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1
METHODS OF TREATING EPILEPSY USING
NEURAL STEM CELLS THAT EXPRESS
NANOG, SSEA-4, OCT-4, MIR-34B, MIR-34C
AND MIR-592

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a divisional of now abandoned U.S.
patent application Ser. No. 14/043,221, having the title
“Neural Cell Compositions and Methods of Use Related to
Epilepsy,” filed on Oct. 1, 2013, the entirety of which is
incorporated by reference. This application claims the pri-
ority benefit of U.S. Provisional Patent Application Ser. No.
61/708,244 filed on Oct. 1, 2012, the entirety of which is
incorporated by reference.

SEQUENCE LISTING

This application contains a sequence listing filed in elec-
tronic form as an ASCIL.txt file entitled 02326480.txt, cre-
ated on Nov. 19, 2014, and having a size of 1460 bytes. The
content of the sequence listing is incorporated herein in its
entirety.

BACKGROUND OF THE INVENTION
1) Field of the Invention

The field of the invention is epilepsy study and treatment.
2) Description of Related Art

Over three million Americans suffer from some form of
epilepsy, with mesial temporal lobe epilepsy (MTLE) being
the most common, arising from the temporal lobe structures
of amygdala, hippocampus and parahippocampal gyms.
While many antiepileptic drugs are available, temporal
lobectomy is the definitive treatment for intractable temporal
lobe epilepsy.

Although there are in vitro models for the study of
epilepsy, most neurological disease models use animal tis-
sues/cells, thus they do not fully recapitulate the human
disease pathology. There is therefore a need for a humanized
in vitro model for the study of epilepsy. Further, the molecu-
lar basis for epileptic pathologies is far from elucidated.
Obtaining a better understanding of the disease pathology of
various forms of epilepsy such as temporal lobe epilepsy
may lead to novel biomarkers and treatments for this dis-
order.

A microRNA (miRNA) is a small non-coding RNA
molecule (ca. 22 nucleotides) found in plants and animals,
which functions in transcriptional and post-transcriptional
regulation of gene expression. Encoded by eukaryotic
nuclear DNA, miRNAs function via base-pairing with
complementary sequences within mRNA molecules, usually
resulting in gene silencing via translational repression or
target degradation. The human genome may encode over
1000 miRNAs, which may target about 60% of mammalian
genes and are abundant in many human cell types.

MicroRNAs are well conserved in eukaryotic organisms
and are thought to be a vital and evolutionarily ancient
component of genetic regulation. Animal miRNAs typically
exhibit only partial complementarity to their mRNA targets.
A seed region of about 6-8 nucleotides in length at the 5' end
of an animal miRNA is thought to be an important deter-
minant of target specificity. Combinatorial regulation is a
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feature of miRNA regulation. A given miRNA may have
multiple different mRNA targets, and a given target might
similarly be targeted by multiple miRNAs.

Three such miRNAs are miR-34b (SEQ ID NOs: 1 and 2),
miR-34¢ (SEQ ID NO: 3), and miR-592 (SEQ ID NO: 4).
The gene encoding miR-34b is also referred to as MIR34B,
microRNA 34b and MIRN34B. One gene encoding miR-
34b RNA is identified by the HUGO Gene Nomenclature
Committee as HGNC:31636. The gene encoding miR-34c is
also referred to as MIR34C, microRNA 34c¢ and MIRN34C.
One gene encoding miR-34c RNA is identified by the
HUGO Gene Nomenclature Committee as HGNC:31637.
The gene encoding miR-592 RNA is also referred to as
MIR592, microRNA 592, MIRN592 and hsa-mir-592. One
gene encoding miR-592 RNA is identified by the HUGO
Gene Nomenclature Committee as HGNC:32848.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows the results of a Gene Cluster analysis of
microRNAs obtained from TLE patients.

FIG. 2 is a table showing the results of RT-PCR and
miRNA array analyses of microRNAs obtained from TLE
patients.

FIG. 3 (A-F) shows the results of culturing cells derived
from the neocortex, subventricular zone, entorhinal cortex,
hippocampus, amygdala, and dentate gyrus.

FIG. 4 (A-F) shows the outgrowth processes were short
and pruned in cells derived from the hippocampus.

FIG. 5 (A-F) shows the outgrowth processes in cells
derived from the amygdala.

FIG. 6 (A-F) shows the outgrowth processes in cells
derived from the cortex.

FIG. 7 is a table showing expression of miR-34 and
miR-592 in hippocampus, amygdala and cortex tissues.

FIG. 8 is a table showing expression of Nanog, SSEA-4,
p53, OCT-4, Caspase-3, GFAP, and Nestin in hippocampus,
amygdala and cortex tissues.

FIG. 9 (A-B) contains graphs showing the mean cell count
of stem cells derived from the neocortex (i.e., reduced
miR-34b/c but elevated miR-592 expression) that were
transplanted into the amygdala.

FIG. 10 (A-C) provides a brain image showing a kainic
acid-induced lesion (A), Hoechst staining (B), and a merged
image (C).

FIG. 11 (A-F) provides two brain images showing a kainic
acid-induced lesion (A, D), Hoechst staining (B, E), and a
merged image (C, F).

FIG. 12 (A-H) provides a brain images showing a kainic
acid-induced lesion (A, D, G), Hoechst staining (B, E), and
a merged image (C, F, H).

FIG. 13 (A-F) provides two brain images showing a
kainic acid-induced lesion (A, D), Hoechst staining (B, E),
and a merged image (C, F).

FIG. 14 (A-I) provides three brain images showing a
kainic acid-induced lesion (A, D, G), Hoechst staining (B, E,
H), and a merged image (C, F, I).

FIG. 15 (A-D) shows the results of ELISA detection of
BDNF, GDNF, NGF-beta, and FGF-beta in supernatants of
cells derived from the neocortex, amygdala, and hippocam-
pus.

DETAILED DESCRIPTION

Provided herein is a method of diagnosing or prognosing
an epilepsy or epilepsy-related disorder. Also provided
herein is a method of treating an epilepsy or epilepsy-related
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disorder. Further provided are non-epileptic and epileptic
neural cells and cell cultures. Term definitions used in the
specification and claims are as follows.

