5 Hydroxyacylglutath
nuclear ione hydrolase
ribonucleoprotein G
Kininogen-1 Lysozyme C | Metallothionein-2 Metallothionein-3
precursor precursor
Myelin basic protein | Myoglobin N(G].N(G}- Neurofilament
[ISOFORM 3] dimethylarginine medium
dimethylaminohydrol | polypeptide
ase |
Neutrophil defensin 1 | Paralemmin Peptidyl-prolyl Cis- | Peroxiredoxin-2
precursor trans isomerase A
Phosphatidylethanol | Plasma retinol- | Plasminogen Platelet basic
amine-binding binding  protein | precursor protein precursor
protein 1 precursor
Profilin-1 Prothrombin SH3 domain-binding | Stathmin
precursor glutamic  acid-rich-
like protein
Thymosin beta-10 Thymosin beta-4 Triosephosphate Ubiquitin
isomerase

Ubiguitin  carboxyl-
termingl  hydrolase
isozyme L1

Panel 2 presents biomarker polypeptides which are disclosed herein for the first time to

have a connection to any kind of brain damage, particularly to acute brain domage

such as stroke. Thus it is an advantage of individual markers of panel 2 that they are

disclosed for the first time in connection with brain damage.

Panel 2A

Acyl-CoA-binding

protein

Coactosin-like

protein

Cystatin-B

Cysteine and glycine-rich
protein 1
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Fibrinogen alpha | Lysozyme C | Metallothionein-3 | N(G},N{G)-
chain precursor precursor dimethylarginine
dimethylaminohydrolase |

Neurofilament Neutrophil Peptidyl-prolyl cis- | Phosphatidylethanolamine-

medium defensin 1 | trans isomerase A | binding protein 1

polypeptide precursor

Plasminogen Platelet  basic | Profilin-1 SH3 domain-binding

precursor protein glutamic acid-rich-like
precursor protein

Ubiquitin

Panel 2A biomarkers are a sub-group of Panel 2 and have the further property that they
are increased in at least two out of the three microdialysis studies (IC:P, IC:CT and P:CT)
presented in the examples section, suggesting an association with the site of brain

damage.

Panel 28

Cystatin-B Fibrinogen dalpha | Peptidyl-prolyl cis- | Phosphatidylethanolamine-

chain precursor trans isomerase A | binding protein 1

Panel 2B biomarkers are a sub-group of Panel 2A and have the further property that
they are increased in each of the three microdialysis studies (IC:P, IC.CT and P:CT)
presented in the examples section, representing a close association with the site of

brain damage.

Numerous markers are demonstrated herein such as in the examples section. Some
markers show strong associations in more than one patient/experiment in the tables of
data and figures. Those markers showing associations for two or more patients/exp.'s in

herein are preferred.

References to Metallothionein-1E (MT1E_HUMAN]) suitably refer to the protein having the

sequence of accession number P04732.

Definitions
The term ‘comprises’ (comprise, comprising) should be understood to have its normal
meaning in the art, i.e. that the stated feature or group of features is included. but that
the term does not exclude any other stated feature or group of features from also
being present.
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The following abbreviations may be used herein: 1-D PAGE., one-dimensional
polyacrylamide gel electrophoresis; CT, contralateral; CSF, cerebrospinat fluid; ECF,
extracellular fluid; ELISA, enzymie-linked immunosorbent assay; GSTP1; glutathione S-
transferase P; IC, infarct core; HUG, Geneva University Hospitals; IEF, isoelectric focusing;
LACB, B-lactoglobulin; MALDI, matrix-assisted laser desorption ionization; MCA, middle
cerebral artery; MS, mass spectrometry; MS$/MS, tandem mass spectrometry; PRDX,
peroxiredoxin; P, penumbra; RP-LC, reversed-phase liquid chromatography; SAH,
subarachnoid hemorrthage: S100B, protein S100-B; TBI, traumatic brain injury; TMT,
tandem mass tag; TMT2, duplex TMT; TMT4, sixplex TMT; TOF/TOF, tandem time-of-flight.

Exploring brain microdialysates of siroke patients with ms/ms-based quantitative

proteomics is described.

Brief Description of the Figures

Figure 1: Gel images of 4 of the microdialysis samples under study (i.e., CTd, ICd, Pe,
and CTe) after separation with 1-D PAGE {home-made 15% Tris-glycine gels) and silver
staining. Ten L of each microdialysate was loaded on the gels.

Figure 2: Immunoblot validation of increased level of GSTP1 in IC with respect to CT
microdialysates. Pooled microdialysis samples (n = 3; i.e., ICa-c and CTd-f; 1.5 ug) were
separated with 1-D PAGE (home-made 15% Tris-glycine gel). The recombinant GSTP1
(31.25 ng} and post-mortem CSF (10 L) were taken as a positive confrol whereas ante-
mortem CSF (20 ul} served as a negative control.

Figure 3: ELISA measurement of proteins GSTP1 (a), PRDX1 (b}, and S100B (c) in the sera
of control and stroke patients.

Figure 4 shows Distribution of relative abundance of TMT2 reporter-ions for Expa-f before
and after final normalization steps. Basically, a translation was operated on the relative
abundances for both data for reporter-ions at m/z = 126.1 {distribution in red) and 127.1
{distribution in green) in order that the common area between both distribution was
maximal {i.e., to minimize the quantitative differences between both populations).
Figure 5 shows Silver-stained 1-D PAGE images of microdialysis samples relative to Expa-
c. and Expf. Ten pl of each microdialysate was loaded on home-made 15% Tris-glycine
gels. These images were used for designing the TMT2-based quantitative study.

Figure 6 shows Experimental evaluation of the cut-off values to set for the TMT2-based
quantitative  experiments of the human brain microdialysates. Following the
experimental procedure detailed in fhe_ article, TMT6 were used to tag identical
samples of IC, P, and CT microdialysates. Because no difference was expected
between identical samples (e.g., the two IC samples), deviations from 1:1 ratio were

evaluated in term of false positive. The mean cut-off values were averaged from the IC,
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P, and CT results. To have symmetrical cut-off values at 1% FDR, 1.68 and 0.59 (instead
of 0.61) cut-off ratfios had to be chosen.

Figure 7 shows bar charts of progression of the levels of several proteins in the MDs. The
displayed results correspond to the proteins reported in the corresponding tables for
which an evolution could be determined from the ratios obtained by MS.

Figure 8 shows a bar chart of the evolution of the levels of PRDX1 and PRDXé in the MDs;
these trends were determined from the ratios obtained by MS.

Figure 9 shows a diagram of proteomic quantitative workflow used for the analysis of
human brain MDs of stroke patients.

Figure 10 shows an example of tandem mass spectrum (a) and tandem mass spectrum
zoomed on the TMT reporter-ion area (b) obtained when comparing IC and P MDs.
Figure 11 shows iSRM chromatogram of DENATLDGGDVLFIGR peptide (DDAH1 protein)
in human plasma digested with trypsin.

Figure 12 shows iSRM chromatogram of TPEEYPESAK peptide (DDAH1 protein) in human
plasma digested with trypsin.

Figure 13 shows iSRM chromotogrorﬁ of SQVVAGINYFIK peptide (CYTB protein) in
human plasma digested with trypsin.

Figure 14 shows iSRM chromatogram of GYGYGQGAGTLSTDK peptide (CSRP1 protein)
in human plasma digested with *rypsin.

Figure 15 shows iSRM chromatogram of GLESTTLADK peptide (CSRP1 protein} in human
plasma digested with trypsin.

Figure 16 shows iSRM chromatogram of LYEQLSGK peptide [PEBP1 protein) in human
plasma digested with trypsin.

The invention is now described by way of example. These examples are intended to be

ilustrative, and are not intended to limit the appended claims.

Examples

Summary of Examples

In vivo human cerebral microdialysis fluids of stroke patients were investigated for the
discovery of potential protein biomarkers associated with cerebrovascular disorders.
Microdialysates from the infarct core (IC), the penumbra (P) and the unaffected
confralateral (CT) brain regions of patients suffering an ischemic stroke were compared
qualitatively and quantitatively using a shotgun proteomic approach. The changes in
protein amounts were assessed in several cases; €.g., IC vs. P (n = 2}, IC vs. CT [n = 2},
and P vs. CT (n = 2). Tandem mass tags (TMTs) were used to label the content of
microdialysis fluids after reduction, alkylation and digestion with trypsin. After TMT

labeling, the pooled samples were fractionated with off-gel electrophoresis and the
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resulting fractions were analyzed with RP-LC MALDI TOF/TOF. One hundred and fifty six
proteins were identified in the whole brain microdialysates. MS/MS quantitative analysis
showed 43 proteins with increased amounts in the IC with respect to the P and CT
samples. Twenty six proteins were increased in the P with respect to the CT. Glutathione
S-transterase P (GSTP1), peroxiredoxin-1 {PRDX1) and protein S100-B {S100B) changes
were vdlidated with immunoblot on pooled microdialysis samples and/or ELISA on
blood of unrelated control and stroke patients (n = 28). In conclusion, the correlation
between proteomic gquantitative data of the human brain microdialysis and early
validations on blood samples from stroke patients demonstrate the value of the

methods and biomarker panels described herein.

