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(57) ABSTRACT 

The application relates to markers for seizures and epilepsy. 
Polypeptide expression panels or arrays are provided, com 
prising one or more probes capable of binding specific 
polypeptides in blood plasma or blood serum of a mammalian 
Subject. Also provided are methods for detecting seizure, 
methods for predicting seizure, use of sICAM-5 in the treat 
ment of seizure, methods for assessing the effectiveness of a 
treatment of seizure, and diagnostic kits. 
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BOMARKERS FOR SEZURES 

BACKGROUND OF THE INVENTION 

0001 Epilepsy is presently characterized by at least two 
unprovoked seizures, although other definitions are evolving. 
It is currently estimated to affect 50 million people worldwide 
with 200,000 new cases diagnosed ever year in the United 
States alone. Current methods for diagnosing epilepsy are 
laborious and inaccurate. Differential diagnosis for epilepsy 
typically involves a neurological exam, patient history, neural 
imaging and electroencephalography (EEG). While EEGs are 
considered the most useful test in confirming a diagnosis of 
epilepsy, there are significant false positives from this test, 
and to a lesser extent, false negatives. Between 10% and 40% 
of people with epilepsy will have normal EEG results, even 
over several tests. The costs of the EEG may also not be 
understated, both in money and in time. No tests are available 
to determined imminent risk of seizure or risk of recurrence. 

SUMMARY OF THE INVENTION 

0002 This application is directed toward a blood test for 
epilepsy diagnosis. The application provides individual and 
panels/arrays of biomarkers indicative of seizure or a ten 
dency to have seizure. In one embodiment, a polypeptide 
expression panel or array is provided comprising a probe 
capable of binding soluble ICAM-5 (i.e., sICAM-5 or 
sICAM5) in blood plasma or blood serum of a mammalian 
Subject, wherein a decreased plasma or serum concentration 
of sICAM-5 relative to a healthy control is indicative of 
seizure or a tendency to have seizure. Further panels comprise 
probes capable of binding TARC and/or IL-2, IL-6, IL-8, 
IL-1B. IFN-Y, and in combination with sICAM-5. Still further 
panels comprise probes capable of binding IL-10, IL-12 p70, 
Fas, Fas-ligand, MCP-1, MDC, MIP-1 B, GM-CSF, MCP-4, 
IL-10, BDNF, Eotaxin, Eotaxin-3, and/or TNF-C., and in 
combination with sICAM-5 and/or TARC. 

0003. Also provided are methods for detecting seizure, 
methods for assessing the effectiveness of a treatment of 
seizure, a tendency to have seizure, or treatment of an under 
lying disorder resulting in seizure, and diagnostic kits. 
0004. Other aspects and advantages of the present inven 
tion are described further in the following detailed description 
of the preferred embodiments thereof. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0005 FIG. 1 is a model for inflammation and epilepsy. 
0006 FIG. 2 is a chart summarizing the assay of sICAM5 
in plasma from epilepsy and control patients. FIG. 2a is a 
dot-plot of sICAM5 concentrations in plasma ((), controls: 

patients). The dotted line is the cut-line that best discrimi 
nates between patients and controls. FIG.2b is a bar graph 
and error calculation for data in FIG. 2a. Difference is sig 
nificant for p=0.003. FIG.2c is a ROC curve for data in FIG. 
2a, showing an area under the curve (AUC) value of 0.803. 
0007 FIG. 3 is a chart summarizing the assay of TARC in 
plasma from epilepsy and control patients. FIG. 3a is a dot 
plot of TARC concentrations in plasma (Q. controls; ), 
patients). The dotted line is the cut-line that best discriminates 
between patients and controls. FIG.3b is a bar graph and error 
calculation for data in FIG.3a. Difference is significant for 
p=0.035. FIG.3c is a ROC curve for data in FIG.3a, showing 
an area under the curve (AUC) value of 0.759. 
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0008 FIG. 4 is a chart summarizing the assay of TARC/ 
sICAM5 ratio in plasma from epilepsy and control patients. 
FIG. 4a is a dot-plot of TARC/sICAM5 concentration ratio in 
plasma (Q. controls; ), patients). The dotted line is the 
cut-line that best discriminates between patients and controls. 
FIG. 4b is a bargraph and error calculation for data in FIG.4a. 
Difference is 17.1 fold, and is significant for p=0.025. FIG. 4c 
is a ROC curve for data in FIG. 4a, showing an area under the 
curve (AUC) value of 1.00. 
0009 FIG. 5 is a chart summarizing an assay of IL-6 in 
plasma from epilepsy and control patients. FIG. 5a is a dot 
plot of IL-6 concentrations in plasma (Q. controls; ), 
patients). The dotted line is the cut-line that best discriminates 
between patients and controls. FIG.5b is a bargraph and error 
calculation for data in FIG.5a. Difference is 2.8-fold, and is 
significant for p=0.012. FIG. 5c is a ROC curve for data in 
FIG. 5a, showing an area under the curve (AUC) value of 
O.821. 
0010 FIG. 6 is a chart summarizing an assay of IL-6/ 
sICAM5 ratio in plasma from epilepsy and control patients. 
FIG. 6a is a dot-plot of IL-6/sICAM5 concentration ratio in 
plasma (Q. controls; ), patients). The dotted line is the 
cut-line that best discriminates between patients and controls. 
FIG. 6b is a bargraph and error calculation for data in FIG. 6a. 
Difference is 9.9 fold, and is significant for p=0.05. FIG. 6c is 
a ROC curve for data in FIG. 6a, showing an area under the 
curve (AUC) value of 0.90. 
0011 FIG. 7 is a chart summarizing an assay of IL-8 in 
plasma from epilepsy and control patients. FIG. 7a is a dot 
plot of IL-8 concentrations in plasma (Q. controls; ), 
patients). The dotted line is the cut-line that best discriminates 
between patients and controls. FIG.7b is a bargraph and error 
calculation for data in FIG. 7a. Difference is 1.4-fold, and 
significant for p=0.002. FIG. 7c is a ROC curve for data in 
FIG. 7a, showing an area under the curve (AUC) value of 
0.715. 