DEFINITIONS

As used in the specification and claims, the singular form
a,” “an,” and “the” include plural references unless the
context clearly dictates otherwise. For example, the term “a
polynucleotide” includes a plurality of polynucleotides,
including mixtures thereof.

The term “administering” refers to an administration that
is oral, topical, intravenous, subcutaneous, transcutaneous,
transdermal, intramuscular, intra joint, parenteral, intra-ar-
teriole, intradermal, intraventricular, intracranial, intraperi-
toneal, intralesional, intranasal, rectal, vaginal, by inhalation
or via an implanted reservoir. The term “parenteral” includes
subcutaneous, intravenous, intramuscular, intra-articular,
intra-synovial, intrasternal, intrathecal, intrahepatic, intral-
esional, and intracranial injections or infusion techniques.

The terms “cell line” and “cell culture” refer to a collec-
tion of cells that are progeny of an isolated single cell, a
multiple cell of a single cell type, or multiple cells from a
single cell source that are maintained ex vivo under con-
trolled conditions. In some embodiments, the cell culture is
maintained for approximately 2, 3, 4, 5, or more cell
passages. It is also understood that all progeny may not be
precisely identical in DNA content, due to deliberate or
inadvertent mutations. Variant progeny that have the same
function or biological property, as screened for in the
originally isolated cell(s), are included.

As used herein, the term “comprising” is intended to mean
that the compositions and methods include the recited ele-
ments, but not excluding others. “Consisting essentially of”
when used to define compositions and methods, shall mean
excluding other elements of any essential significance to the
combination. Thus, a composition consisting essentially of
the elements as defined herein would not exclude trace
contaminants from the isolation and purification method and
pharmaceutically acceptable carriers, such as phosphate
buffered saline, preservatives, and the like. “Consisting of”
shall mean excluding more than trace elements of other
ingredients and substantial method steps for administering
the compositions of this invention. Embodiments defined by
each of these transition terms are within the scope of this
invention.

A “control” is an alternative subject or sample used in an
experiment for comparison purpose. A control can be “posi-
tive” or “negative.” In some embodiments, a control for an
epileptic neural stem cell is a non-epileptic neural stem cell.

The terms “diagnosing,” “diagnosis,” “prognosing,” and
“prognosis” refer to one or more actions taken by a physi-
cian or other healthcare professional related to the advise-
ment of a patient regarding a particular illness, disorder or
condition. It should be understood that these terms require
more than a mere mental consideration of the diagnostic or
prognostic information obtained through the practice of the
present invention.

“Differentially expressed” as applied to a gene refers to
the differential production of the mRNA transcribed from
the gene or the protein product encoded by the gene. A
differentially expressed gene may be over-expressed or
under-expressed as compared to the expression level of a
normal or control cell. In one aspect, it refers to a differential
that is 2.5 times, preferably 5 times, or preferably 10 times
higher or lower than the expression level detected in a
control sample. The term “differentially expressed” also
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refers to nucleotide sequences in a cell or tissue which are
expressed where silent in a control cell or not expressed
where expressed in a control cell.

An “effective amount” is an amount sufficient to effect
beneficial or desired results. An effective amount can be
administered in one or more administrations, applications or
dosages.

The term “epilepsy” refers herein to a diverse set of
chronic neurological disorders characterized by seizures.
The term “epilepsy” includes, but is not limited to, benign
Rolandic epilepsy, frontal lobe epilepsy, infantile spasms,
juvenile myoclonic epilepsy, juvenile absence epilepsy,
childhood absence epilepsy (pyknolepsy), hot water epi-
lepsy, Lennox-Gastaut syndrome, Landau-Kleffner syn-
drome, Dravet syndrome, progressive myoclonus epilepsies,
reflex epilepsy, Rasmussen’s syndrome, temporal lobe epi-
lepsy, limbic epilepsy, status epilepticus, abdominal epi-
lepsy, massive bilateral myoclonus, catamenial epilepsy,
Jacksonian seizure disorder, Lafora disease, and photosen-
sitive epilepsy. In some embodiments, the epilepsy treated,
prognosed or diagnosed according to the present invention is
temporal lobe epilepsy. Temporal lobe epilepsy is a symp-
tomatic localization-related epilepsy and is the most com-
mon epilepsy of adults who experience seizures poorly
controlled with anticonvulsant medications. In most cases,
the epileptogenic region is found in the midline (mesial)
temporal structures (e.g., the hippocampus, amygdala, and
parahippocampal gyms). Seizures usually begin in late
childhood and adolescence. Most of these patients have
complex partial seizures sometimes preceded by an aura,
and some TLE patients also have secondary generalized
tonic-clonic seizures.

As used herein, “expression” refers to the process by
which polynucleotides are transcribed into miRNA. If the
polynucleotide is derived from genomic DNA, expression
may include splicing of the miRNA in a eukaryotic cell.
“Over-expression” as applied to a gene refers to the over-
production of the mRNA transcribed from the gene or the
protein product encoded by the gene, at a level that is 2.5
times higher, preferably 5 times higher, more preferably 10
times higher than the expression level detected in a control
sample. “Under-expression” as applied to a gene refers to
the under-production of the mRNA transcribed from the
gene or the protein product encoded by the gene, at a level
that is 2.5 times lower, preferably 5 times lower, more
preferably 10 times lower than the expression level detected
in a control sample.

“Mammal” for purposes of treatment refers to any animal
classified as a mammal, including human, domestic and
farm animals, nonhuman primates, and zoo, sports, or pet
animals, such as dogs, horses, cats, cows, etc.

The term “neural stem cell” (also referred to as “NSC”)
refers herein to a multipotent neural cell that differentiates
into one or more nervous system cells including, but not
limited to, neuroblasts, glioblasts (including Type 1A or
Type 02A), intermediate neural progenitors, projecting neu-
rons, interneurons, astrocytes (including Type 1 and Type 2),
and oligodendrocytes. In some embodiments, a neural stem
cell expresses, over-expresses, or is considered positive for
one or more stem cell identifiers including, but not limited
to, GFAP, Nestin, PSA-NCAM, Nanog, SSEA-4, Oct-4,
CXCRA4, LIF, FGF, EGF, PDGF, and Notch.