EXPERIMENTAL PROCEDURES:
Materials

B-Lactoglobulin {LACB) from bovine mik (~ 90%), trypsin from porcine pancreas,
iodoacetamide (IAA, 2 99%), recombinant GSTP1 (from human, expressed in
Escherichia coli) , tfris(2-carboxyethyl) phosphine hydrochloride (TCEP) 0.5 M, and a-
cyano-4-hydroxycinnamic acid were purchased from Sigma (St. Louis, MO, USA),
Triethylammonium hydrogen carbonate buffer (TEAB) 1 M pH = 8.5, sodium dodecyl
sulphate (SDS, z 98%), and trifluoroacetic acid (TFA, 2 99.5%) were from Fuka (BUchs,
Switzerland). Hydroxylamine solution 50wt. % in H20O (99.999%) was from Aldrich
(Milwaukee, WI, USA). Hydrochloric acid {25%) and ammonium dihydrogen phosphate
{{(NH4}JH2PO4) were from Merck (Darmstadt, Germany). Water for chromatogfophy
LiChrosolv® and acetonitrle Chromasolv® for HPLC (= 99.9%) were respectively from
Merck and Sigma-Aldrich (BUchs, Switzerland). Duplex and sixplex TMTs (TMT2 and TMTé)
were provided by Proteome Sciences (Frankfurt am Main, Germany). Oasis® HLB 1 cc
{10 and 30 mg) exiraction carlridges were from Waters (Milford, MA, USA),
ImmobilineTM DryStryp pH 3-10, 13 cm and IPG buffer pH 3-10 were from GE Healthcare
{Uppsala, Sweden). Glycerol 50% and mineral oil were from Agilent Technologies
(Wiimington, DE, USA}.

Sample collection

Microdialysates

Patients with a massive, so-called malignant infarction in the middle cerebral artery
[MCA) territory were treated in the Neurointensive Care Unit of Vall d'Hebron University
Hospital according to an institutional protocol which combines induced moderate
hypothermia (32.5 °C) with decompressive craniotomy. Six malignant MCA infarction
patients were included {mean age 50 + 9.3 years; malignant MCA infarction side: 2 lefts,

4 rights; sex: 4 females, 2 males).
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Malignant MCA infraction patients were monitored with high-cut-off {100 kDa) cerebral
microdialysis catheters (CMA-71, CMA Microdialysis, Stockholm, Sweden) which were
inserted at different brain regions (CT, P, and IC). Computed tomography scan was
used to confirm brain microdialysis catheter location. Microdialysate samples were
obtained hourly for 5 days after perfusion with an artificial CSF solution (i.e., NaCl 147
mM, KCt 2.7 mM, CaClI2 1.2 mM, and MgCI2 0.85 mM) by using a CMA 106 micropump
(CMA microdialysis).

Prior to freezing and storage at -80 °C a routine analysis for glucose, lactate, pyruvate
and glycerol/glutomate/urea concentrations in microdialysis samples was performed
with the CMA600 analyser (CMA microdialysis). Proteomic analysis was performed on
pooled brain microdialysates obtained during the first 24 h of brain monitoring. Table 1
summarizes the patients, the different brain regions sampled and the experimental
labels that were used.

Table 1. Overview of the brain microdialysis samples under study.

Experiment Patient Infarct Core Penumbra (P) Contralateral

(Ic) (1))

Exp, Patient a ICa Pa

Expp Patient b ICy Py

Exp. Patient ¢ ICe CT.

Expgy Patient d 1C4 CTq

Expe Patient e Pe CTe

Epr Patient f Pf CT{

CSF samples

Ante- and post-mortem CSF collection and clinical data of deceased and living
patients have been reported previously (15). Briefly, control ante-mortem CSF samples
were collected by routine diagnostic lumbar puncture from living healthy patients. Post-

mortem CSF samples were collected by ventricular puncture at autopsy.
Blood samples

The blood samples of control and stroke patients were collected between October
2005 and January 2008 at the Geneva University Hospitals (HUG). During this period, all
patients exhibiting unambiguous symptoms and signs of an acute or sub-acute stroke,
who were hospitalized at the HUG, were enrolled in the study. Exclusion criteria were
defined as follows: (1) a stroke onset time superior to 3 days or occurring ofter a
previous stroke in the preceding 3 months; (2} extra-cerebral hemorrhage or trauma,
such SAH, subdural hematoma or fraumatic brain injury (TBl); (3) presence of other,
potentially confounding pathologies such as cancer, kidney or liver failure, myocardial

infarction, and psychiatric conditions. Each patient included in the study underwent a
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standardized protocol of clinical and neuroradiological assessments, and therapeutic
interventions that was supervised by trained neurologists from the Department of
Neurology of the HUG.

Controls were defined as patient's family relatives, as patients suffering from various
types of medical and surgical conditions or even from non-cerebrovascular
neurclogical conditions. They were required not to have a past or present history of
stroke, cerebrovascular, or thrombotic diseases.

Blood samples were collected according to Standard Operating Procedures (SOP)
described by the SOP Internal Working Group (16). Briefly, blood samples were drawn
into red top blood collection tubes [silica coated tubes, émlL, 13* 100mm, ref 348815, BD
vacutainers, Plymouth, UK) and kept at room temperature during 45 min to allow the
clot to form. No additive (anti-coagulant, protease inhibitor or preservative) was used.
Al the end of the clotting time, samples were centrifuged (1000 x g for 10 min at room
temperature) to discard the cell pelet. Immediately after, each serum sample was
adliguoted and stored at -80 °C until use. For the studies reported here, 14 controls and
14 stroke patients, age and gender matched were randomly setected among all the
participants collected. Table 2 summarizes the characteristics of the stroke patients and
controls.

Table 2. General characteristics of the studied population (blood samples).

Controls Stroke
n 14 14
Age (years)
Mean t standard deviation 69.3+14.5 69.5+15.6
Median (minimum-maximum) 72.5 (40-88) 72.0 (39-89)
Gender
Female n (%) 5(25.7) 5(25.7)
Male n (%) 9 (64.3) 9 (64.3)
Time onset of symptoms (min)
Mean % standard deviation 486.1 £ 542.8
Median {(minimum-maximum) 150 (90-1440)

The local ethical commitiees approved these studies, and written consent was

obtained from patients (or relatives) in accordance with the Helsinki declaration.
SDS PAGE

Ten uL of brain microdialysates was separated with one-dimensional (1-D) SDS
polyacrylamide gel electrophoresis (PAGE} on a home-made 15% Tris-glycine gel (8 x 7
x 0.1 cm). Twenty pL of ante- and post-mortem CSF samples {respective concentrations
of 172 and 359 pug 'mL-1 was determined with the Bradford assay {17)) were also loaded,

and taken as controls. Gels were stained with silver nitrate (18). The gel images were
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analyzed with the ImageQuant TL software {GE Healthcare). Signal of each iane was
in?egrofed and relatively quantified with respect to the other lane signals obtained on
the same gel.

Reduction, alkylation, digestion, and TMT labeling

Appropriate volumes of microdialysis samples were taken according to the 1-D PAGE
analyses, in order to compare equal protein amounts (i.e., weights) in each
quantitative experiment (i.e., Expa-f in Table 1). LACB was spiked in equal quantity in
each sample pairs at 1/50 of the expected protein amount (i.e., weight). The 6 x 2
samples were dried.

The samples were dissolved in 100 uL of TEAB 100 mM adjusted to pH = 8 with diluted
HCI. One plL of SDS 1% and 2 pl TCEP 50 mM were added to each tube. The reduction
was carried out at 60 °C for 1 h. Alkylation was performed {addition of 1 uL of IAA 400
mM) during 30 min in the dark. Ten plL trypsin 0.2 ug- ul-1 freshly prepared in the TEAB
solution was added. The digestion was carried out overnight at 37 °C.

TMT2 labeling was achieved for 1 h, after addition of 40.3 pL of TMT2 reagent in CH3CN
(i.e. 0.83 mg, 2.42 x 10-6 mol). The tags were used as described in Table 3.

Table 3. Overview of TMT? experiments.

