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MICRORNAS AS THERAPEUTIC TARGETS FOR ISCHEMIC STROKE

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to U.S. Provisional Application Serial No. 62/660,649,

filed April 20, 2018, the entire contents of which are incorporated herein by reference.

STATEMENT OF FEDERALLY FUNDED RESEARCH

[0002] This invention was made with government support under AG042178, AG47812 and
NS105473, KO8 NS088563, and P30 HD03352 awarded by the National Institutes of Health,
National Institute of Neurological Disorders and Stroke. The government has certain rights in

the invention.

INCORPORATION-BY-REFERENCE OF MATERIALS FILED ON COMPACT DISC

[0003] The present application includes a Sequence Listing which has been submitted in ASCII
format via EFS-Web and is hereby incorporated by reference in its entirety. Said ASCII copy,
created on April 16, 2019, is named TECH2119WO_SeqList.txt and is 2 kilobytes in size.

TECHNICAL FIELD OF THE INVENTION

[0004] The present invention relates in general to the field of therapeutic targets and peripheral

biomarkers for ischemic stroke.

BACKGROUND OF THE INVENTION

[0005] Without limiting the scope of the invention, its background is described in connection

with stroke.

[0006] Stroke is the third leading cause of death in the United States and the leading cause of
serious, long-term disability. Stroke is a condition in which impeded blood flow to the brain
results in cellular death. There are two main types of stroke: hemorrhagic, due to bleeding and
trauma, and ischemic, due to a lack of blood flow. The disclosed technology will focus on the
ischemic form of stroke. Currently, the preferred method of diagnosing ischemic stroke used
radiographic imaging. While this method is quick and accurate, it is extremely expensive and the

availability of diagnostic imaging equipment will vary among clinics and hospitals.

[0007] One such patent is U.S. Patent No. 8,956,817, issued to Goel, entitled “Identification of
microRNAs (miRNAs) in fecal samples as biomarkers for gastroenterological cancers”. This
inventor teaches detection of miRNA-based biomarkers in human stool specimens, by

amplifying miRNA directly from stool specimens without any prior miRNA extraction.
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Differential expression of specific microRNAs in stool of colorectal cancer CRC and adenoma
patients using fecal microRNAs is said to be a novel biomarker for colorectal neoplasia

detection.

[0008] Another such patent is Chinese Patent Application No. CN103667445A, filed by Lei and
Wanhua, and entitled “Marker for early diagnosis of cerebral infarction and application thereof™.
These applicants are said to teach a marker for early diagnosis of cerebral infarction composed
of multiple nucleic acid molecules, that is at least one microRNA (ribonucleic acid) sequence

encoding any one of hsa-miR-106B-5P, hsa-miR-4306, hsa-miR-320e and hsa-miR-320d.

[0009] Finally, Wanhua and Zeng, in an article entitled “Circulating MicroRNAa as Novel
Potential Biomarkers for Early Diagnosis of Acute Stroke in Humans™ J. of Stroke and
Cerebrovascular Disease, Nov. 2014, teach the discovery of circulating miRNAs as a biomarker

for disease.

[0010] However, a need remains for novel targets and treatments for ischemic stroke based on

the targeting of peripheral biomarkers of ischemic stroke.

SUMMARY OF THE INVENTION

[0011] In one embodiment, the present invention includes a method to reduce or inhibit
ischemic stroke in a mammal, the method comprising: (a) selecting microRNAs to downregulate
selected from the group consisting of hsa-miR-96-5p, hsa-miR-99a-5p, hsa-miR-122-5p, hsa-
miR-186-5p, hsa-miR-211-5p, hsa-mir-760, PC-3p-57664, orPC-5p-12969; (b) selecting
microRNAs to upregulate selected from the group consisting of ggo-miR-139, hsa-miR-30d-5p,
hsa-miR-22-3p, hsa-miR-23a-3p, mmu-miR-5124a, mmu-mir-6240-5p, PC-3p-32463, or PC-5p-
211, and combinations thereof; and (c) administering one or more agent that: downregulates the
microRNAs in (a), upregulates the microRNAs in (b), or both, to the mammal in an amount
sufficient to reduce or inhibit ischemic stroke in the mammal. In one aspect, the mammal is a
human. In another aspect, the one or more agents is selected from an oligonucleotide that
modified the expression of the one or more microRNA. In another aspect, the at least one or
more oligonucleotides contains a non-naturally occurring modification comprising modifications
or substitutions of: (1) the ribose or other sugar units, (2) bases, or (3) the backbone, selected
from: one or more phosphorothioate, phosphorodithioate, phosphodiester, methyl phosphonate,
phosphoramidate, methylphosphonate, phosphotriester, phosphoroaridate, morpholino, amidate
carbamate, carboxymethyl, acetamidate, polyamide, sulfonate, sulfonamide, sulfamate,
formacetal, thioformacetal, and/or alkylsilyl substitutions, partially or completely modified