0012 FIG. 8 is a chart summarizing an assay of IL-8/ 
sICAM5 ratio in plasma from epilepsy and control patients. 
FIG. 8a is a dot-plot of IL-8/sICAM5 concentration ratio in 
plasma (Q. controls; ), patients). The dotted line is the 
cut-line that best discriminates between patients and controls. 
FIG. 8b is a bargraph and error calculation for data in FIG.8a. 
Difference is 6.5-fold, and is significant for p=0.017. FIG. 8c 
is a ROC curve for data in FIG. 8a, showing an area under the 
curve (AUC) value of 0.88. 
0013 FIG. 9 is a chart summarizing an assay of IL-1B in 
plasma from epilepsy and control patients. FIG. 9a is a dot 
plot of IL-1? concentrations in plasma (Q. controls; ), 
patients). The dotted line is the cut-line that best discriminates 
between patients and controls. FIG.9bis a bargraph and error 
calculation for data in FIG. 9a. Difference is significant for 
p=0.003. FIG.9c is a ROC curve for data in FIG. 9a, showing 
an area under the curve (AUC) value of 0.803. 
0014 FIG. 10 is a chart summarizing an assay of IL-2 in 
plasma from epilepsy and control patients. FIG. 10a is a 
dot-plot of IL-2 concentrations in plasma (Q. controls; ), 
patients). The dotted line is the cut-line that best discriminates 
between patients and controls. FIG. 10b is a bar graph and 
error calculation for data in FIG.10a. Difference is significant 
for p=0.003. FIG. 10c is a ROC curve for data in FIG. 10a, 
showing an area under the curve (AUC) value of 0.788. 
0015 FIG. 11 is a chart summarizing an assay of IFN-Y in 
plasma from epilepsy and control patients. FIG. 11a is a 
dot-plot of IFN-Y concentrations in plasma ((), controls; D, 
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patients). The dotted line is the cut-line that best discriminates 
between patients and controls. FIG. 11b is a bar graph and 
error calculation for data in FIG.11a. Difference is 2.4-fold, 
and significant for p=0.01. FIG. 11c is a ROC curve for data 
in FIG.11a, showing an area under the curve (AUC) value of 
O.701 
0016 FIG. 12 is a chart summarizing an assay of GM-CSF 
in plasma from epilepsy and control patients. FIG. 12a is a 
dot-plot of GM-CSF concentrations in plasma ((), controls: 

patients). The dotted line is the cut-line that best discrimi 
nates between patients and controls. FIG.12b is a bar graph 
and error calculation for data in FIG.12a. Difference is 1.2- 
fold, and significant for p=0.297. FIG. 12c is a ROC curve for 
data in FIG. 12a, showing an area under the curve (AUC) 
value of 0.554. 
0017 FIG. 13 is a chart summarizing an assay of BDNF in 
plasma from epilepsy and control patients. FIG. 13a is a 
dot-plot of BDNF concentrations in plasma ((), controls; D, 
patients). The dotted line is the cut-line that best discriminates 
between patients and controls. FIG. 13b is a bar graph and 
error calculation for data in FIG. 13.a. Difference is 1.1-fold, 
and significant for p=0.383. FIG. 13c is a ROC curve for data 
in FIG.13a, showing an area under the curve (AUC) value of 
0.527. 

DETAILED DESCRIPTION OF THE INVENTION 

0.018. In many epilepsies, an immune response is gener 
ated within the region of seizure onset. In several distinct 
tissue lesion types such as tuberous sclerosis (TSC) and 
mesial temporal sclerosis (MTS), pro-inflammatory cytok 
ines such as IL-1, IL-6, TNF-C. Fas, and Fas-ligandare acti 
vated. In addition, there is complement fixation and deposi 
tion, altered blood-brain barrier permeability, and 
macrophage infiltration. Inflammation may generate a wide 
variety of downstream effects including upregulation of 
IL-1B production, activation of TLR4, NFKB, mTOR, and 
MAPK cascades, attraction of activatedlymphocytes, micro 
glia, and macrophages, and alteration of astrocyte physiol 
ogy. Without being bound by theory, these changes may be a 
result of a disease process leading to seizures, caused by 
seizures, and/or be the result of seizures (See FIG. 1). The 
present application addresses a need in the art for markers 
associated with seizures. 
0019. As used herein, the abbreviations A1AT and 
“O1 AT” refer to alpha 1-antitrypsin, also known as serpin 
peptidase inhibitor, clade A (alpha-1 antiproteinase, antit 
rypsin), member 1. 
0020. The terms “comprising and “including are used 
interchangeably, unless otherwise noted. 
0021. The term “cryptogenic’ is used herein to refer to a 
seizure or epilepsy of unknown origin. 
0022. The terms “disease”, “disorder, or “condition' are 
used herein to refer to any manifestations, symptoms, or 
combination of manifestations or symptoms, recognized or 
diagnosed as leading to, causing, or influencing seizure. The 
terms include, but are not limited to, traumas, inflammatory 
and autoimmune responses, physiological malformations, 
and genetic defects. 
0023 The abbreviation “GM-CSF refers to granulocyte 
macrophage colony-stimulating factor. 
0024. The abbreviation “HGF refers to hepatocyte 
growth factor. 
0025. The abbreviation “ICAM-1 refers to intercellular 
adhesion molecule 1. The term “ictal refers to a physiologic 
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state or event such as a seizure. The term “indicative' (or 
“indicative of) encompasses both prediction (including ten 
dency), and detection (proximate to the occurrence of a sei 
Zure), and unless otherwise noted, embodiments encompass 
ing the term are intended to define and encompass 
embodiments specific to prediction, specific to detection, and 
for prediction as well as for detection of a past or current 
event. Use of the term indicative in conjunction with the term 
“tendency” is intended solely for emphasis of evidence of a 
past event versus a tendency toward a future event, but the use 
solely of indicative is intended to encompass tendency unless 
otherwise indicated. 