Experiment Reporter Reporter 127.1 | LACB (reporter LACB (reporter
126.1 126.1)° 127.1)¢
Expa Pa ICs 0.58 £ 0.04 0421004
Expy ICy P, 0.45+0.07 0.56 +0.07
Expe CT, IC, 0.51+0.07 0.49+0.07
Expyq ICq CTyq 0.45+ 0.06 0.55 + 0.06
EXpe CTe Pe 0.54 + 0.04 0.46 £ 0.04
Expy Py CTy 0.47 £ 0.08 0.53 + 0.08

¢ Normalized mean abundance; the isotopic correction was done. These data were used for
subsequent normalization to reduce the manipulation bias.

The quantities of peptides to label varied from a microdialysate sample pair to another
because of the different available protein amounts. These quantities were estimated to
range from 1.5 to 27 pg according to the used microdialysate volumes and the
estimated concentrations determined with respect to ante-mortem CSF (see above).

Eight uL of hydroxylomine 5% was added for 15 min reaction. The differentially TMT2-
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labeled samples were pooled in a new tube. The pooled samples were dried. TMTé
experiments were carried out with the same protocol.

Off-gel electrophoresis

The samples were desalted with Oasis® HLB 1 cc (30 mg) extraction cariridges. After
drying, the samples were dissolved in 1616.4 pL H20 with 172.8 pL glycerol 50% and 10.8
HL of carrier ampholytes IPG buffer pH 3-10. The IPG strips (pH 3-10, 13 cm} were
assembled on the off-gel trays and rehydrated for 30 min with a solution of 89.8% H20,
9.6% glycerol 50%, and 0.6% ot carier ampholytes. The samples were loaded on the 12
off-gel wells. The isoelectric focusing (IEF) separations were carried out using the 3100
OFFGEL Fractionator {Agilent Technologies) with a limiting current of 50 pA, and a limit
of 20 kV ‘h before holding the voltage to 500 V. The fractions were collected and their
pH was measured (744 pH Meter and Biotrode from Metrohm (Herisau, Switzerland)).
The fractions were dried, cleaned with Oasis® HLB 1 cc (10 mg) exiraction cartridges,
and dried again.

RP-LC MALDI TOF/TOF

Matrix-assisted laser desorption ionization (MALDI) tandem time-of-flight (TOF/TOF} MS
was performed on a 4800 Proteomics Analyzer from Applied Biosysiems (Foster City, CA,
USA). The off-gel fractions were first separated with reversed-phase liquid
chromatography (RP-LC) using an Alliance system from Waters equipped with a flow
splitter. A home-packed 5 um 200 A Magic C18 AQ 0.1 x 100 mm column was used. The
separation was run for 60 min using a gradient of H20O/CH3CN/TFA 97%/3%/0.1%
(solvent A) and H20O/CH3CN/TFA 5%/95%/0.1% (sclvent B). The gradient was run as
follows: 010 min 98% A and 2% B, then to 90% A and 10% B at 12 min, 50% A and 50% B
at 55 min, and 98% B at 60 min at a flow rate estimated to 400 nL-min-1. One minute

fractions were deposited onto the MALDI plates using a home-made LC-robot. The

matrix {a-cyano-4-hydroxycinnamic acid in H20/CH3CN/TFA 50%/50%/0.1% with 10 mM

NH4H2PO4) was then spotted onto the plates. All mass spectra were acquired in
positive-ionization mode with an m/z scan range of 800-4000 (1000 shoots with laser

intensity of 4000 a.u.). After selection of 20 most-intense precursors at the maximum,
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MS/MS experiments {1500 shoots with laser intensity of 4500 a.u.) were performed af
medium collision energy.

Protein identification and quantitation

Peak lists were generated using the 4000 Series Explorer software from Applied
Biosystems. For each sample, the mgf files resulting from the analysis of the 12 off-gel
fractions were combined and searched against UniProt-Swiss-Prot/TrTEMBL database
(12.6_04-Dec-2007, 5610855 protein entries) using Phenyx 2.6 (GeneBio, Geneva,
Switzerland). Homo sapiens taxonomy (23005 protein entries) (and separately Bos taurus
(17268 protein entiries) to search for the spiked LACB) was specified for database
searching. Variable amino acid modifications were oxidized methionine.

TMT2-labeled peptide amino terminus and TMT2-labeled lysine (+225.1558 Da) were set
as fixed modifications, as well as carbamidomethylation of cysteines. When using TMT6,
a mass increment of +229.1629 Da was specified for TMTé-labeled peptide amino
termini and TMTé-labeled lysines. Trybsin was selected as the enzyme, with one potential
missed cleavage, and the normal cleavage mode was used. Only one search round
was used with selection of "turbo” scoring. The peptide p value was 1 E-6 for alf runs.
The AC and peptide scores were set to control the peptide false peptide discovery rate
below 1% (the scores varied from 7.0 to 7.5). The parent ion tolerance was 1.1 ‘Da. Only
proteins matching two different peptide sequences were selected and extracted into
an excel file using the dedicated Phenyx export. Further filters were applied. Only
proteins identified with two different unique peptides were finally kept. When a mass
spectrum was attributed to several peptide sequences, all the maiched peptides were
removed.

The areas of the reporter-ions were extracted from the tandem mass spectra using the
analysis toc! of the 4000 Series Explorer software. Quantitation was carried out only with
peptides which were unique fo a protein; at least two peptides with different
sequences were needed to quantify a protein. The processing of the data was carried
out as already described (13). The processing included an isotopic correction and a

normgalization with the spiked LACB standord. For each peptide, the relative
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abundance of each reporter-ion was calculated as the rafic of the reporter-ion
abundance by the sum of all reporter-ion abundances. The protein ratios were then
calculated as the ratios of the arithmetic averages of their peptfide relative
abundances (corresponding to each reporter-ion channel), according to the Libra
module used in the Trans-Proteomic Pipeline. A final normalization step was performed
assuming that most peptides were in equal quantities in the compared samples; i.e.,
the common areas between the relative abundance frequency distributions of both
TMT2-labeled groups had 1o be maximal (shown in Figure 4}, The normalization
coefficients were obtained on the entire reporter-ion dataset (i.e., even when peptides
were not matched to ahy sequences).

Quantitative cut-off values were determined by comparison of identical microdialysis
samples analyzed with the protocol described previously. Basically, TMTé reagents were
used to tag identical samples of IC, P, and CT microdialysates. Because no difference
was expected between identical samples (e.g., the two IC samples), deviations from
1:1 rafio were considered as falsely positive. The relative abundances provided in each
TMT channel were mixed randomly. Ratios were then calculated between identical
samples, and geometrical means were obtained from clusters of 10 ratio data points.
These mean ratios were then used to evaluate the cut-off values at a given false
positive rate. The final cut-off values were averaged from the IC, P, and CT results.
Immunoblot analysis of pooled IC and CT microdialysates

One and a half ug of pooled IC (n = 3; ie. ICac) and 1.5 pg of pooled CT
microdialysates (n = 3; i.e., CTd-f) were separated with 1-D SDS PAGE. Twenty uL of
ante-mortem CSF, 10 pL of post-mortem CSF, and 31.25 ng of recombinant GSTP1 were
also separated. Separated proteins were electroblotted onto a nitrocellulose
membrane as described by Towbin et al. {19). Membranes were incubated 1 h with 5%
milk-PBS-Tween 0.05% for blocking. Immunodetection was performed with the anti-
human GSTP rabbit polyclonal antibody (MBL International Corp., Woburn, MA, USA)
diluted 1/2000 in 1% milk-PBS-Tween 0.05%. Affer'severol washing steps, appropriate

secondary antibody HRP (Dako, Glostrup, Denmark) was incubated 1 h at 1/2000. ECL
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plus Western Blotting detection system Kit (GE Healthcare) was used for detection. The
membrane was finally scanned with the Typhoon 9400 (GE Healthcare).

ELISA

S100B and PRDX1 were validated using commercial enzyme-linked immunosorbent
assay (ELISA) kits from Abnova Corp. (Taipei city, Taiwan) and Biovendor GmbH
(Heidelberg, Germany), respectively, according to manufacturer's recommendations.
Concerning GSTP1, as no commercial assay is currently available, a sandwich
immunoassay was developed in house and used as previously described (20, 21).
Statistical analyses and graphs were performed using GraphPad Prisrﬁ software {version

4.03, GraphPad software inc., San Diego, CA, USA).

Example 1: Microdialysis Analysis

Tandem mass tags (TMTs) (13, 14) were used herein to compare brain microdialysis
samples of ischemic siroke patients. TMTs comprise a set of isobaric labels. These
isobaric labels are synthesized with heavy and light isotopes to present the same total
mass but to provide reporter-ions at different masses after activation with collision-
induced dissociation and subsequent tandem mass spectrometry (MS/MS). The
reporter-ion abundances are used to perform relative quantitation of the peptides
labeled with different versions of the TMTs, and by extension determine relative protein

amounts,

Samples from the infarct core (IC), the penumbra (P), and the contralateral {CT) brain
regions of patients suffering a stroke were investigated. This proteomic study highlighted
43 proteins with increased amount in the IC with respect to the P and the CT
microdialysates. Twenty six brofeins were increased in the P compared to the CT
samples. As candidate markers, glutathione S-transferase P {GSTP1), peroxiredoxin-1
{PRDX1), and S100B were further assessed with immunoassays on microdialysis samples
and/or blood of stroke patients that finally confirmed their increased levels in stroke

cases.