As used herein, a “non-epileptic neural stem cell” is a
neural stem cell obtained from a region near a hippocampus
or in a neocortex region in a subject. In one embodiment, the
non-epileptic neural stem cell is isolated using the methods
provided in Example 3. In some embodiments, a non-
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epileptic neural stem cell over-expresses Nanog, SSEA-4
and OCT-4 as compared to a epileptic neural stem cell.

As used herein, an “epileptic neural stem cell” is a neural
stem cell having over-expression of a miR-34b polynucle-
otide sequence and/or a miR-34¢ polynucleotide sequence
and under-expression of a miR-592 polynucleotide sequence
as compared to a control, wherein the control is a non-
epileptic neural stem cell. In one embodiment, the epileptic
neural stem cell is isolated using the methods provided in
Example 3. In some embodiments, the epileptic neural stem
cell under-expresses Nanog, SSEA-4 and OCT-4 as com-
pared to a non-epileptic neural stem cell.

A “pharmaceutical composition” is intended to include
the combination of an active agent with a carrier, inert or
active, making the composition suitable for diagnostic or
therapeutic use in vitro, in vivo or ex vivo.

As used herein, the term “pharmaceutically acceptable
carrier” encompasses any of the standard pharmaceutical
carriers, such as a phosphate buffered saline solution, water,
and emulsions, such as an oil/water or water/oil emulsion,
and various types of wetting agents. The compositions also
can include stabilizers and preservatives. For examples of
carriers, stabilizers and adjuvants, see Martin, REMING-
TON’S PHARM. SCI., 15th Ed. (Mack Publ. Co., Easton
(1975)).

The term “pharmaceutically acceptable carrier or excipi-
ent” means a carrier or excipient that is useful in preparing
a pharmaceutical composition that is generally safe, non-
toxic and neither biologically nor otherwise undesirable, and
includes a carrier or excipient that is acceptable for veteri-
nary use as well as human pharmaceutical use. A “pharma-
ceutically acceptable carrier or excipient” as used in the
specification and claims includes both one and more than
one such carrier or excipient.

The term “pharmaceutically acceptable salts” refers to
any acid or base addition salt whose counter-ions are non-
toxic to the subject to which they are administered in
pharmaceutical doses of the salts.

The terms “pharmaceutically effective amount,” “thera-
peutically effective amount” or “therapeutically effective
dose” refer to the amount of a compound such as a non-
epileptic neural stem cell that will elicit the biological or
medical response of a tissue, system, animal, or human that
is being sought by the researcher, veterinarian, medical
doctor or other clinician.

The terms “polynucleotide” and “oligonucleotide” are
used interchangeably, and refer to a polymeric form of
nucleotides of any length, either deoxyribonucleotides or
ribonucleotides, or analogs thereof. Polynucleotides may
have any three-dimensional structure and may perform any
function, known or unknown. The following are non-limit-
ing examples of polynucleotides: a gene or gene fragment,
exons, introns, messenger RNA (mRNA), transfer RNA,
ribosomal RNA, microRNA (miRNA), ribozymes, cDNA,
recombinant polynucleotides, branched polynucleotides,
plasmids, vectors, isolated DNA of any sequence, isolated
RNA of any sequence, nucleic acid probes, and primers. A
polynucleotide may comprise modified nucleotides, such as
methylated nucleotides and nucleotide analogs. If present,
modifications to the nucleotide structure may be imparted
before or after assembly of the polymer. The sequence of
nucleotides may be interrupted by non-nucleotide compo-
nents. A polynucleotide may be further modified after
polymerization, such as by conjugation with a labeling
component. The term also refers to both double- and single-
stranded molecules. Unless otherwise specified or required,
any embodiment of this invention that is a polynucleotide
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encompasses both the double-stranded form and each of two
complementary single-stranded forms known or predicted to
make up the double-stranded form.

A polynucleotide is composed of a specific sequence of
four nucleotide bases: adenine (A); cytosine (C); guanine
(G); thymine (T); and uracil (U) for thymine (T) when the
polynucleotide is RNA. Thus, the term “polynucleotide
sequence” is the alphabetical representation of a polynucle-
otide molecule. This alphabetical representation can be input
into databases in a computer having a central processing unit
and used for bioinformatics applications such as functional
genomics and homology searching.

A “subject,” “individual” or “patient” is used interchange-
ably herein, which refers to a vertebrate, preferably a mam-
mal.

The term “therapeutically effective amount™ includes that
amount of a compound such as a non-epileptic neural stem
cell that, when administered, is sufficient to prevent devel-
opment of, or alleviate to some extent, one or more of the
symptoms of the condition or disorder being treated. The
therapeutically effective amount will vary depending on the
compound such as a non-epileptic neural stem cell, the
disorder or conditions and its severity, the route of admin-
istration, time of administration, rate of excretion, drug
combination, judgment of the treating physician, dosage
form, and the age, weight, general health, sex and/or diet of
the subject to be treated. In the context of the present
method, a pharmaceutically or therapeutically effective
amount or dose of a non-epileptic neural stem cell includes
an amount that is sufficient to treat epilepsy.

The terms “treat,” “treating,” “treatment” and grammati-
cal variations thereof as used herein include partially or
completely delaying, alleviating, mitigating or reducing the
intensity of one or more attendant symptoms of a disorder or
condition and/or alleviating, mitigating or impeding one or
more causes of a disorder or condition. Treatments accord-
ing to the invention may be applied preventively, prophy-
lactically, pallatively or remedially. In some instances, the
terms “treat,” “treating,” “treatment” and grammatical varia-
tions thereof include reducing the number of epileptic sei-
zures experienced by a subject as compared with prior to
treatment of the subject or as compared with the incidence
of such symptom in a general or study population.

29

DESCRIPTION

Provided herein is a novel technology for harvesting
human neural stem cells (hNSCs) and epileptic neural cells
from adult patients undergoing neurosurgical resection pro-
cedure, as well as novel applications for research (i.e.,
humanized animal models) and for clinical applications (i.e.,
biomarker/diagnostic tools, and autologous and allogeneic
transplantation). The present disclosure can be applied to
other neurological disorders where a neurosurgical resec-
tion, ablation, electrode implantation or similar brain tissue
manipulation is indicated.