0026. The abbreviation “BDNF refers to brain-derived 
neurotrophic factor. 
(0027. The abbreviation “MCP-1” refers to monocyte 
chemotactic protein-1, also known as chemokine (C-C motif) 
ligand 2 (CCL2), or variants thereof. 
(0028. The abbreviation “MDC” refers to macrophage 
derived cytokine, also known as C-C motif chemokine 22 
(CCL-22), or variants thereof. 
(0029. The abbreviation “MIP-1 B” refers to macrophage 
inflammatory protein-1B, also known as chemokine C-C 
motif ligand 4 (CCL-4), or variants thereof. 
0030. The abbreviation “IP-10 refers to interferon 
gamma-induced protein 10, small-inducible cytokine B 10. 
C-X-C motif chemokine 10 (CXCL 10), or variants thereof. 
0031 Eotaxin, also known as eotaxin-1, refers to chemok 
ine (C-C motif) ligand 11 (CCL11), or variants thereof. 
0032 Eotaxin-3 refers to chemokine (C-C motif) ligand 
26 (CCL26), or variants thereof. 
0033. The term “sample” is used herein to refer to a blood 
plasma or blood serum sample, unless otherwise noted. In 
each embodiment described herein, the use of blood plasma is 
contemplated as an independent embodiment from the alter 
native of blood plasma or blood serum. In each embodiment 
described herein, the use of blood serum is contemplated as 
an independent embodiment from the alternative of blood 
plasma or blood serum. In each embodiment described 
herein, the use of another biological sample, including but not 
limited to cerebrospinal fluid (CSF) and a tissue sample 
obtained by resection, is contemplated according to conven 
tional techniques in the art for obtaining the sample and for 
analysis of same. The sample can be treated prior to use. Such 
as preparing plasma from blood, diluting viscous fluids, and 
the like. Methods of treatment can involve filtration, distilla 
tion, extraction, concentration, inactivation of interfering 
components, the addition of reagents, and the like. 
0034. The terms “seizure' and “epilepsy are used inter 
changeably, two unprovoked seizures being required for a 
clinical diagnosis of epilepsy, unless otherwise noted. The 
term epilepsy may also be defined by the understanding of, or 
theories of seizure as understood as of the filing of the appli 
cation. The terms “subject”, “individual’, and “patient” are 
used interchangeably hereinto refer to a mammal from which 
a sample is taken, unless otherwise noted. The terms are 
intended to encompass embodiments specific to humans. A 
subject, individual or patient may be afflicted with, at risk for, 
or Suspected of having a tendency to have seizure oradisorder 
for which seizure is symptomatic . The term also includes 
domestic animals bred for food or as pets, including horses, 
cows, sheep, pigs, cats, dogs, and Zoo animals. Typical Sub 
jects for treatment include persons Susceptible to, Suffering 
from or that have suffered one or more seizures. In particular, 
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suitable subjects for treatment in accordance with the inven 
tion are persons that are susceptible to or that have suffered 
one or more seizures. 
0035. The abbreviation “TARC refers to thymus and 
activation regulated chemokine, and is used interchangeably 
herein with chemokine (C-C motif) ligand 17 (CCU 7). 
0036. The terms “telencephalin’.“TLN”, “ICAM-5”, and 
“ICAMS are used interchangeably herein. 
0037. The term “tendency', e.g., “tendency to have sei 
Zure', is intended to refer to a reasonable medical probability 
of an event, e.g., seizure to occur or recur. The term also 
encompasses the frequency with which Such events may 
occur before, after, or during ongoing treatment. 
0038. As used herein, the term “treat” or “treating” refers 
to any method used to partially or completely alleviate, ame 
liorate, relieve, inhibit, prevent, delay onset of reduce sever 
ity of and/or reduce incidence of one or more symptoms or 
features of a particular condition, e.g., seizure or a seizure 
related disorder. Treatment may be administered to a subject 
who does not exhibit signs of a condition and/or exhibits only 
early signs of the condition for the purpose of decreasing the 
risk of developing pathology associated with the condition. 
Thus, depending on the state of the Subject, the term in some 
aspects of the invention may refer to preventing a condition, 
and includes preventing the onset, or preventing the Symp 
toms associated with a condition. The term also includes 
maintaining the condition and/or symptom Such that the con 
dition and/or symptom do not progress in severity. A treat 
ment may be either performed in an acute or chronic way. The 
term also refers to reducing the severity of a condition or 
symptoms associated with Such condition prior to affliction 
with the condition. Such prevention or reduction of the sever 
ity of a condition prior to affliction refers to administration of 
a therapy to a subject that is not at the time of administration 
afflicted with the condition. Preventing also includes prevent 
ing the recurrence of a condition, frequency thereof, or of one 
or more symptoms associated with Such condition. The terms 
“treatment and “therapeutically” refer to the act of treating, 
as “treating is defined above. The purpose of intervention is 
to combat the condition and includes the administration of 
therapy to prevent or delay the onset of the symptoms or 
complications, oralleviate the symptoms or complications, or 
eliminate the condition. For example, a treatment may be 
used to ameliorate symptoms or frequency thereof (e.g., fre 
quency of seizure) associated with a disorder. 
0039. The terms “tuberous sclerosis”, “tuberous sclerosis 
complex’, and the abbreviation/acronyms “TS and “TSC, 
are used interchangeably herein. 
0040. The abbreviation “VCAM-1 refers to vascular cell 
adhesion molecule 1. 