The human brain microdialysates were sampled in pairs from 2 brain regions of six stroke
patients. Six quantitative MS/MS-based comparisons with TMT2, with reporter-ions at m/z

=126.1 and 127.1, were carried out in experiences Expa-f (Table 3).
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Concentration of IC, P and CT microdialysis samples

In Figure 1 are displayed brain microdialysates ICd, CTd, Pe, and CTe separated with 1-
D PAGE (1-D PAGE images of others samples are shown in Figure 5). The protein-
amounts in 10 pL of microdialysate were heterogeneous from sample to sample.
Determination of quantitative cut-offs for TMT-based experiments

The quantitative cut-offs That-reflected significant increase and decrease in protein
amount for the TMT2 experiments were evaluated experimentally (shown in Figure é).
TMTé were used to label two identical samples of IC, P, and CT microdialysates
following the same»protocol used for the TMT2 experiments that is detailed in the
Experimental Procedures (i.e., reduction, alkylation, digestion, differential TMTé labeling,
off-gel electrophoresis (22, 23), RP-LC MS/MS, identification, and quantitation). After
random mixing of the quantitative data, the rate of false positive at a given cut-off was
assessed. For instance, 1% of false positive was found at cut-off ratios of 1.68 and 0.59
(see Experimental Procedures, and shown in figure 6). Finally, 0.5 and 2.0 cut-off values
were chosen. These values actually corresponded to a larger interval with respect to
the experimentally evaluated cut-offs, decreasing further the risk to find false positives.
In addition, such differences could be assessed during validation with immunobloft.
Qualitative and quantitative MS analysis

Protein samples were reduced, alkylated, digested with trypsin, and the resulting
peptides were labeled with TMT2 as reported in Table 3. Off-gel electrophoresis was
performed. The 12 collected off-gel fractions were analyzed with RP-LC MALDI TOF/TOF
MS. The gquantitative workflow was previously characterized (13, 24). The quality control
of the quantitative data was evaluated with the spiked LACB protein standard (Table
3). The mean and maximum relative standard deviation of 12.1% and 17.0% (Expf)
correlated with the isobaric tagging technique performances (Table 3) (13).

From these proteomic analyses, 156 proteins were identified with 939 unique peptides.
More precisely, 108 proteins were identified in the IC, 137 in the P, and 134 in the CT

microdialysates.
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The six comparisons carried out with TMT2 showed 94 proteins, which were either
increased (ratios > 2.0: 53 proteins) or decreased (ratios < 0.5; 47 proteins) within the
compared sample pairs (Table 3). To summarize, 25 proteins were increased in IC with
respect to P samples, 24 proteins were increased in IC with respect to CT samples, and
26 proteins were increased in P with respect to CT samples (Tables 7-9). The entire lists of

regulated proteins between each brain region are provided in Tables 4-6.
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Several proteins such as S1008, glial fibrilary acidic protein (GFAP). and myelin basic

protein (MBP), have been already reported to be associated with stroke or other brain

pathologies (25-27). The S100B protein was actually identified in Explb but with only one

unique peptide (Phenyx peptide score of 11.67). Its IC/P ratio was 3.38. GSTP1, a protein

which was initially found increased in post-mortem CSF (15, 20}, exhibited an IC/P ratio

of 2.79 in Expa. Several peroxiredoxins were also increased in IC samples as reported in

Table 7.

Table 7: Increased ratios IC/P in microdialysis samples.

Protein description Ratio IC/P Ratio IC/P
(Exp.) (Expy)

Acyl-CoA-binding protein 1.95 2.67
Beta-2-microglobulin precursor 1.49 2.09
Coactosin-like protein 172 2.04
Complement C4-A precursor 2.50 1.10
Cystatin-B 2.68
Cysteine and glycine-rich protein 1 3.33 2.88
Fatty acid-binding protein, brain 2.65

Fibrinogen alpha chain precursor 297 0.61
Glutathione S-transferase P 279

Heterogeneous nuclear ribonucleoprotein G 235

Metallothionein-3 210 2.79
Myelin basic protein [[ISOFORM 3] 1.71 3.11
Neutrophil defensin 1 precursor 2.45
Paralemmin 3562

Peptidyl-proly! cis-trans isomerase A 245 1.60
Peroxiredoxin-2 272

Peroxiredoxin-6 218 2.16
Phosphatidylethanclamine-binding protein 1 2.06 1.60
Plasma retinol-binding protein precursor 2.83 163 .
Plasminogen precursor 227

Platelet basic protein precursor 2.51 0.85
Profilin-1 240 0.91
SH3 domain-binding glutamic acid-rich-like protein 217 1.92
Thioredoxin 217

Ubiquitin 2.09 1.50

Empty cases derive from the lack of the protein identification/quantitation in the studied sample.
The values reported in bold indicate increased ratios (i.e., superior to 2) for both patients (i.e.,

patient a and b).

Although it was not reported in the table because of ratio value below the cut-off,

PRDX1 was measured at a ratio of 1.93 in Expb. In the comparison of P and CT

microdialysis samples, PRDX1 and peroxiredoxin-6 (PRDXé) were respectively measured

with ratios of 1.24 and 1.69 in Expf.
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Table 8. Increased ratios IC/CT in microdialysis samples.

Protein description Ratio IC/CT Ratio IC/CT
(Expc) (Expq)

Acyl-CoA-binding protein 12.53

Apolipoprotein A-il precursor 2.28
Apolipoprotein A-{V precursor 3.79
Carbonic anhydrase 1 0.29 478
Carbonic anhydrase 2 3.18
Chitinase-3-like protein 1 precursor 2.44

Cafilin-1 2.00
Cystatin-B ' 2.10
Fibrinogen alpha chain precursor 0.46 2.33
Flavin reductase 2.22
Glial fibrillary acidic protein 413 0.37
Hemoglobin subunit alpha 3.21
Histone H1.2 2.97
Histone H1.5 2.03
Lysozyme C precursor 2.75
N(G),N(G)-dimethylarginine dimethylaminohydrolase 1 6.31

Neurofilament medium polypeptide 4,68

Neutrophit defensin 1 precursor 4.23
Peptidyl-proly! cis-trans isomerase A 8.25 1.69
Phosphatidylethanolamine-binding protein 1 4.88

Thymosin beta-10 416

Thymosin beta-4 2.39
Triosephosphate isomerase 3.50

Tropomyosin alpha-3 chain 2.04

Empty cases derive from the lack of the protein identification/quantitation in the studied sample.

Table 9. Increased ratios P/CT in microdialysis samples.

Protein description Ratio P/CT Ratio P/CT
(Exp.) (Expy)

Aquaporin-4 2.00
Coactosin-like protein 2.64
Cystatin-B 216 1.81
Cysteine and glycine-rich protein 1 458
Diazepam binding inhibitor, splice form 1c 2.21
Fibrinogen alpha chain precursor 2.98 1.05
Glial fibrillary acidic protein 0.31 2.33
Hydroxyacylglutathione hydrolase 264
Kininogen-1 precursor 3.97

Lysozyme C precursor 2.21

Metallothionein-2 6.02 4.73
Metallothionein-3 457
Myoglobin 3.09

N(G),N(G)-dimethylarginine dimethylaminohydrolase 1 2.21
Neurofilament medium polypeptide , 262
Peptidyl-prolyl cis-trans isomerase A 3.28
Phosphatidylethanolamine-binding protein 1 3.35
Plasminogen precursor 2.52

Platelet basic protein precursor 3.13

Profilin-1 3.81

Prothrombin precursor 264

SH3 domain-binding glutamic acid-rich-like protein 2.77
Spectrin beta chain, brain 1 2.25
Stathmin 2.15
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Ubiquitin carboxyl-terminal hydrolase isozyme L1 2.06
Ubiquitin 2.16 2.76

Empty cases derive from the lack of the protein identification/quantitation in the studied sample.
The values reported in bold indicate increased ratios (i.e., superior to 2) for both patients (i.e.,

patient e and f).

The proteins with ratio inferior to 0.5 are reported in Tables 10-12:

Table 10: Decreased ratios IC/P in microdialysis samples.