The present disclosure includes 1) a technology for har-
vesting (hNSCs) from an epilepsy patient undergoing neu-
rosurgical resection procedures, allowing non-epileptic cells
surrounding the epileptic tissue to be harvested and there-
after expanded in vitro for generation of an ample supply of
hNSCs; 2) a technology involving said neurosurgical resec-
tion procedure that allows harvesting of epileptic tissues/
cells which can be used as a biomarker or diagnostic tool; 3)
a technology for developing humanized in vitro and in vivo
models of epilepsy and related neurological disorders which
are created using either the generated hNSCs or the epileptic
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cells; and 4) a clinical application of using the generated
hNSCs as allogeneic and autologous therapeutics (e.g.,
transplant cell source, pharmacological agent, neural circuit
scaffold) for treating epilepsy and related disorders.

Converging evidence from microRNA (miRNA), qPCR
and immunocytochemical assays described herein identify
novel miRNAs associated with epilepsy. These miRNAs are
miR-34b, miR-34-c, and miR-592. Prior to this disclosure,
there had been no report of miR34b/c and miR-592 as
mitigating the pathology of epilepsy. The finding that a
signature transcription profile is distinct to a discrete brain
structure of the epilepsy brain is novel and has far-ranging
preclinical and clinical applications. First, the novel miR
profiles can be used to identify an optimal source of stem
cells allowing robust cell culture for laboratory work (e.g.,
in vitro developmental biology studies and humanized ani-
mal models), as well as an ample supply of viable cells for
clinical transplantation. Second, the distinct brain structure-
specific “sternness” signature indicates the potential of
autologous transplantation for epilepsy. Third, such gene
profile, either as a single miR or a combination of miRs, can
be used as a biomarker (i.e., possibly detected in blood
serum) of epilepsy and other related disorders.

Accordingly, provided herein is a method of diagnosing or
prognosing an epilepsy or epilepsy-related disorder. Also
provided herein is a method of treating an epilepsy or
epilepsy-related disorder. Further provided are non-epileptic
and epileptic neural stem cells and cell cultures.

The epilepsy diagnosed, prognosed, or treated using the
present invention can be any form of epilepsy including, but
not limited to, benign Rolandic epilepsy, frontal lobe epi-
lepsy, infantile spasms, juvenile myoclonic epilepsy, juve-
nile absence epilepsy, childhood absence epilepsy (pykno-
lepsy), hot water epilepsy, Lennox-Gastaut syndrome,
Landau-Kleffner syndrome, Dravet syndrome, progressive
myoclonus epilepsies, reflex epilepsy, Rasmussen’s syn-
drome, temporal lobe epilepsy, limbic epilepsy, status epi-
lepticus, abdominal epilepsy, massive bilateral myoclonus,
catamenial epilepsy, Jacksonian seizure disorder, Lafora
disease, and photosensitive epilepsy. In some embodiments,
the epilepsy treated, prognosed, or diagnosed according to
the present invention is temporal lobe epilepsy. Temporal
lobe epilepsy is a symptomatic localization-related epilepsy
and is the most common epilepsy of adults who experience
seizures poorly controlled with anticonvulsant medications.
In most cases, the epileptogenic region is found in the
midline (mesial) temporal structures (e.g., the hippocampus,
amygdala, and parahippocampal gyms). Seizures usually
begin in late childhood and adolescence. Most of these
patients have complex partial seizures sometimes preceded
by an aura, and some TLE patients also have secondary
generalized tonic-clonic seizures.

In some embodiments, a method of diagnosing or prog-
nosing an epilepsy is provided that comprises obtaining a
sample from a subject suspected of having, or being pre-
disposed to develop, epilepsy or an epilepsy-related disor-
der, detecting expression of one or more miR-34b poly-
nucleotide sequences, and/or one or more miR-34c
polynucleotide sequences, and/or one or more miR-592
polynucleotide sequences, comparing the expression to a
control, and making the diagnosis or prognosis of the
epilepsy or epilepsy-related disorder when 1) the miR-34b
polynucleotide sequence and/or miR-34c polynucleotide
sequence is over-expressed as compared to a miR-34b
polynucleotide and/or miR-34c polynucleotide control,
respectively, and/or 2) the miR-592 polynucleotide sequence
is under-expressed as compared to a miR-592 polynucle-
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otide control. A subject can be predisposed to develop
epilepsy due to genetic or environmental factors. In some
embodiments, both miR34b and miR34c polynucleotide
sequences are over-expressed as compared to their respec-
tive controls. In still other embodiments, both miR34b and
miR34c polynucleotide sequences are over-expressed as
compared to their respective controls, and the miR592
polynucleotide sequence is under-expressed as compared to
its control.

“Over-expression” as applied to a miRNA refers to the
over-production of the miRNA transcribed from its gene, at
a level that is 2.5 times higher, preferably 5 times higher,
more preferably 10 times higher than the expression level
detected in a control sample. “Under-expression” as applied
to a miRNA refers to the under-production of the miRNA
transcribed from its gene, at a level that is 2.5 times lower,
preferably 5 times lower, more preferably 10 times lower
than the expression level detected in a control sample. The
sample that is obtained from the subject is preferably
obtained from the hippocampus or amygdala region of the
subject’s brain. A control sample is preferably obtained or
derived from a non-epileptic region of a brain including, but
not limited to, a region surrounding a hippocampus and a
neocortex region. In one embodiment, the control sample is
a non-epileptic neural cell as described herein.

It should be understood that the terms “miR-34b,” “miR-
34c,” and “miR-592” refer to any and all polynucleotide
sequences having substantial homology with known miR-
34b, miR-34c, and miR-592 polynucleotide sequences such
that those of skill in the art understand the polynucleotide
sequences to be homologs or orthologs of the miR-34b (SEQ
ID NOs: 1 and 2), miR-34c (SEQ ID NO: 3), and miR-592
(SEQ ID NO: 4) sequences described herein. One gene
encoding miR-34b RNA is identified by the HUGO Gene
Nomenclature Committee as HGNC:31636. One gene
encoding miR-34c RNA is identified by the HUGO Gene
Nomenclature Committee as HGNC:31637. One gene
encoding miR-592 RNA is identified by the HUGO Gene
Nomenclature Committee as HGNC:32848.