0041. The abbreviation “VEGF-A refers to vascular 
endothelial growth factor A. 
0042. In one embodiment, a polypeptide expression panel 
or array is provided, the panel or array comprising a probe 
capable of binding soluble ICAM-5 (sICAM-5) in blood 
plasma or blood serum of a mammalian Subject, wherein a 
decreased plasma or serum concentration of sICAM-5 rela 
tive to a healthy control is indicative of seizure or a tendency 
to have seizure. In another embodiment, a polypeptide 
expression panel or array is provided, the panel or array 
comprising a probe capable of binding TARC in blood plasma 
or blood serum of a mammalian Subject, wherein an increased 
plasma or serum concentration of TARC relative to a healthy 
control is indicative of seizure or a tendency to have seizure. 
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0043. Also provided is a polypeptide or array comprising 
a probe capable of binding sICAM-5 in blood plasma or blood 
serum and a probe capable of binding TARC in blood plasma 
or blood serum of a mammalian Subject, wherein a decreased 
plasma or serum concentration of sICAM-5 in combination 
with an increased plasma or serum concentration of TARC 
(relative to a healthy control) indicates seizure or a tendency 
to have seizure. In further embodiments, the increase of the 
ratio of sICAM-5/TARC in tested subjects relative to control 
(healthy, non-epileptic/non-seizure) is greater than 20, 
greater than 17, greater than 15, greater than 10, greater than 
5, or greater than 1. The ratio may also be 2, 3, 4, 5, 6, 7, 8, 9. 
10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, or fractional incre 
ments thereof, e.g. 1.4 and 1.5. In other embodiments, the 
ratio is 2 or more whole or fractional standard deviations 
above the mean for controls. 
0044) The above panels or arrays may also include one or 
more probes capable of binding one or more of IL-2, IL-6, 
IL-8, IL-1 (3, and IFN-y, wherein an increased plasma or 
serum concentration of one or more relative to a healthy 
control is indicative of seizure or a tendency to have seizure. 
0045. In still further embodiments, the polypeptide 
expression panel or arrays described above may further 
include one or more probes capable of binding IL-10, IL-12 
p70, Fas, Fas-ligand, MCP-1, MDC, MIP-1 B, GM-CSF, 
MCP-4, IP-10, BDNF, Eotaxin-3, Eotaxin, and TNF-C., 
wherein an altered plasma or serum concentration of one or 
more of IL-10, IL-12 p70, Fas, Fas-ligand, MCP-1, MDC, 
MIP-1 f3, GM-CSF, MCP-4, IP-10, BDNF, Eotaxin-3, 
Eotaxin, and TNF-C. (relative to a healthy individual) indi 
cates a tendency to have seizure. In further embodiments, the 
patient is a human. 
0046. In another embodiment, a method for predicting or 
detecting seizure is provided, comprising contacting a blood 
plasma or blood serum sample obtained from a mammalian 
Subject with a diagnostic reagent that can measure or detect 
the expression level of soluble ICAM-5 (sICAM-5) and con 
tacting a blood plasma or blood serum sample obtained from 
a mammalian Subject with a diagnostic reagent that can mea 
sure or detect the expression level of TARC, wherein a 
decreased plasma or serum concentration of sICAM-5 rela 
tive to a healthy control in combination with an increased 
plasma or serum concentration of TARC indicates a seizure 
having occurred or a tendency to have seizure. 
0047. The method may also include contacting the blood 
plasma or blood serum sample with one or more diagnostic 
reagents that can measure or detect the expression level of 
IL-2, IL-6, IL-8, IL-1B, and IFN-y, wherein altered plasma or 
serum concentration of one or more of IL-2, IL-6, IL-8, 
IL-1B, and IFN-Y relative to a healthy control indicates a 
tendency to have seizure. Still further the method may include 
contacting the blood plasma or blood serum sample with a 
diagnostic reagent that can measure or detect the expression 
level of one or more diagnostic reagents that can measure or 
detect the expression level of IL-10, IL-12 p70, Fas, Fas 
ligand, MCP-1, MDC, MIP-1B, GM-CSF, MCP-4, IP-10, 
BDNF, Eotaxin-3, Eotaxin, and TNF-C., wherein altered 
plasma or serum concentration of one or more of IL-10, IL-12 
p70, Fas, Fas-ligand, MCP-1, MDC, MIP-1 B, GM-CSF, 
MCP-4, IP-10, BDNF, Eotaxin-3, Eotaxin, and TNF-C. rela 
tive to a healthy control indicates a seizure having occurred or 
a tendency to have seizure. 
0048. In yet another embodiment, a method for assessing 
the effectiveness of a treatment of seizure or a disorder for 