Ratio IC/P

Protein description Ratio IC/P
(Expa) (Expy)
Alpha-1-acid glycoprotein 1 precursor 0.48 047
Alpha-1-antitrypsin precursor 0.61 0.40
Alpha-1B-glycoprotein precursor 0.46
Carbonic anhydrase 1 0.45 1.60
Ceruloplasmin precursor 0.44
Fibrinogen beta chain precursor 0.46
Fibrinogen gamma chain precursor 0.41
Haptoglobin precursor 0.46 0.36
Hemoglobin subunit alpha 0.34 0.70
Hemoglobin subunit beta 0.37 0.80
Ig kappa chain C region 0.51 0.28
Keratin, type | cytoskeletal 10 0.72 0.39
Serotransferrin precursor 0.42 0.50
Serum albumin precursor 0.40 0.33

Empty cases derive from the lack of the protein identification/quantitation in the studied sample.
The values reported in bold indicate increased ratios (i.e., inferior to 0.5) for both patients (i.e.,

patients a and b).

Table 11: Decreased ratios IC/CT in microdialysis samples.

Protein description Ratio IC/CT Ratio IC/CT
(Expc) (Expa)
Alpha-1-antitrypsin precursor 0.49
Alpha-2-macroglobulin precursor 0.36
Beta-2-microglobulin precursor 0.80 0.44
Carbonic anhydrase 1 0.29 4.68
Chromogranin-A precursor 0.29
Complement C3 precursor 0.43
Cystatin-C precursor 0.62 0.03
Dermcidin precursor 0.85 0.35
Fibrinogen alpha chain precursor 0.46 2.33
Fibrinogen beta chain precursor 0.38
Glial fibrillary acidic protein 4.13 0.37
Haptoglobin precursor 0.83 0.14
Ig gamma-2 chain C region 0.18
Keratin, type | cytoskeletal 10 0.99 0.48
Keratin, type Il cytoskeletal 2 epidermal 0.97 0.43
Lambda-chain precursor 0.21
Myelin basic protein 0.30
Prostaglandin-H2 D-isomerase precursor 0.27 0.46
Putative uncharacterized protein 0.16
Serotransferrin precursor 1.47 0.42
Serum albumin precursor 1.17 0.38
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SNC73 protein | 0.30

Empty cases derive from the lack of the protein identification/quantitation in the studied sample.
The values reported in bold indicate increased ratios (i.e., inferior to 0.5) for both patients (i.e.,
patients ¢ and d).

Table 12: Decreased ratios P/CT in microdialysis samples.

Protein description Ratio P/CT Ratio P/CT
(Exp.) (Expy)

Alpha-1-antitrypsin 1.05 0.35
Alpha-1-acid glycoprotein 1 precursor 1.38 0.38
Alpha-2-macroglobulin precursor 0.68 0.36
Alpha-enolase 0.45

Apolipoprotein E precursor 0.30
Beta-2-microglobulin 0.92 0.25
Beta-Ala-His dipeptidase precursor 0.32

Ceruloplasmin precursor 0.45
Clusterin 0.49

Complement component 3 0.72 0.48
Complement factor B precursor 1.15 0.36
Cystatin-C precursor 0.17 0.38
Dermcidin precursor 0.34
Ectonucleotide pyrophosphatase/phosphodiesterase family 0.46

member 2 precursor

Glial fibrilary acidic protein 0.31 2.33
Haptoglobin precursor 0.45
Hemoglobin subunit alpha 0.11 0.55
Hemoglobin subunit beta 0.11 0.59
Ig gamma-2 chain C region 0.87 0.22
Insulin-like growth factor-binding protein 7 precursor 0.02

Kallikrein-6 precursor 0.41
Keratin, type Il cytoskeletal 2 epidermal . 1.08 0.33
Lambda-chain precursor 0.89 0.35
Neutrophil defensin 1 precursor 0.17

Pigment epithelium-derived factor precursor 0.15
Prostaglandin-H2 D-isomerase precursor 0.20 0.64
Putative uncharacterized protein DKFZp686115212 0.37
Serotransferrin precursor 0.91 0.36

Empty cases derive from the lack of the protein identification/quantitation in the studied sample.
The values reported in bold indicate increased ratios (i.e., inferior to 0.5) for both patients (i.e.,
patients e and f).

Example 2: Validation of candidate biomarkers

Immunoassay experiments were carried out to confirm the quantitative measurements
obtained with MS/MS. The choice of candidate biomarkers to be assessed was
essentially based on the availability of commercial and in-house developed
immunoassays.

GSTP1 protein (MW = 23 kDa) was probed with i‘mmunoblof analysis in pooled
microdialysates samples (n = 3) as illustrated in Figure 2. The increase in the IC

microdialysate with respect to the CT was undisputable, and corroborated the TMT-
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based discovery results as well as previous studies of post- and ante-mortem CSF (15,
20).

Second, ELISAs were performed for GSTP1, PRDX1, and S$100B on sera of control and
stroke patients (n = 28). The ELISA results are given in Figure 3 and summarized in Table

13.

Table 13. Result summary for GSTP1, PRDX1, and S100B levels in sera samples
quantified with ELISA.

Control (n = 14) Stroke (n = 14) o
GSTP1 (ug-L™)
Mean & standard deviation 169151 143.1+67.5 0.0002
Median (minimum-maximum) 15.7 (8.6-29.0) 119.0 (63.5-320.0)
PRDX1 (ng:L") “
Mean + standard deviation 7.3+127 145.7 £ 144.0 0.0001
Median (min-max) 0.0 (0.0-41.2) 81.9 (26.7-519.5)
S1008B (ug-L™)
Mean t standard deviation 75+10.0 789+ 113.1 0.0093
Median (minimum-maximum) 1.8 (0.0-28.7) 23.1 (0.0-369.2)

¢ Wilcoxon matched pairs test.

GSTP1 was found significantly elevated in the blood of stroke patients compared to
controls (p = 0.0002, Wilcoxon rmatched pairs test). The meaon ratio in blood between
stroke patients and éon’rrols was 8.47 (Table 13); i.e., three-fimes more than the ratio
IC/P found in brain microdialysis samples (Expa, Table 7). Among the peroxiredoxin
family, blood PRDX1 enabled to differentiate control from stroke patients at the p =
0.0001 level of significance. An increase of its levels of almost 20-times was observed in
the stroke population. In accordance with results previously described in the literature
(28, 29), the concentration measurements of blood S100B were significantly higher in

stroke patients than conirols {p = 0.0093).

Thus we disclose protein markers of stroke which we have illustrated by comparisons of
microdialysis samples from the IC, P, and CT of ischemic stroke patients. Human brain
microdialysates were analysed using an isobaric tagging technology coupled to

peptide isoelectric focusing fractionation, and RP-LC MS/MS andlysis. Increased levels
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of GSTP1, PRDX1 and S1008 in the IC microdialysates were further verified with

immunoblot on pooled microdialysis samples and/or ELISA on blood of control and

‘

stroke patients. Thus we have clearly established the utility and applicability of the

markers and methods presented herein.

Example 3: Protein amounts in microdialysis samples

Analyses with 1-D PAGE of the different microdialysis samples under study revealed
slightly different patterns as well as large variations in the total concentration of proteins
between samples (Figure 1 and Figure 5). These variations may possibly result from
recovery issues for instance through the microdialysis membrane in addition to the
biological variations and/or the severity of stroke. In a previous study of CT
microdialysate of stroke patients, the protein concentration in 18 samples was
determined to range from 0.083 to 0.395 g L-1 with a mean content of 0.21 £ 0.11 gL-1
(11). Smaller molecules such as glutamate, glycerol, lactate, and pyruvate were
measured in 50 patients over the same sampling period respectively at 3.9 £ 0.3 umol L-
1, 389 £ 1.2 pmolL-1, 20 * 0.1 mmoll-1, and 584 £ 3.3 pmoll-1 in the CT
microdialysates, whereas in the IC the median for the same molecules was respectively
196.5 pmol-L-1 (ranging from 126.0 to 453.0}, 600.5 umolLl-1 {ranging from 464.2 to
1187.1), 6.1 mmol -1 {ranging from 0.1 to 12.0), and 17.4 ymol L-1 (ranging from 4.2 {o
591.7) (30j. In brief, the protein concentration varied considerably from one sample o
another in the CT microdialysates, whereas the concentrations of small molecules were
vniform in the CT bul more heterogeneous in the IC. Thus, a large protein
concentration variation might be expected in the IC samples, as well as in the P
microdialysates. Protein concentration variations were confirmed here.

Because of the differences in the total protein concentration, equalization of the
samples was needed to carry out the quantitative proteomic study.

The samples to compare were equalized according to their protein amount (i.e.,
weight) before the quantitative analysis.

1-D PAGE images were used to compare the sample concentrations with densitometry
{see Experimental Procedures). According to this relative protein quantitation, equal
protein amounts between pairs to compare were taken for TMT2-based quantitative
assessment.

As a consequence, a further normalization was performed on the TMT2 quantitative
data. We hypothesized that most proteins, and therefore most peptides and reporter-
ion signals, should be equal among samples (shown in Figure 4). Accordingly, the

common areas between the frequency distribution of the pepfides relative abundance
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of both TMT2-labeled pairs had to be maximal. Besides, this processing was coherent

with the first normalization performed from 1-D PAGE images.