Also provided herein is a method of treating an epilepsy
or epilepsy-related disorder in a subject in need of such
treatment, comprising administering a non-epileptic neural
stem cell to the amygdala or hippocampus region of the
subject’s brain. As used herein, a “non-epileptic neural stem
cell” is a neural stem cell obtained from a region near a
hippocampus or in a neocortex region of a subject as further
defined above and in the Examples below. The subject can
be the same individual that receives the treatment (autolo-
gous administration) or a different individual (heterologous
administration). The non-epileptic neural stem cell can be
administered via any method known to those of skill in the
art. In some embodiments, the non-epileptic neural stem cell
is administered to the subject via transplantation into an
amygdala or hippocampus region of the subject’s brain.
Accordingly, the non-epileptic neural stem cells can be
administered as a transplant material (i.e., allogeneic trans-
plantation) or as a pharmacologic therapeutic (i.e., autolo-
gous cell therapy or autologous pharmacologic treatment).

In addition to the methods described above, further pro-
vided herein are compositions comprising isolated epileptic
neural stem cells and cell lines and isolated non-epileptic
stem cells and cell lines. Accordingly, provided herein is a
composition comprising an epileptic neural stem cell line,
wherein the cell line is derived from an amygdala or
hippocampus region of a brain and a characteristic of the cell
line is 1) over-expression of a miR-34b polynucleotide
sequence and/or a miR-34c polynucleotide sequence as
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compared to a control and/or 2) under-expression of a
miR-592 polynucleotide sequence as compared to a control.
In some embodiments, the epileptic neural stem cell line is
further characterized by under-expression of Nanog,
SSEA-4 and OCT-4 as compared to the control. In one
embodiment, the control is a non-epileptic neural cell line.

The examples below describe that isolated epileptic neu-
ral stem cells obtained from the amygdala or hippocampus
of patients having temporal lobe epilepsy exhibit increased
levels of miR-34b RNA sequence and/or a miR-34c RNA
sequence and decreased levels of miR-592 RNA sequence as
compared to control neural cells. Isolated epileptic neural
stem cells having these characteristics are useful in the
diagnosis and/or prognosis of epilepsy or an epilepsy-related
disorder and for the development of scaffolds and assays for
the study of epilepsy or an epilepsy-related disorder. To date,
many of the epileptic tissues collected from patients are
relegated to research purposes since the tissues/cells come
from post-mortem sources. In contrast, the present disclo-
sure describes the harvest of diseased brain cells from an
adult human that closely recapitulate the disease pathology,
allowing an in-depth examination and a much better under-
standing of the human disease.

Also provided herein is a composition comprising a
non-epileptic neural stem cell line, wherein the cell line is 1)
under-expression of a miR-34b polynucleotide sequence
and/or a miR-34c polynucleotide sequence as compared to a
control and/or 2) over-expression of a miR-592 polynucle-
otide sequence as compared to an epileptic cell control. In
some embodiments, the non-epileptic neural stem cell line is
further characterized by over-expression of Nanog, SSEA-4
and OCT-4 as compared to the control. In other or further
embodiments, the non-epileptic neural stem cell line is
characterized by increased production of one or more of a
brain-derived neurotrophic factor (BDNF), a glial cell line-
derived neurotrophic factor (GDNF), and a nerve growth
factor (NGF) as compared to a epileptic neural stem cell
line. The non-epileptic neural stem cell line can be derived
from a neocortex or hippocampal region of a brain, and in
some embodiments, is created using methods equivalent to
those provided in Example 3 below.

The examples below further describe that isolated non-
epileptic neural stem cells obtained from the neocortex of
patients having temporal lobe epilepsy exhibited decreased
levels of miR-34b RNA sequence and/or a miR-34c RNA
sequences and increased levels of miR-592 RNA sequences
as compared to control neural cells. Isolated neural cells
having these characteristics are useful as a source of mul-
tipotent neural cells that may be used for transplantation,
treatment of epilepsy or epilepsy-related disorders and the
development of cell lines, scaffolds and assays.

It should be understood that the foregoing relates to
preferred embodiments of the present disclosure and that
numerous changes may be made therein without departing
from the scope of the disclosure. The disclosure is further
illustrated by the following examples, which are not to be
construed in any way as imposing limitations upon the scope
thereof. On the contrary, it is to be clearly understood that
resort may be had to various other embodiments, modifica-
tions, and equivalents thereof, which, after reading the
description herein, may suggest themselves to those skilled
in the art without departing from the spirit of the present
disclosure and/or the scope of the appended claims. All
patents, patent applications, and publications referenced
herein are incorporated by reference in their entirety for all
purposes.
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10
EXAMPLES

Example 1

Pursuant to necessary regulatory approval, tissues from
multiple brain regions were obtained from consenting TLE
patients undergoing hippocampal resection. Specimens were
processed for microRNA. Approximately 800 microRNAs
were examined. Results revealed that miR-34b and miR-34c
were significantly up-regulated in hippocampus and
amygdala compared to the neocortex, with miR-34b/c
expression highest in the amygdala. In contrast, levels of
miR-592 were significantly down-regulated in the hip-
pocampus and amygdala compared to the neocortex. See
FIG. 1. The following notations apply to FIG. 1:

1. Load 71 significant (FDR<0.05), log 2 transformed

probes into Gene Cluster 3.0

2. Adjusted data by centering genes (median)

3. Performed clustering using centered correlation as

distance measure and average linkage as method

Example 2

Sister brain tissues of profiled microRNA samples were
then processed for RT-PCR focusing on the identified novel
miRs. RT-PCR data generally support microRNA data.
Notably, levels of miR-34b/c were significantly up regu-
lated, while levels of miR-592 were down regulated in the
hippocampus and amygdala compared to neocortex. FIG. 2
provides a summary of this data.