US 2013/0331329 A1 

which seizure is symptomatic is provided, the method includ 
ing contacting a first blood plasma or blood serum sample 
obtained from a mammalian Subject prior to treatment with 
one or more diagnostic reagents that can measure or detect the 
expression level of soluble ICAM-5 (sICAM-5) and/or 
TARC, and contacting a second blood plasma or blood serum 
sample obtained from a mammalian Subject Subsequent to 
treatment with a diagnostic reagent that can measure or detect 
the expression level of soluble ICAM-5 (sICAM-5) and/or 
TARC, wherein an increased plasma or serum concentration 
of sICAM-5 and/or a decreased level of TARC in the second 
blood plasma or blood serum sample relative to the first blood 
plasma or blood serum sample indicates effectiveness in 
treatment of seizure or a disorder for which seizure is symp 
tomatic. The method may further include contacting the first 
blood plasma or blood serum sample and the second blood 
plasma or blood serum sample with one or more diagnostic 
reagents that can measure or detect the expression level of 
IL-6, IL-8, IL-2, IL-1B. IFN-y, IL-10, IL-12 p70, Fas, Fas 
ligand, MCP-1, MDC, MIP-1 B, GM-CSF, MCP-4, IP-10, 
BDNF, Eotaxin-3, Eotaxin, and TNF-C., wherein an altered 
concentration of IL-6, IL-8, IL-2, IL-1B. IFN-Y, IL-10, IL-12 
p70, Fas, Fas-ligand, MCP-1, MDC, MIP-1 B, GM-CSF, 
MCP-4, IP-10, BDNF, Eotaxin-3, Eotaxin, and TNF-C. in the 
second blood plasma or blood serum sample relative to the 
first blood plasma or blood serum sample indicates effective 
ness in treatment of seizure or a disorder for which seizure is 
symptomatic. 
0049. In still further embodiments, a method for determin 
ing the whether or not one or more seizures are resultant from 
inflammation, comprising contacting a blood plasma or blood 
serum sample obtained from a mammalian Subject with a 
diagnostic reagent that can measure or detect the expression 
level of soluble ICAM-5 (sICAM-5) and/or contacting a 
blood plasma or blood serum sample obtained from a mam 
malian Subject with a diagnostic reagent that can measure or 
detect the expression level of TARC, wherein a decreased 
plasma or serum concentration of sICAM-5 relative to a 
healthy control and/or an increased plasma or serum concen 
tration of TARC indicates an inflammatory basis or compo 
nent of seizure. The method may further include contacting 
the blood plasma or blood serum sample with one or more 
diagnostic reagents that can measure or detect the expression 
level of IL-6, IL-8, IL-2, IL-1B, IFNY, IL-10, IL-12 p70, Fas, 
Fas-ligand, MCP-1, MDC, MIP-1B, GM-CSF, MCP-4, 
IP-10, BDNF, Eotaxin-3, Eotaxin, and TNF-C., wherein an 
altered concentration of IL-6, IL-8, IL-2, IL-1B. IFN-y, IL-10, 
IL-12 p70, Fas, Fas-ligand, MCP-1, MDC, MIP-1 B, GM 
CSF, MCP-4, IP-10, BDNF, Eotaxin-3, Eotaxin, and TNF-C. 
in the blood plasma or blood serum sample indicates an 
inflammatory basis or component of seizure. 
0050. In yet other embodiments, a method for determining 
the whether or not seizure is likely to occur in a subject is 
provided, comprising contacting a blood plasma or blood 
serum sample obtained from a mammalian Subject with a 
diagnostic reagent that can measure or detect the expression 
level of soluble ICAM-5 (sICAM-5) and/or contacting a 
blood plasma or blood serum sample obtained from a mam 
malian Subject with a diagnostic reagent that can measure or 
detect the expression level of TARC, wherein a decreased 
plasma or serum concentration of sICAM-5 relative to a 
healthy control and/or an increased plasma or serum concen 
tration of TARC indicates a tendency to have seizure. The 
method may further include contacting the blood plasma or 
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blood serum sample with one or more diagnostic reagents that 
can measure or detect the expression level of IL-6, IL-8, IL-2, 
IL-1B. IFN-y, IL-10, IL-12 p70, Fas, Fas-ligand, MCP-1, 
MDC, MIP-1 B, GM-CSF, MCP-4, IP-IO, BDNF, Eotaxin-3, 
Eotaxin, and TNF-C., wherein an altered concentration of 
IL-6, IL-8, IL-2, IL 13, IFN-y, IL-10, IL-12 p70, Fas, Fas 
ligand, MCP-1, MDC, MIP-1B, GM-CSF, MCP-4, IP-10, 
BDNF, Eotaxin-3, Eotaxin, and TNF-C. in the blood plasma or 
blood serum sample indicates a tendency to have seizure. 
0051. In specific further embodiments of the above, the 
seizure is associated with a temporal lobe epilepsy. In a fur 
ther embodiment, the temporal lobe epilepsy is mesial tem 
poral sclerosis (MTS). In other embodiments, the seizure is 
associated with tuberous sclerosis complex (TSC). 
0052. In still other specific further embodiments of the 
above, the seizure may be cryptogenic. In further embodi 
ments, the seizure is not associated with immune response to 
a pathogen. 
0053. The embodiments, including the probes and panels/ 
arrays of probes, described herein may be used to detect 
whether or not a seizure has (is likely to have occurred). They 
may also be used to predict the likelihood of further seizure. 
Additionally, they may be used to predict whether or not 
seizure is likely following a brain injury or head trauma. They 
are also useful in identifying whether or not a seizure is the 
result of an inflammatory process. Further, they may be used 
in assessing whether or not a treatment is effective. 
0054 ICAM-5 is a neuron-derived protein differentially 
distributed in the blood plasma or blood serum of epilepsy 
patients relative to healthy patients. Soluble ICAM-5 (also 
known as sICAM5, sICAM-5, or variants thereof) is cleaved 
from ICAM-5 by metalloproteases in response to inflamma 
tion. Unexpectedly, it is found that decreased sICAM-5 
expression is found in the case of seizure patients relative to 
healthy patients. As reflected in Example 1 herein, sICAM-5 
expression is a diagnostic marker better than any presently 
available. Further, as reflected in Table 4 (see Example 3) 
herein, other markers are also indicative of a tendency to have 
seizure. 

0055 TARC is also an effective marker, differentially dis 
tributed in the blood plasma or blood serum of epilepsy 
patients relative to healthy patients and it is shown to be 
elevated in seizure patients. In combination, the sICAM-5/ 
TARC ratio is significantly elevated (ratio of 17.1) over 
healthy control. Additional markers that are useful include, 
alone or in combination, IL-1B, IL-2, IL-8, and IFN-y. Still 
additional markers that are useful include, alone or in com 
bination, IL-10, IL-12 p70, Fas, Fas-ligand, MCP-1, MDC, 
MIP-1 B, GM-CSF, MCP-4, IP-10, BDNF, Eotaxin-3, 
Eotaxin, and TNF-C. Probes may further include C.1 AT, 
VCAM-1, 1CAM-1, HGF, and VEGF-A. Probes may also 
include those for components of the complement cascade, 
e.g., C1q, C3c and C3d. 
0056 By way of non-limiting example, the following 
polypeptide panels or arrays are embodiments of the applica 
tion (the terms decreased, elevated, and altered refer to the 
expression level in the epileptic patient versus that in a 
healthy subject): 

0057 sICAM-5 (decreased); 
0.058 sICAM-5 (decreased), TARC (increased): 
0059 sICAM-5 (decreased), TARC (increased), IL-1 B 
(increased). IL-6 (increased), IL-8 (increased); 



US 2013/0331329 A1 

0060 sICAM-5 (decreased), TARC (increased), IL-1 B 
(increased), 1 L-2 (increased), IL-6 (increased), IL-8 (in 
creased), IFN-Y (increased); 

0061 sICAM-5, GM-CSF, BDNF: 
0062 sICAM-5, GM-CSF, BDNF, IL-1B: 
0063 sICAM-5, IL1 B, IL-6: 
0064 sICAM-5, BDNF, IL-12 p70; 
0065. GM-CSF, BDNF; 
0.066 GM-CSF, BDNF: 
0067 sICAM-5, GM-CSF, IFN-y, IL-10, IL-12 p70, 
IL-1B, IL-2, IL-6, IL-8, TNF-C.; 

0068 sICAM-5, GM-CSF, BDNF, IL-10, IL-12 p70, 
IL-1B, IL-2, IL-6, IL-8, TNF-C.; 

0069. GM-CSF, IFN-y, IL-10, IL-12 p70, IL-1 B, IL-2, 
IL-6, IL-8, TNF-C.; 

0070 GM-CSF, BDNF, IFN-y, IL-10, IL-12 p70, 
IL-1B, IL-2, IL-6, IL-8, TNF-C.; and 

(0071 sICAM-5, TARC, IL-1 B, IL-2, IL-8, IFN-y IL-10, 
IL-12 p70, Fas, Fas-ligand, MCP-1, MDC, MIP-1 B, 
GM-CSF, MCP-4, IP-10, BDNF, Eotaxin-3, Eotaxin, 
TNF-C. 