Example 4: Increased and decreased proteins

To the best of our knowledge. this is the most-extensive proteomic study of human brain
microdialysates, and the first one targeting brain ischemia (6). Through the study we
have obtained a quantitative map of human brain microdialysates, as a monitoring of
ECF in the brain of stroke patients. Depending on the brain region probed with
microdialysis, relevant protein markers of stroke were discovered.

Many of the found proteins were identified previously in CSF (13, 20, 31). More precisely,
several proteins with increéased amount within the compared pairs (Tables 7-9) were
previously identified in a comparative study of ante- and post-mortem CSF {13). This was
the case for instance for cystatin-B, GFAP, S100B, PRDX1, and peroxiredoxin-2 (PRDX2).
In that previous study, PRDX1 was increased with a ratio of 14.74 in post-mortem CSF
compared to ante-mortem CSF. The correlation of many of the quantitative results
between both studies not only validated the post-mortem CSF as a model of massive
brain injury, but also highlighted the value of the quantitative proteome map obtained
with the microdialysis samples.

In Tables 7-9. some proteins exhibited increased and decreased amounts. This was the
case for fibrinogen adlpha chain (FIBA), platelet basic protein, profilin-1, carbonic
anhydrase 1, and GFAP. With a molecular weight of 95 kDa, FIBA might have been
recovered inefficiently through the dialysis membrane. The variations could not be
directly explained for the other proteins, yet, for instance, GFAP (50 kDa) can dimerize
and oligomerize, as well as co-polymerize with other protein like vimentin, desmin, and
annexin {32). Its recovery might have then been altered. When the sample in the
methods of the invention is other than microdialysate, e.g. when the sample is CSF or
blood, such problem(s) are advantageously avoided since there is no molecular weight
cut-off when using such samples.

Ischemic stroke is caused by the disturbance of blood flow supplied to the brain.
Cerebral blood flow was shown to be decreased in penumbra, and even more in
infarct core (33}. Interestingly, most of the decreased proteins found in the IC vs. P, IC
vs. CT, and P vs. CT studies (Tables 10-12) were blood proteins (e.g., serum albumin,
serotransferrin, haptoglobin, hemoglobins), somehow reflecting the regional variation of

altered blood flow in these distinct brain areas.

Figure 7 displays the evolution of the protein levels that was observed in the MDs for
proteins reported in the Tables above. Most of these proteins were found to increase
from CT to P and from P to IC MDs. As shown in Figure 8, PRDX1 and PRDXé were found
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to increase from CT, P, and IC MDs. In most of the cases, the progression/elevation of
the protein levels from the CT to the IC, as displayed in Figures 7 and 8, reflects a direct
relationship with the severity of the cerebral damage. These results show a relevant

biological frend to reinforce the medically relevant aspects of the invention.

Example 5: Further Validation of Biomarkers

Several identified proteins were selected to demonstrate the validity of our discovery
approach, based on the availability of an alternative diagnostic tool (i.e., ELISA) and/or
a strong scienfific rationale for involvement in brain ischemia. S100B, a well-
documented biomarker of brain damage (34), is a calcium binding and growth-
regulaling secretory protein that is highly expressed in brain fissues (9). The
concentration of S100B has been assessed in many brain insults and dysfunctions. S100B
was increased in stroke (28, 29), SAH (35}, and TBI (36). S100B was previously measured
in the brain ECF of two patients with acute brain injury using the microdialysis technique
(37). The detection and increased level determination of S100B in one IC microdialysate
compared tc a P sample, as well as its vadlidation in the blood of stroke patients,
confirmed the findings reported here, and demonstrated the great value of the studied
samples.

GSTP1 protein is an enzyme that is able to inactivate many toxic, electrophiles and
organic peroxides (38). GSTP1 is one the three glutathione S-fransterases described in
the central nervous system (39). Several studies suggested its association with
Parkinson’s disease (40). High levels of GSTP1 were recently reported in CSF of late stage
patients suffering human African trypaniosomiasis (21}). The protein is known to be
associated with early brain cell death because it was found with increased
concentration in CSF of deceased patient compared to alive ones (20). High
correlation of the increase of GSTP1 in microdialysis and blood samples stressed the
relevance of the obtained quantitative proteome maps of the brain microdialysates of
stroke patients as a pertinent model for the discovery of brain markers. »
Peroxiredoxins are ubiquitous antioxidant enzymes involved in the degradation of
oxygen peroxide and other reactive oxygen species (41, 42). These thiol-specific
antioxidant proteins are also termed thioredoxin peroxidases. The family of
peroxiredoxins is composed of six distinct groups that can be classified in two
categories, the 1-Cys and 2-Cys peroxiredoxins, according to the number of cysteine
residues involved in the reduction process. Peroxiredoxin-6 {(PRDXé) is actually the sole
1-Cys member. In the brain, PRDX1 and PRDXé were shown to be primarily expressed in
astrocytes whereas PRDX2 was expressed exclusively in neurons (43, 44). PRDX2 was
significantly increased in the substantia nigra from Parkinson's disease patients (45), and

in the frontal cortex and cerebellum of patients with Down syndrome, Alzheimer's
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disease, and Pick’s disease (46). PRDX1 was demonstrated to be part of an adaptive
response to oxidative stress in brain endothelial cells and have protective effects at the
injured blood-brain barrier {47). Herein, the increased amounts and increased
concentrations of PRDX1 in respectively the microdialysates of the injured parts of the
brain, and the blood of stroke patients appeared therefore highly relevant for further
investigation in cerebrovascular diseases. Very interestingly, PRDX1 and GSTP1 are
implicated in similar redox protective mechanisms, and were evidenced to interact
together (48]. As well, GSTP1 was shown to reactivate oxidized PRDXé (49) through the
formation of a complex {50).

Malignant MCA infarction patients as those included in our study are severely impaired
patients that receive several treatments at the neurcintensive care units, such as
moderate hypothermia, that might modify the expression pattern of some of the
described proteins. Another limitation is that the recovery rates through the 100 kDa
microdialysis probes are unknown for most of the discovered proteins. It may
advantageously be possible to alleviate these limitations by choosing a sample which is
not collected through a molecular weight-limited route e.g. by using CSF or blood as
the sample.

In conclusion, the present study explored the brain microdialysates of stroke patients
through proteomic onalysis. Qualitative results offered an extensive proteome map of
microdialysates, and extracellular fluid from the human brain. Moreover, quantitative
comparisons of microdialysates of several areas of the human ischemic brain were
shown to provide a valuable source of biomarkers for cerebrovascular diseases. Several
of the increased protfeins were verified on blood samples of a small cohort of control
and stroke patients. The cormrelation between discovery and early validation data
demonstrated that many of the discovered proteins represent biomarkers for the
diagnosis and/or prognosis of stroke, as well as other acute brain damage related
disorders.

Example 6: Changes in protein levels associated with decreased cerebral blood flow

In vivo human brain extracellular fluids (ECF) of acute ischemic stroke patients were
investigated to assess the changes in protein levels associated to decreased cerebral
blood flow. Microdialysates (MDs) from the infarct core {IC), the penumbra (P), and the
unaffected contralateral (CT) brain regions of patients suffering an ischemic stroke
were compared using a shotgun proteomic approach based on isobaric tagging and
mass spectrometry (MS). Quantitative analysis showed 53 proteins with increased
amounts in the IC or P with respect to the CT samples. Glutathione S-transferase P
(GSTP1), peroxiredoxin-1 (PRDX1), and protein S100-B {S100B) were further assessed with
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ELISA on the blood of unrelated control and stroke patients (n = 28). Significant
increases of 8, 20, and 11-fold were found respectively. Taken together, these results
demonstrated clear differences in ECF protein levels between P and IC associated to
ischemic damages. In addition, the evaluation of PRDX1 highlighted the value of ECF as

an efficient source to further discover blood stroke markers.

Microdialysis sampling of stroke patients was approved by the local institutional ethical
committee. Malignant middle cerebral artery infraction patients were monitored with
high-cut-off (100 kDa) cerebral microdialysis catheters. Computed tomography scan
was used to confirm brain microdialysis catheter location. MDs were obtained hourly for
S days after perfusion with an artificial CSF solution. Proteomic analysis was performed
on brain MDs obtained during the first 24 h of brain monitoring. The 2-plex isobaric
Tandem Mass Tag (TMT) technology (Dayon et al 2008) was used to label trypsin-
digested extracts from two brain regions of six pafients suffering stroke (Figure 9).
Following the labeling, the pooled samples were first fractionated by off-gel
electrophoresis (OGE). The fractions were then analyzed by reversed-phase liquid
chromatography (RP-LC} and matrix-assisted laser desorption tandem time-of-flight
(MALDI TOF/TOF) MS (Figure 10}. The identification and quantitation of proteins were

assessed with stringent criteria using Phenyx search in the Swiss-Prot human database.