Example 3

Both non-epileptic and epileptic stem cells were isolated
from the TLE samples obtained according to Example 1.
More specifically, the epileptic tissue samples (obtained
from both the hippocampus/amygdala and neocortex areas)
were shipped to the laboratory on frozen brick ice to assure
shipment of cells at a cool temperature. The epileptic tissues
were treated with 25% trypsin and mechanically dissociated
using Pasteur pipets. An average collection was approxi-
mately 30 million cells with 30% of adherent cells. Only 1
million cells were required for the first cell culture to select
the adherent cells with generally about 30% of the cells
demonstrating adherence and about 300,000 cells sub-cul-
tured. The cells doubled approximately every 24 hours. The
adherent cells were collected in a buffered saline conical
collection tube and subjected to centrifugation at 2,000 rpm
for 7 minutes at approximately 4° C. Pelleted cells were
resuspended for a cell count and viability test.

The cells were grown to 3 passages before testing without
observing signs of contamination. One milliliter of cellular
suspension was tested for the total cell count, cell viability,
and immunocytochemical analysis for specific markers. The
remainder of the cell suspension was used as the NSC
product for immunocytochemical assay and transplantation
experiments. Alternatively, the cell suspension was cryopre-
served in a total volume of 10 ml. comprising of 5 mL of
cells, 3 mlL of the buffered saline (DPBS), 1 mL of the
protein HSA (Telacris Bio, Clayton, N.C.), and 1 mL of the
preservative DMSO (99% Stemsol). Cryovials were trans-
ferred to a cryogenic storage unit and stored in the vapor
phase of liquid nitrogen at a temperature at or below -150°
C. (LN2 Freezer MVE 1830; Chart Industries, Garfield
Heights, Ohio).

FIG. 3 (A-F) shows that stem cell culture was poor when
cells were harvested from the amygdala of human epileptic
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patients, which was shown to display a significant increment
in miR-34b/c and a significant decrement in miR-592.
Conversely, stem cell culture was robust when cells were
harvested from the neocortex of human epileptic patients,
which was shown to display a significant decrement in
miR-34b/c and a significant increment in miR-592.

Example 4

Cells were isolated from the TLE samples obtained
according to Example 1 and immunocytochemical staining
against stem cell markers and cell survival/death markers
was performed. These assays provided insights into the
function of miR-34b/c and miR-592, in that distinct growth
and proliferation patterns were recognized from stem cells
harvested from hippocampus, amygdala and neocortex.
Stem cells derived from the hippocampus, amygdala, and
cortex of a TLE patient were stained with Hoechst stain
(identifies DNA), GFAP (glial fibrillary acidic protein),
Nestin, Nanog (a transcription factor associated with an
undifferentiated state), SSEA-4, and Oct-4 (data not shown).

Taken together, these immunocytochemical staining
results reveal the following:

1. Double-positive cells expressing astrocytic cell marker
GFAP and immature neural cell marker Nestin were
detected in all brain tissue sources.

2. The stem cell markers Nanog, SSEA-4 and Oct-4 are
also expressed on cells obtained from all three brain
tissue sources.

3. Apoptotic cell death marker p53 staining intensity is
generally weak, but the other apoptotic cell death
marker Caspase-3 intensity is strong and Caspase-3
positive cells are visible in all brain tissue sources.

4. While neural differentiation, cell proliferation (i.e.,
stem cell phenotype), and apoptotic markers are
detected in all brain tissue sources, there is a tendency
of enhancement and reduction in their expression that
coincides with miR-34 and miR-592 up-regulation and
down-regulation in specific brain tissues examined.

In summary, this data shows that expression of stem cell
markers Nanog, SSEA-4 and OCT-4 is detected, but mod-
estly in the core epileptic brain region of hippocampus and
the immediate adjacent brain area of amygdala. In contrast,
these stem cell markers are robustly expressed in the cortex,
a distant brain area from the epileptic tissue. Note that the
expression of miR-34 and miR-592 are inversely expressed
in hippocampus and amygdala versus the cortex (See FIG.
7), providing direct role of these miRs in stem cell fate.

Similarly, expression of the apoptotic marker caspase-3,
but not p53, is increased in hippocampus and amygdala, but
only modestly detected in cortex, suggesting that epileptic
core and adjacent brain areas of hippocampus and amygdala
are susceptible to apoptotic cell death, but the non-epileptic
cortex appears resistant to this cell death process. Moreover,
the direct role of miR-34 and miR-592 in cell death is
demonstrated here.

The neural differentiation markers, GFAP and Nestin,
revealed a similar level of expression across all brain tissue
sources examined, but more elaborate and decorated out-
growth processes were recognized in the cells harvested
from the cortex (FIG. 6) and partially displayed by those
isolated from the amygdala (FIG. 5), whereas these pro-
cesses were short and pruned in cells derived from the
hippocampus (FIG. 4), suggesting that neural differentiation
potential is more rampant in the non-epileptic tissue of the
cortex compared to the epileptic tissue of hippocampus and
its adjacent tissue of amygdala. Moreover, miR-34 and
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miR-592 also appear to influence the lineage commitment of
the cells towards neural differentiation. These results suggest
that cell proliferation and differentiation is lower in the
hippocampus and amygdala of temporal lobe epileptic
patients compared to the neocortex.

The table in FIG. 8 summarizes the data described above,
clarifies the concurrence of the immunocytochemical results
with the miR data, and reveals the role of miR-34 and
miR-592 in stem cell fate. The table shows that expression
of stem cell markers Nanog, SSEA-4 and OCT-4 is detected,
but modestly in the core epileptic brain region of hippocam-
pus and the immediate adjacent brain area of amygdala. In
contrast, these stem cell markers are robustly expressed in
the cortex, a distant brain area from the epileptic tissue. Note
that the expression of miR-34 and miR-592 are inversely
expressed in hippocampus and amygdala versus the cortex,
providing direct role of these miRs in stem cell fate.

Similarly, expression of the apoptotic marker caspase-3,
but not p53, is increased in hippocampus and amygdala, but
only modestly detected in cortex, suggesting that epileptic
core and adjacent brain areas of hippocampus and amygdala
are susceptible to apoptotic cell death, but the non-epileptic
cortex appears resistant to this cell death process. Moreover,
the direct role of miR-34 and miR-592 in cell death is
demonstrated here.