0072 Also provided is a diagnostic kit comprising a 
polypeptide expression panel or array as described herein. 
The kit may also be predictive, useful in determining immi 
nent risk of seizure or recurrence of seizure, or in assessing 
recurrence risk. In one embodiment, the kit is for the diagno 
sis of a temporal lobe epilepsy, such as MTS. In another 
embodiment, the kit is for the diagnosis of tuberous sclerosis 
complex (TSC). The kit may also contain a syringe and/or vile 
for drawing blood. The kit will contain one or more probes 
corresponding to the polypeptide markers of the panel or 
array. The kit may also an ELISA plate. A multiple and 
portable (M&P) ELISA may also be provided as part of a kit 
of an embodiment. Still other suitable components will be 
known to one of skill in the art, and are encompassed hereby. 
0073 Samples may be obtained from patients by conven 
tional techniques. These techniques, may include those cov 
ered by an institutional review board (IRB) approved proto 
col. In one embodiment, the samples are anticoagulated using 
Sodium citrate. In a further embodiment, plasma is prepared 
by centrifuging samples, e.g., at 5,000 g (g gravity) for 15 
minutes at 4°C. Controls may also be purchased from com 
mercial vendors. 
0074 Levels (concentrations) of the polypeptide to be 
quantified in plasma may be obtained by any of a number of 
methods known in the art, the particular procedure not being 
a limitation of the embodiments herein. For example, ELISA, 
Indirect ELISA, Sandwich ELISA, Competitive Elisa, and 
Multiple and Portable (M&P) ELISA may be used. Probes 
specific to the antigen (polypeptide or marker) to be detected 
may be obtained commercially or designed by techniques 
known in the art. In one embodiment for sICAM-5 detection, 
protein G affinity purified mouse monoclonal anti-human 
ICAM-5 antibody is used as the capture antibody. Single- and 
Multi-probe kits are available from commercial suppliers, 
e.g., Meso Scale Discovery. These kits include the kits refer 
enced in the Examples hereto. 
0075 Also described herein are methods of treating or 
preventing seizure or a disorder for which seizure is symp 
tomatic in a mammalian Subject, comprising delivery of 
sICAM-5. In a further embodiment, the mammal is a human. 
Also provided is use of sICAM-5 to treat or prevent seizure or 
a disorder for which seizure is symptomatic in a mammalian 
Subject, and use in preparing a medicament therefor. Given 
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that 1CAM-5 is expressed on the surface of telencephalic 
neurons (i.e., is localized to the brain), treatment or preven 
tion may be effected without undesired systemic effects. 
0076 Treatment or prevention may be made intravenous 
or via intra-cerebrospinal fluid (intra-CSF) by techniques 
known to one of skill in the art. Delivery may also be made by 
any other Suitable means, including by intranasal delivery to 
the CSF with a suitable carrier or excipient. 

EXAMPLES 

0077. The invention is now described with reference to the 
following examples. These examples are provided for the 
purpose of illustration only and the invention should in no 
way be construed as being limited to these examples but 
rather should be construed to encompass any and all varia 
tions that become evident as a result of the teaching provided 
herein. The specific embodiments described in the Examples 
are intended to be embodiments of the invention. 

Example 1 

Evaluation of ICAM5, TARC, and Other 
Polypeptides (Alone and in Combination) as Blood 
Plasma Markers of Seizure or a Tendency Therefor 

0078 Sample Collection and Processing 
0079 Blood samples are collected from human epilepsy 
patients. The samples are anticoagulated using Na-citrate, 
and the plasma is prepared by centrifuging samples at 
5,000xG for 15 minutes at 4°C. The Supernatant solutions are 
then aliquoted and stored at -80° C. Following centrifuga 
tion, the Supernatant solutions are aliquoted and frozen at 
-80° C. Samples of plasma, also anticoagulated with Na 
citrate, are purchased from commercial vendors. Differences 
among sets of controls are not significant where p-0.05. 
0080 Detection/Quantification of sICAM-5 
I0081 Levels of immunoreactive Telencephalin/ICAM-5 
in plasma were measured by sandwich ELISA using electro 
chemiluminescence detection. Assays were carried out on 
high bindSECTOR(R) Imager 6000 reader plates (Meso Scale 
Discovery (MSD), Gaitherburg, Md.) as follows. Wells were 
coated overnight with protein G affinity purified mouse 
monoclonal anti-human ICAM-5 antibody (capture anti 
body; R&D Systems, Minneapolis, Minn.; catalog if MAB 
1950), 2 ug/ml diluted in phosphate buffered saline (PBS) (25 
uL/well). Wells were emptied and then blocked for two hours 
with 10% fetal bovine serum (FBS: Invitrogen, Carlsbad, 
Calif.) in PBS (PBS-10% FBS). Wells were washed 3x with 
PBS containing 0.05% tween-20 (PBS-T) and samples were 
introduced into the wells in a total volume of 100LL consist 
ing of 25uL human plasma and 75uLPBS-5% FBS. ICAM-5 
standard curves were prepared similarly in buffer containing 
25 uL equine plasma (human ICAM-5-free) (Invitrogen, 
Carlsbad, Calif.), to control for the effects of sample matrix. 
Plates were incubated for three hours, washed and then incu 
bated for one hour with biotinylated goat anti-human 
ICAM-5 antibody purified by human ICAM-5 affinity chro 
matography (R&D Systems; catalog i BAF1950; 1 g/ml in 
PBS-1% FBS; 25uL/well). Plates were washed and reacted 
for one hour with MSDR) SULFO-TAG labeled streptavidin 
detection reagent (Meso Scale Discovery: catalog i R32AD; 
1 lug/ml in PBS containing 1% bovine serum albumin (BSA); 
25uL/well). Plates were washed, treated with the addition of 
MSD Read Buffer (Meso Scale Discovery: catalog # R92TC: 
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150 LL/well) and electrochemiluminescence read using a 
SECTORRImager 6000 instrument (Meso Scale Discovery). 
All incubations were carried out at room temperature with the 
exception of that for the capture antibody which was carried 
out at 4°C. The assay was sensitive to less than 0.34 ng/ml as 
defined by the electochemiluminescence signal value that 
was 10 times the standard deviation above the mean electro 
chemiluminescence signal recorded for the 0 ng ICAM-5 
standard (N=10). 
I0082) Detection/Quantification of BDNF 
0083) Levels of immunoreactive BDNF in plasma were 
measured in a manner similar to SICAM-5 (Example 1) using 
antibodies and BDNF standard protein provided in the R&D 
I0084 Systems human BDNF ELISA Development Kit 
(catalog if DY248, Meso Scale Discovery). Detection is by 
electrochemiluminescence using the MSDR SULFO-TAG 
labeled streptavidin detection reagent and SECTOR(R) Imager 