Immunobilot validation was caried out for GSTP1. Pooled IC and CT MDs [n = 3) were
separated with 1-D SDS PAGE (15%). Inmunodetection was performed with the anti-
human GSTP1 rabbit polycional antibody. S1008, GSTP1, and PRDX1 were further
validated with ELISA of blood of confrol and stroke patients {n =28). S100B and PRDX1
were validated using commercial ELISA kits. Concerning GSTP1, no commercial assay
being currently available, a sandwich home-made was developed_as previously
described in (Burgess et al 2006; Hainard et al 2009].

Microdialysis is a bioanalytical sampling tool to continuously monitor events occurring in
living tissues. It is based on probing ECF and allows collecting endogenous substances
from the extracellular space, which can diffuse through the semi-permeable
membrane at the tip of the microdialysis probe. Such a technique is quite appropriate
to search and follow biochemical markers in real-time in many organs. The proteomic
comparisons of human brain MDs showed significantly over-represented proteins (with
a ratio superior to 2) in the IC compared to the CT and P counterparts (Figure 10).
Proteins such as glial fibrillary acidic protein (GFAP) and S100B have already been
reported to be associated to brain damage and appeared to be increased in one or

several IC MDs. Figure 8 displays an example of the evolution of the protein levels that
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was observed in the MDs for 2 peroxiredoxin proteins. Many proteins were found to
increase from CT to P and from P to IC MDs.

Similarly, the increase in GSTP1 was validated with immunoblot experiments in pooled

MDs [n = 3) as illustrated in Figure 2.

The level of ST00B, GSTP1, and PRDX1 in serum was also measured by ELISA in the serum
of 14 stroke patients and 14 controls (Figure 3) demonstrating their utility as peripheral

markers of brain damage caused by reduced blood flow in ischaemic stroke.

The GSTP1 concentration was found significantly elevated in the blood of sfroke
patients compared to controls (p = 0.0002, Wilcoxon matched pairs test). The mean
ratio in blood between stroke patients and controls was 8.47. Blood PRDX1 level
enabled to . differentiate control from siroke patients at the p = 0.0001 level of
significance. An increase of its levels of almost 20-times was observed in the stroke
population. In accordance with previous results (Buttner et al 1997; Missler et al 1997),
the concentration measurements of blood S100B were significantly higher in sfroke
patients than controls (p = 0.00%93).

This example explored the brain MDs of stroke patients with proteomic analysis.
Qualitative results offered an extensive proteome map of microdialysates and ECF from
the human brain. Moreover, quantitative comparisons of MDs of the IC, P and CT parts
of the human brain were shown to provide a valuable source of biomarkers for
cerebrovascular diseases. Several of the increased proteins were verified on a small
cohort of control and stroke patients. The correlation between discovery and early
validation data demonsirated the industrial opplication of the invention for the

diagnosis and/or prognosis of stroke, as well as other brain damage related disorders.

Example 7: Selection of enlarged panel proteins

In vivo human brain extracellular fluids (ECF) of acute ischemic stroke patients were
previously investigated to assess the changes in protein levels associated to decreased
cerebral blocd flow as described herein. Microdialysates [MDs) from the infarct core
{IC}). the penumbra (P}, and the unaffected contralateral (CT) brain regions of patients
suffering an ischemic stroke (n = 6) were compared using o shotgun proteomic
approach based on isobaric tagging and mass spectrometry (MS). Quantitative
analysis showed 53 proteins with increased amounts in the IC or P with respect to the CT

samples. These results demonstrated clear differences in ECF protein levels between CT,
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P and IC associated to ischemic damage. Glutathione S-transferase P (GSTP1),
peroxiredoxin-1 (PRDX1), and protein S100-B (S100B} were further assessed with ELISA on
the blood of unrelated control (n = 14) and stroke (n = 14} patients. Significant increases
of 8 (p =0.0002), 20 {(p = 0.0001), and 11-fold (p = 0.0093) were found respectively. These
highlighted the value of ECF as an efficient source to further discover blood stroke

markers.

Whilst GSTP-1 and Peroxiredoxins 1 and 6 represent useful markers for management of
stroke, we wished to construct larger panels of proteins to further improve diagnostic
sensitivity and/or specificity and/or provide prognostic information. We therefore
undertook the verification and validation of the stroke biomarker candidates found

previously in MDs.

Following a comprehensive bioinformatic analysis of candidate proteins, three groups

of biomarkers were selected in descending priority order:

PANELA ID Description

Ne°1 ACBP_HUMAN Acyl-CoA-binding protein

N°2 CSRP1_HUMAN  Cysteine and glycine-rich protein 1
Phosphatidylethanolamine-binding

N°3 PEBP1_HUMAN )
protein 1
N(G).N(G)-dimethylarginine

N°4 DDAH1_HUMAN
dimethylaminohydrolase 1

N°§ MT3_HUMAN Metallothionein-3 (MT-3)

N°é CYTB_HUMAN Cystatin-B

PANEL B ID Description

N°1 PPIA_HUMAN Peptidyl-prolyl cis-trans isomerase A

N°2 NFM_HUMAN Neurofilament medium polypeptide

N°3 UBIQ_HUMAN Ubiquitin.

N°4 B2MG_HUMAN Beta-2-microglobulin precursor

N°§ CYTC_HUMAN Cystatin-C precursor (Cystatin-3)

. SH3 domain-binding glutamic acid-rich-
N°é SH3L1T_HUMAN
‘ like protein.

Ne7 TPIS_HUMAN Triosephosphate isomerase

N°g MBP_HUMAN Myelin basic protein (MBP)

N°9 MT2_HUMAN Metallothionein-2 (MT-2)
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PANELC ID Description

N°1 NFM_HUMAN Neurcofilament medium polypeptide

N°2 COTLI_HUMAN  Coactosin-like protein.

N°3 THY1T_HUMAN Thy-1 membrane glycoprotein precursor
N°4 PROFI_HUMAN  Profilin-1

N°5 TYB4_HUMAN Thymosin beta-4

N°6 MT1E_HUMAN Metallothionein-1E

N°7 FABPB_HUMAN Fatty acid-binding protein, brain (B-FABP)
N°g GFAP_HUMAN Glial fibrillary acidic protein (GFAP).

N°9 CAH2_HUMAN Carbonic anhydrase 2

N°10 CERU_HUMAN Ceruloplasmin precursor

NeT1 DCD_HUMAN Dermcidin precursor

N°12 DEFT_HUMAN Neutrophil defensin 1 precursor (HNP-1

Together, Panels A, B and C form an enlarged panel, referred to as enlarged
panel ABC.

Among the 53 biomarker candidates reported above, N(G):N{G}-dimethylarginine
dimethylaminohydrolase 1 (DDAH1_HUMAN), cystatin-B (CYTB_HUMAN]), acyl-CoA-
binding protein (ACBP_HUMAN)]), cysteine and glycine-rich protein 1 (CSRP1_HUMAN),
metallothionein-3 (MT3_HUMAN]}, and phosphatidylethanolamine-binding protein 1
(PEPB1_HUMAN]) {Panel A} have been prioritised.

Example 8: Selected Reaction Monitoring Mass Spectrometry Method for Measuring

Signature-Peptides of Stroke Biomarker Candidates

To provide further validation of the enlarged panel proteins single protein and multiplex
protein assays are developed using immunoassay (ELISA) and mass spectrometry
(MRM) methods.

This example demonstrates the rapid ability of MRM to develop a multiplex panel. In
this example we selected proteins from Panel A of example 7 to use in order to illustrate
the method. However, it is not intended that this method be limited to that specific
panel of biomarkers. This panel of biomarkers is being used as a convenient panel to
help understand how to carry out one advantageous mode of detection. The same

mode of detection can be used for any other group of markers disclosed herein, simply
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by following the method set out here but instead using the markers of a different panel

or group as disclosed.

Thus, this example shows the development and evaluation of a method based on
selected reaction monitoring (SRM) MS to detect selectively signature-peptides of the

prioritised stroke biomarker candidates of Panel A,

DESIGN OF THE METHOD

Design of an MRM method first requires selection of target peptides representative of
each marker protein (proteotypic peptides). The second step involves selection of
specific peptide fragments that will arise in collision-induced dissociation of the parent
peptide during tandem mass spectrometry. The difference in the mcss;fo~chorge {m/z)

ratio of the parent and daughter ions are known as transitions.

An in silico approach was used to select proteotypic tryptic signature-peptides
representative of each stroke biomarker candidate. A total of 7, 4, 7, 3, 3 and 6
proteotypic signoturé—peptides were selected for DDAHI, CYTB, ACBP (3 isoforms),
CSRP1, MT3 and PEPB1 respectively.