The neural differentiation markers, GFAP and Nestin,
revealed a similar level of expression across all brain tissue
sources examined, but more elaborate and decorated out-
growth processes were recognized in the cells harvested
from the cortex and partially displayed by those isolated
from the amygdala, whereas these processes were short and
pruned in cells derived from the hippocampus, suggesting
that neural differentiation potential is more rampant in the
non-epileptic tissue of the cortex compared to the epileptic
tissue of hippocampus and its adjacent tissue of amygdala.
Moreover, miR-34 and miR-592 also appear to influence the
lineage commitment of the cells towards neural differentia-
tion.

The table in FIG. 8 indicates how the present disclosure
guides the appropriate brain location to harvest transplant-
able stem cells for treatment of epilepsy and related disor-
ders.

Example 5

To further elucidate the effects of miR-34b/c and miR-
592, Sprague-Dawley rats with kainic acid-induced epilepsy
received intrahippocampal transplants of brain region-spe-
cific tissues from epileptic patients. Animals were first
subjected to kainic acid lesion to induce epilepsy (Rao M S,
Hattiangady B, Reddy D S, Shetty A K. Hippocampal
neurodegeneration, spontaneous seizures, and mossy fiber
sprouting in the F344 rat model of temporal lobe epilepsy.
J. Neurosci Res 2006 May 1; 83(6):1088-105). Next, ani-
mals showing the typical epileptic seizures (stage V)
received either transplants of the human cortical cells iso-
lated according to Example 1 or a vehicle infusion around 5
months after KA lesion. One week after transplantation or
vehicle infusion, animals were killed for immunohisto-
chemical analyses to reveal rescue of hippocampal cells
from KA lesion and also to detect survival of transplanted
human cortical cells.

Results are shown in FIGS. 9-14. It was observed that
transplantation of stem cells derived from the neocortex (i.e.,
reduced miR-34b/c but elevated miR-592 expression) not
only survived in the amygdala but also reduced the KA-
induced hippocampal cell loss in epileptic rats. Moreover,



US 10,357,517 B1

13

the transplanted human neocortical cells migrated from the
amygdala to the lesioned hippocampus, specifically the CA1
and CA3 regions. This transplant study elucidates the key
role of microRNAs in the disease pathology of epilepsy and
their utility as a stem cell optimization tool for identifying 5
efficacious stem cells for transplantation therapy.

Example 6

Parallel in vitro studies revealed that the administration of 10
the supernatant from cultured human epileptic neocortical
stem cells significantly reduced the kainic acid-induced cell
death in primary human hippocampal cells compared to
control treatments, suggesting that the rescue of the epileptic

14

hippocampus by the transplanted stem cells likely involves
a trophic factor mechanism. (Data not shown.)

The supernatant collected over the last 2 days of passage
3 were used for ELISA. The levels of BDNF, GDNF, NGF
and FGF were determined using ELISA kits according to the
protocols of the manufacturer (BDNF and GDNF from
Promega; NGF and FGF from R&D Systems). As shown in
FIG. 15, ELISA revealed that brain-derived neurotrophic
factor (BDNF), glial cell line-derived neurotrophic factor
(GDNF), and nerve growth factor (NGF) were significantly
down regulated in the human hippocampus and amygdala
compared to the neocortex, while basic fibroblast growth
factor (bFGF) was significantly unregulated in the hip-
pocampus and amygdala compared to the neocortex.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 4
<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 1

LENGTH: 23

TYPE: RNA

ORGANISM: Artificial Sequence
FEATURE:

miRBase Accession, MIMAT0000685, HGNC ID No:

<400> SEQUENCE: 1

uaggcagugu cauuagcuga uug

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 2

LENGTH: 22

TYPE: RNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Mature sequence for miR-34b
miRbase Accession No. MIMAT0004676,
<400> SEQUENCE: 2

caaucacuaa cuccacugcc au

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 3

LENGTH: 23

TYPE: RNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Mature sequence for miR-34c
miRbase Accession number MIMAT0000686,

<400> SEQUENCE: 3

aggcagugua guuagcugau ugc

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 4
LENGTH: 22
TYPE: RNA
ORGANISM: Artificial Sequence
FEATURE:

number MIMAT0003260,

HGNC ID No.: 32848.

<400> SEQUENCE: 4

uugugucaau augcgaugau gu

OTHER INFORMATION: Mature sequence for miR-34b*
31636

HGNC ID NO:

OTHER INFORMATION: Mature sequence for miR-592,

(hsa miR-34b-5p),

23

(hsa miR-34b-3p),
HGNC ID NO:31636

22

(hsa miR-34c¢-5p),

31637

23

mirBase acession

22
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The invention claimed is:

1. A method of treating an epilepsy in a subject in need
thereof, the method comprising: administering a therapeu-
tically effective amount of a first population of neural stem
cells to an amygdala or hippocampus region of the subject’s
brain, wherein the first population of neural stem cells
expresses a microRNA 34b (miR-34b) having a sequence
consisting essentially of the nucleic acid sequence of SEQ
ID NOs: 1 or 2, a microRNA 34c (miR-34c) having a
sequence consisting essentially of the nucleic acid sequence
of SEQ ID NO: 3, and a microRNA 592 (miR-592) having
a sequence consisting essentially of the nucleic acid
sequence of SEQ ID NO: 4, wherein the first population of
neural stem cells under-expresses the miR-34b and the
miR-34¢ by at least 2.5 times as compared to a second
population of neural stem cells, and over-expresses the
miR-592 by at least 2.5 times as compared to the second
population of neural stem cells;

wherein the first population of neural stem cells is gen-

erated by

isolating the first population of cells from the neocortex
of the subject’s brain or an allogenic brain of a
non-epileptic subject or an epileptic subject;

culturing the isolated first population of cells;

obtaining the adherent cells after culturing;

expanding the adherent cells by culturing the adherent
cells for at least three passages to produce expanded
adherent cells; and