Analyte Epilepsy" 

IL-1B O3 + O.1 
SICAM5 4.24 - 1.14 (ngi ml) 
IL-6 3.10.8 
TARC 197 62 
IL-2 O.6 O.1 
IFN-y 1.6-0.4 
IL-10 2.91.3 
IL-12p70 1.1 O2 
IL-8 4.2 + 0.4 
TNF-C. 7.3 1.5 
MCP-1 26933 
MDC 2.51 + 0.28 (ng/ml) 
MIP-1B 67.4 9.6 
GM-CSF 1.20.3 
MCP-4 414 - 69 
IP-10 18734 
BDNF 1.03 + 0.16 (ng/ml) 
Eotaxin-3 6.5 - 0.7 
Eotaxin S3899 
TARCsICAM5 (122.8 +5.3.9) x 10 
IL6 isCAMS (1.9 + 1.0) x 10 
IL8 isCAMS (3.3 + 1.3) x 10 

'average + sem, (pg. ml unless otherwise labeled), 
2() Increased in epilepsy ()Decreased in epilepsy, 
one-tailed t-test. 
'Area under the Curve of the ROC curve. 

6000 instrument (Meso Scale Discovery). The assay is sen 
sitive to less than 0.08 ng/ml as defined by the electochemi 
luminescence signal value that was 10 times the standard 
deviation above the mean electrochemiluminescence signal 
recorded for the 0 ng BDNF standard (N=10). 
I0085. Detection/Quantification of Other Polypeptides 
I0086 Two multiplexed assays for cytokines and chemok 
ines were used for analysis of patient and control plasma 
samples on the SECTORR) Imager 6000 instrument (Meso 
Scale Discovery, Gaitherburg, Md.) The first of these assays is 
the Human ProInflammatory 9 PlexTM Assay for the measure 
ment of IL-2, IL-8, IL-12p70, IL-1 B, GM-CSF, IFN-Y, IL-6, 
IL-10 and TNF-C. (MesoScale catalog # K15007C-4). The 
second of these assays is the Human Chemokine 9 PlexTM 
Assay for the measurement of Eotaxin, MIP-1B, Eotaxin-3, 
TARC, IP-10, IL-8, MCP-1, MDC, and MCP-4 (catalog # 
K15001C-1). The samples are added to plates that were pre 
coated with capture antibodies for the specific cytokines. The 
plates was sealed and shaken at room temperature for two 
hours. The plates were washed in PBS+0.05% Tween-20 and 
detection antibody solution (1x or 1 g/mL) is added. The 
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plates were once again sealed and set to shake at room tem 
perature for two hours. The plates were then washed once 
more in PBS+0.05% Tween-20. Read buffer was added at a 
2x concentration and the plate was read on the SECTOR 6000 
Imager. 
I0087. Other assays prepared by one of skill in the art or 
commercially available are used for additional polypeptides. 
0088 Results 
I0089 Human epilepsy patient samples had altered levels 
of one or more polypeptides relative to control. Data is 
reflected in Table 1, below, and in FIGS. 2 through 13. The 
data is described in the BRIEF DESCRIPTION OF THE 
DRAWINGS, above. Analyzed with a 
0090 Receiver Operating Characteristic/Condition 
(ROC) calculation, the area under the curve (AUC), which is 
a measure of how well the assay detects epilepsy, was 0.70 or 
greater where ps0.05 (an AUC value of 1.0 would reflect a 
perfect diagnostic). 

TABLE 1. 

Epilepsy in Controls' Controls in Ratio’ p-value AUC 
2 O.1 O.O 10 4.O O.OO3 O.8O 
3 15.72 + 3.63 (ng/ml) 16 3.7 O.OO3 O.8O 
7 1.1 - 0.2 26 2.8 O.O12 O.82 
2 7713 9 2.6 O.O3S O.76 
6 O3 + O.O 26 2.4 O.OO8 0.79 
7 O.701 24 2.4 O.O10 O.70 
6 1803 26 16 O.191 O.61 
6 1.6 0.3 26 1.5 O.O79 O.S3 

24 2.90.2 26 14 O.OO2 0.72 
7 5.5 O.4 26 1.3 0.131 0.56 
2 219 13 9 1.2 O.O82 0.73 
2 2.17 + 0.18 (ng/ml) 9 12 0.145 0.70 
2 58.4 5.9 9 1.2 O.2O7 O.6O 
7 1.4 + 0.4 23 1.2 O.297 0.55 
2 367 67 9 1.1 O.306 O.S6 
2 2O738 9 1.1 O.346 0.57 
5 0.96 + 0.20 (ng/ml) 10 11 0.383 0.53 
2 6.4 + 1.1 9 1.O O-463 0.55 
2 S25 105 9 1.O O462 O.S6 
O (7.2 + 2.5) x 10 8 17.1 0.025 1.00 
3 (0.2 + 0.1) x 10 16 9.9 O.OSO 0.90 
8 (0.5 + 0.2) x 10 16 6.5 0.017 O.88 

0091 Any document (including but not limited to any 
patent, patent application, publication, and website) listed 
herein is hereby incorporated herein by reference in its 
entirety. U.S. Provisional Patent Application No. 61/446,461 
is incorporated herein by reference. While these develop 
ments have been disclosed with reference to specific embodi 
ments, it is apparent that other embodiments and variations of 
this invention are devised by others skilled in the art without 
departing from the true spirit and scope of the developments. 
The appended claims include Such embodiments and varia 
tions thereof. 