The signature-peptide selection was based on i) uniqueness of the peptide sequence
in the human protein database (UniProt Swiss-Prot) determined with the home-made
Proteotype soffwore, i) m/z value of the peptide precursor-ion for relevant MS
detection, and iii) absence of cysteine and methionine residues in the sequence when
possible (Table 14 below).
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To qid the selection of the most appropriate transitions for each peptide, previous
empirical observations of the peptides in a public repository of tandem mass spectra
(the Pepftide Allas [hitp://www.peplideatlas.org/]) and/or during the preceding
discovery exercise (described above) were reviewed. ‘

As a preferred but not limiting method an intelligent SRM (iSRM) method was set up
consisting of a combination of so-called primary and secondary transitions. In such an
approach, when all primary transitions relative 10 a given peptide are detected above
a defined threshold, secondary transitions are then triggered to help confirming the
identity of the targeted molecule. Here, the approach aimed to reduce the number of
transitions to be continuously monitored in the assay and evaluate the peptide
detection level in a particular matrix.Two primary and 6 secondary fransitions were

selected as reported in Table 15,
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When no data was available, prediction from SRM Atlas or Pinpoint software (Thermo
Scientific) was used to choose the transitions. In that case, 4 primary and 4 secondary
transitions were selected as reported in Table 15. The S-lens parameters for each
precursor-ion were set-up according to m/z values and previous experimental data.
Collision energies were determined by Pinpoint using a pre-defined calculation. The
chosen cycle time was 1.6 s to monitor 80 primary transitions. A total of 240 transitions
were used to monitor the 30 signature-peptides. The scan time of the triggered
transitions was 0.2 s. A TSQ Vantage mass spectrometer {Thermo Scientific) was used
using Q1 peak width (FWHM) of 0.7 and argon pressure in the coliision cell of 1.2 mTorr.
Positive ionisation was used. Capillary temperature, vaporizer, sheath gas and auxiliary
gas were optimized for maximal ion sensitivities.

A reversed-phase liquid chromatography {RP-LC) separation was implemented before
MS. Peptide separation occurred on a 50 X 1 mm column at 100 pL/min with a 13.25 min
gradient of 30% CH3sCN. A Finnigan Surveyor MS Pump Plus LC system (Thermo Scientific)
was used.

TESTING OF THE METHOD

To demonstrate the presence of the target proleins in @ more readily accessible
sample, the developed MRM method was evaluated on human plasma sample
digested with trypsin. Briefly, a volume of 30 ulL plasma (Dade Behring) was added to
1680 pL triethylammonium hydrogen carbonate buffer {TEAB) 100 mM and 90 pL sodium
dodecyl sulfate 1%. Reduction was performed at 55 °C for 1 h with tris(2-carboxyethyl)
phosphine hydrochloride 20 mM (95.4 uL). A volume of 90 uL iodoacetamide 150 mM
was then added for 1 h reaction in the dark at room temperature. A volume of 180 uL
frypsin {Promega) 0.4 yg/ pL in TEAB was added. Digestion was performed overnight at
37 °C. Sample purification was first performed with Hypersep C18 500 mg (Thermo
Scientific). Strong cation-exchange cartridges were used for further purification. The
sample was divided info three aliquots. Aliquots were re-suspended in 500 pL 3% CH3CN,
0.2% formic acid, 0.2 mg/mL glucagon before RP-LC SRM onclyﬁis. Twenty uL were used

per RP-LC iSRM analysis. Data analysis was carried out using Pinpoint.
Figures 11 to 16 show chromatograms of the iSRM signals of transitions for signature-
peptides DENATLDGGDVLFTGR, TPEEYPESAK, SQVVAGINYFIK, GYGYGQGAGTLSTDK,

GLESTTLADK and LYEQLSGK representative of proteins DDAH1, CYTB, CSRP1 and PEBPI.

Thus it is demonstrated that the SRM method developed herein dllows for the

monitoring of 30 signature-peptides representative of 6 stroke biomarker candidates.
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Proof-of-principle of the method applicability was demonstrated in a plasma sample

digested with trypsin. The method could be applied to several sample matrixes.

The demonstrations in this example were carried out using the markers of Panel A. As
noted above, this is illustrative of this mode of detectfion. This mode of detection may
be applied equally to any other of the markers or groups of markers disclosed in this
document. To work the invention using those other marker(s) according to this mode of
detection, the skilled worker simply follows the guidance given above but substitutes

their selected cther marker(s) for those of Panel A.
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All publications mentioned in the above specification are herein incorporated by
reference. Various modifications and variations of the described aspects and
embodiments of the present invention will be apparent to those skilled in the art without
departing from the scope of the present invention. Although the present invention has
been described in connection with specific preferred embodiments, it should be
understood that the invention as claimed should not be unduly limited to such specific
embodiments. Indeed, various modifications of the described modes for carying out
the invention which are apparent to those skilled in the art are intended to be within

the scope of the following claims.
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CLAIMS
1. A method of aiding the diagnosis of stroke in a subject, said method comprising
{H assaying the concentration of at least one oxidative stress polypeptide selected

from the group consisting of: PRDX1 in a sampie from said subject; and

{iiy agsaying the concentration of at least one further polypeptide selected from
Fanet A;

{1 comparing the concentrations of (i) and (i) to the concenirations of the
polypeptides in a reference standard and delermining quantitative ratios for said
polvpeptides;

{iv} wherein a finding of a quantitative ratio of each of the assayed polypeplides in
the sample 1o the polypeptides in the reference standard of greater than 1.3 indicales
an increased lkelihood of stroke having occurred in said subject.

2. A method according to claim 1 wherein the method further comprises assaying
the concentration of at least one further polypeptide sslected from Panel B,

3. A method according to claim 1 wherein the method further comprises assaying

the concentration of at least one further polypeptide selecied from Panel C.

4, A method according o claim 1 wherein the method further comprises assaying
the concentration of at least one further polypeptide sslected from Panel 1.

5. A method according o claim 1 wherein the method further comprises assaying

the concentration of at least one further polypeptide selecled from Pansl 1H.

8. A method according to claim 1 wherein the method further comprises assaying

the concentration of at least one further polypeptide selected from Panel 1C.

7. A method according o claim 1 wherein the method further comprises assaying
the concentration of at least one further polypeptide selected from Panel 1A,

8. A method according o claim 1 wherein the method further comprises assaying

the concentration of at least one further polypeptide selecied from Pansl 1B,
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g. A method according to claim 1 wherein the method further comprises assaving

the concentration of at lsast one further polypeptide selected from Panel 2.

10. A method according o claim 1 wherein the method further comprises assaying
the concentration of at least one further polypeptide selected from Panel 2A.

11. A mesthod according to claim 1 whersin the method further comprises assaying

the concentration of at least one further polypeptide selecied from Pansl 2B.

12, A method according 1o any of claims 1 o 11 wherein the method further
comprises assaying the concentration of at least two further polypeplides selected
from said Panel.

13. A method according to claim 12 wherein the method further comprises
assaying the concentration of at lsast four further polypeptides selected from said
Fansl.

14, A method according fo any of claims 1 1o 13 wherein the sample is brain
microdialysate fluid, cersbrospinal fluid, or blood.

i5. A method according to claim 14 wherein the sample is blood.

16. A method according to any of claims 1 {0 15 wherein the protein is detecled by
western blotting.

17. A method according to any of claims 1 to 15 wherein the prolein is delected by
bead suspension array or by planar array.

18. A method accerding to any of claims 1 {o 15 wherein the protein is detected by
isobaric protein tagging or by isotopic protein tagging.

18. A method according to any of claims 1 1o 15 or claim 18 wherein the protein is
detected by mass spectromster-based assay.
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20, Use for diagnostic applications relating o stroke of a malerial which
recognises, binds to or has affinity for a first and a sscond polypeptide or a fragment,
variant or mutant thereof, wherein the first polypeptide s PRDX1 and the second
polypeplides is selecied from Panel Al

21. Use according fo claim 20 of a combination of materials, each of which
respectively recognises, binds 1o or has affinity for one or more of said polypeplide(s},

or a fragment, variant or mutant thereof.

22. Use according to any of claims 20 or 21, in which the or each malerial is an

antibody or antibody chip.

23. Use according fo claim 20, in which the material is an antibody with specificity
for one or more of said polypeptide(s), or a fragment, variant or mutant thersol.

24, A kit when used in the diagnosis of stroke, comprising an assay device which
comprises a solid substrate having a location conlaining a material, which recognizes,
binds o or has affinity for a first and a second polypeptide or a fragment, variant or
muiant thereof, wherein the first polypeptide is PRDXT and the second polypeplide is
selected from Panel A, and means for detecting the amount of one or morg of the

polypeptides in a sample of body fluid taken from a subject
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