identifying the first population of neural stem cells by
measuring the expression of the Nanog homeobox
protein (Nanog), the stage-specific embryonic anti-
gen-4 protein (SSEA-4), the octamer-binding tran-
scription factor 4 protein (OCT-4), the miR-34b, the
miR-34c and the miR-592 in the expanded adherent
cells cultured from the first population of cells,
wherein the first population of neural stem cells
expresses the Nanoq, the SSEA-4, the OCT4, the
miR-34b, the miR-34c¢ and the miR-592; and

wherein the second population of neural stem cells is

generated by

isolating the second population of cells from the
amygdala or the hippocampus of the subject’s brain
or an allogenic brain of an epileptic subject;

culturing the isolated second population of cells;

obtaining the adherent cells after culturing;

expanding the adherent cells by passaging the adherent
cells for at least three passages to produce expanded
adherent cells; and

identifying the second population of neural stem cells
by measuring the expression of the Nanoq, the
SSEA-4, the OCT-4, the miR-34b, the miR-34¢ and
the miR-592 in the expanded adherent cells cultured
from the second population of cells, wherein the
second-population of neural stem cells expresses the
Nanoq, the SSEA-4, the OCT-4, the miR-34b, the
miR-34c¢ and the miR-592; and

wherein the first population of neural stem cells over-

expresses the Nanoq, the SSEA-4, and the OCT-4 as
compared to the second population of neural stem cells,
and wherein the first population of neural stem cells
under-expresses the miR-34b and the miR-34c¢ by at
least 2.5 times as compared to a second population of
neural stem cells, and over-expresses the miR-592 by at
least 2.5 times as compared to the second population of
neural stem cells.
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2. The method of claim 1, wherein the first population of
neural stem cells is administered to the subject’s brain via
transplantation.

3. The method of claim 1, wherein the first population of
neural stem cells is administered to the amygdala region of
the subject’s brain.

4. The method of claim 1, wherein expression of the
Nanog, the SSEA-4, and the OCT-4 proteins is measured
using immunodetection using antibodies that can specifi-
cally bind the Nanog, the SSEA-4, and the OCT-4.

5. The method of claim 1, wherein the first population of
cells is isolated from the neocortex of the subject’s brain.

6. The method of claim 5, wherein the second population
of cells is isolated from the amygdala or hippocampus of the
allogenic brain from an epileptic subject.

7. The method of claim 5, wherein the second population
of cells is isolated from the amygdala or hippocampus of the
subject’s brain.

8. The method of claim 1, wherein the first population of
cells is isolated from the neocortex of the allogenic brain of
an epileptic subject.

9. The method of claim 8, wherein the second population
of cells is isolated from the amygdala or hippocampus of the
subject’s brain.

10. The method of claim 8, wherein the second population
of cells is isolated from the amygdala or hippocampus of the
allogenic brain of an epileptic subject.

11. The method of claim 1, wherein the first population of
cells is isolated from the neocortex of the allogenic brain of
a non-epileptic subject.

12. The method of claim 11, wherein the second popula-
tion of cells is isolated from the amygdala or hippocampus
of the subject’s brain.

13. The method of claim 11, wherein the second popula-
tion of cells is isolated from the amygdala or hippocampus
of the allogenic brain of an epileptic subject.

14. A method of treating temporal lobe epilepsy in a
subject in need thereof, the method comprising: administer-
ing a therapeutically effective amount of a first population of
neural stem cells to an amygdala or hippocampus region of
the subject’s brain, wherein the first population of neural
stem cells expresses a microRNA 34b (miR-34b) having a
sequence consisting essentially of the nucleic acid sequence
of SEQ ID NOs: 1 or 2, a microRNA 34c (miR-34c) having
a sequence consisting essentially of the nucleic acid
sequence of SEQ ID NO: 3, and a microRNA 592 (miR-592)
having a sequence consisting essentially of the nucleic acid
sequence of SEQ ID NO: 4, wherein the first population of
neural stem cells under-expresses the miR-34b and the
miR-34¢ by at least 2.5 times as compared to a second
population of neural stem cells, and over-expresses the
miR-592 by at least 2.5 times as compared to the second
population of neural stem cells;

wherein the first population of neural stem cells is gen-

erated by

isolating the first population of cells from the neocortex
of the subject’s brain or an allogenic brain of a
temporal lobe epileptic subject;

culturing the isolated first population of cells;

obtaining the adherent cells after culturing;

expanding the adherent cells by culturing the adherent
cells for at least three passages to produce expanded
adherent cells; and

identifying the first population of neural stem cells by
measuring the expression of the Nanog homeobox
protein (Nanog), the stage-specific embryonic anti-
gen-4 protein (SSEA-4), the octamer-binding tran-
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scription factor 4 protein (OCT-4), the miR-34b, the
miR-34c and the miR-592 in the expanded adherent
cells cultured from the first population of cells,
wherein the first population of neural stem cells express
the Nanoq, the SSEA-4, the OCT-4, the miR-34b, the
miR-34c¢ and the miR-592; and
wherein the second population of neural stem cells is
generated by
isolating the second population of cells from the
amygdala or the hippocampus of the subject’s brain
or an allogenic brain of a temporal lobe epileptic
subject;
culturing the isolated second population of cells;
obtaining the adherent cells after culturing;
expanding the adherent cells by culturing the adherent
cells for at least three passages to produce expanded
adherent cells; and
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identifying the second population of neural stem cells
by measuring the expression of the Nanoq, the
SSEA-4, the OCT-4, the miR-34b, the miR-34¢ and
the miR-592 in the expanded adherent cells cultured
from the second population of cells, wherein the
second population of neural stem cells expresses the
Nanoq, the SSEA-4, the OCT-4, the miR-34b, the
miR-34c¢ and the miR-592; and
wherein the first population of neural stem cells over-
expresses the Nanoq, the SSEA-4, and the OCT-4 as
compared to the second population of neural stem cells,
and wherein the first population of neural stem cells
under-expresses the miR-34b and the miR-34c¢ by at
least 2.5 times as compared to a second population of
neural stem cells, and over-expresses the miR-592 by at
least 2.5 times as compared to the second population of
neural stem cells.
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