1. A polypeptide expression panel or array, said panel or 
array comprising: 

a probe capable of binding soluble ICAM-5 (sICAM-5) in 
blood plasma or blood serum of a mammalian Subject; 
and 

a probe capable of binding TARC in blood plasma or blood 
serum of said mammalian Subject; 

wherein a decreased plasma or serum concentration of 
sICAM-5 in said mammalian subject in combination 
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with an increased plasma or serum concentration of 
TARC in said mammalian Subject indicates a tendency 
to have seizure. 

2. The polypeptide expression panel or array according to 
claim 1, wherein said decreased plasma or serum concentra 
tion of sICAM-5 and said increased plasma or serum concen 
tration of TARC are relative to concentrations in a healthy 
control. 

3. The polypeptide expression panel or array according to 
claim 1, wherein said decreased plasma or serum concentra 
tion of sICAM-5 and said increased plasma or serum concen 
tration of TARC are relative to prior concentrations in said 
blood plasma or blood serum of said mammalian Subject. 

4. (canceled) 
5. The polypeptide expression panel or array according to 

claim 1, further comprising a probe capable of binding IL-8, 
wherein an increased plasma or serum concentration of IL-8 
indicates a tendency to have seizure. 

6. The polypeptide expression panel or array according to 
claim 1, further comprising a probe capable of binding IL-2, 
wherein an increased plasma or serum concentration of IL-2 
indicates a tendency to have seizure. 

7. The polypeptide expression panel or array according to 
claim 1, further comprising a probe capable of binding IL-1B. 
wherein an increased plasma or serum concentration of IL-1B 
indicates a tendency to have seizure. 

8. The polypeptide expression panel or array according to 
claim 1, further comprising a probe capable of binding IFN-y, 
wherein an increased plasma or serum concentration of IFN-y 
indicates a tendency to have seizure. 

9. The polypeptide expression panel or array according to 
claim 1, further comprising probes capable of binding one or 
more of IL-10, IL-12 p70, Fas, Fas-ligand, MCP-1, MDC, 
MIP-1 B, GM-CSF, MCP-4, IP-10, BDNF, Eotaxin-3, 
Eotaxin, and TNF-C., wherein an altered plasma or serum 
concentration of one or more of IL-10, IL-12 p70, Fas, Fas 
ligand, MCP-1, MDC, MIP-1 B, GM-CSF, MCP-4, IP-10, 
BDNF, Eotaxin-3, Eotaxin, and TNF-C. indicates a tendency 
to have seizure. 

10-13. (canceled) 
14. A method for predicting or detecting seizure in a mam 

malian Subject comprising: 
contacting a blood plasma or blood serum sample obtained 

from a mammalian Subject with a diagnostic reagent that 
can measure or detect the expression level of soluble 
ICAM-5 (sICAM-5); and 

contacting said blood plasma or blood serum sample 
obtained from a mammalian Subject with a diagnostic 
reagent that can measure or detect the expression level of 
TARC; 

wherein a decreased plasma or serum concentration of 
sICAM-5 in said blood plasma or blood serum sample of 
said mammalian Subject, in combination with an 
increased plasma or serum concentration of TARC in 
said blood plasma or blood serum sample of said mam 
malian Subject, indicates a tendency to have seizure. 

15. The method of claim 14, wherein said decreased 
plasma or serum concentration of sICAM-5 and said 
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increased plasma or serum concentration of TARC are rela 
tive to concentrations in a healthy control. 

16. The method of claim 14, wherein said decreased 
plasma or serum concentration of sICAM-5 and said 
increased plasma or serum concentration of TARC are rela 
tive to prior concentrations in said blood plasma or blood 
serum sample of said mammalian Subject. 

17. (canceled) 
18. The method of claim 14, further comprising contacting 

said blood plasma or blood serum sample obtained from a 
mammalian Subject with a diagnostic reagent that can mea 
sure or detect the expression level of IL-8, wherein an 
increased plasma or serum concentration of IL-8 indicates a 
tendency to have seizure. 

19. The method according to claim 14, further comprising 
contacting said blood plasma or blood serum sample obtained 
from a mammalian Subject with a diagnostic reagent that can 
measure or detect the expression level of IL-2, wherein an 
increased plasma or serum concentration of IL-2 indicates a 
tendency to have seizure. 

20. The method according to claim 14, further comprising 
contacting said blood plasma or blood serum sample obtained 
from a mammalian Subject with a diagnostic reagent that can 
measure or detect the expression level of IL-1B, wherein an 
increased plasma or serum concentration of IL-1B indicates a 
tendency to have seizure. 

21. The method according to claim 14, further comprising 
contacting said blood plasma or blood serum sample obtained 
from a mammalian Subject with a diagnostic reagent that can 
measure or detect the expression level of IFN-y, wherein an 
increased plasma or serum concentration of IFN-Y indicates a 
tendency to have seizure. 

22. The method according to claim 14, further comprising 
contacting said blood plasma or blood serum sample obtained 
from a mammalian Subject with one or more diagnostic 
reagents that can measure or detect the expression level of one 
or more of IL-10, IL-12 p70, Fas, Fas-ligand, MCP-1, MDC, 
MIP-1 B, GM-CSF, MCP-4, IP-10, BDNF, Eotaxin-3, 
Eotaxin, and TNF-C., wherein an altered plasma or serum 
concentration of one or more of IL-10, IL-12 p70, Fas, Fas 
ligand, MCP-1, MDC, MIP-1B, GM-CSF, MCP-4, IP-10, 
BDNF, Eotaxin-3, Eotaxin, and TNF-C. indicates a tendency 
to have seizure. 

23-41. (canceled) 
42. A method of treating or preventing seizure or a disorder 

for which seizure is symptomatic in a mammalian Subject, 
comprising delivering a therapeutically effective amount of 
SICAM-5. 

43. The method according to claim 42, wherein said 
sICAM-5 is delivered intravenously. 

44. The method according to claim 42, wherein said 
sICAM-5 is delivered intra-cerebral spinal fluid (intra-CSF). 

45. The method according to claim 42, wherein said 
sICAM-5 is delivered intranasally to the cerebral spinal fluid 
(CSF). 

46. (canceled) 