backbones, such as fully modified sugar phosphate backbone, a locked nucleic acid backbone, a
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peptidic backbone, a phosphotriester backbone, a phosphoramidate backbone, a siloxane
backbone, a carboxymethylester backbone, an acetamidate backbone, a carbamate backbone, a
thioether backbone, a bridged methylene phosphonate backbone, a phosphorothioate backbone, a
methylphosphonate backbone, an alkylphosphonate backbone, a phosphate ester backbone, an
alkylphosphonothioate backbone, a phosphorodithioate backbone, a carbonate backbone, a
phosphate triester backbone, a carboxymethyl ester backbone, a methylphosphorothioate
backbone, a phosphorodithioate backbone, a backbone having p-ethoxy linkages, sugar
modifications such as 2'-O-methyl (2'-O-methylnucleotides), 2'-O-methyloxyethoxy (2°-O-
MOE), a 2'-O-alkyl modified sugar moiety, or a bicyclic sugar moiety, nucleotide mimetics,
peptide nucleic acids (PNA), morpholino nucleic acids, cyclohexenyl nucleic acids,
anhydrohexitol nucleic acids, glycol nucleic acid, threose nucleic acid, and locked nucleic acids
(LNA), and a combinations of two or more of any of the foregoing. In another aspect, the
oligonucleotide is selected from any of hsa-miR-96-5p, hsa-miR-99a-5p, hsa-miR-122-5p, hsa-
miR-186-5p, hsa-miR-211-5p, hsa-mir-760, PC-3p-57664, orPC-5p-12969, ggo-miR-139, hsa-
miR-30d-5p, hsa-miR-22-3p, hsa-miR-23a-3p, mmu-miR-5124a, mmu-mir-6240-5p, PC-3p-
32463, or PC-5p-211, or a sequence having at least 88, 92, 93, 94, 95, 96, 97, 98, or 99%
identity with those sequences. In another aspect, the oligonucleotide targets one or more
regulatory regions that downregulate or upregulate messenger RNA transcription. In another
aspect, a profile of (a) or (b) is used to differentiate between hypoxia and ischemia. In another
aspect, the method further comprises the steps of treating the patient for ischemic stroke and
measuring the levels the miRNAs for PC-3p-57664, PC-5p-12969, hsa-miR-122-5p and hsa-
miR-211-5p to determine if they were downregulated as a result of the treatment, or the
measuring the levels the miRNAs for PC-3p-32463, PC-5p-211, ggo-miR-139, hsa-miR-30d-5p,
mmu-mir-6240-p5, hsa-miR-23a-3p to determine if they were upregulated a result of the
treatment, or both. In another aspect, the one or more agent further comprises a
pharmaceutically acceptable excipient, salts, or carrier. In another aspect, the one or more
agents is/are adapted for intravenous, intramuscular, intraperitoneal, oral, subcutaneous, enteral
or parenteral administration. In another aspect, the microRNAs targeted consist of PC-3p-
57664, PC-5p-12969, miR-30a, and miR-30d. In another aspect, the microRNAs targeted
consist of miR-122-5p, and miR-211-5p, PC-3p-57664, and PC-5p-12969.

[0012] In another embodiment, the present invention includes a method to reduce or inhibit
ischemic damage in a mammal, the method comprising: (a) selecting microRNAs to
downregulate selected from the group consisting of hsa-miR-96-5p, hsa-miR-99a-5p, hsa-miR-
122-5p, hsa-miR-186-5p, hsa-miR-211-5p, hsa-mir-760, PC-3p-57664, orPC-5p-12969; (b)

selecting microRNAs to upregulate selected from the group consisting of ggo-miR-139, hsa-
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miR-30d-5p, hsa-miR-22-3p, hsa-miR-23a-3p, mmu-miR-5124a, mmu-mir-6240-5p, PC-3p-
32463, or PC-5p-211, and combinations thereof; and (¢) administering one or more agents that
modify the expression of microRNA in (a), (b), or both, to the mammal with ischemic damage.
In one aspect, the mammal is a human. In another aspect, the one or more agents is/are selected
from an oligonucleotide that modified the expression of the one or more microRNA. In another
aspect, the at least one or more oligonucleotides contains a non-naturally occurring modification
comprising modifications or substitutions of: (1) the ribose or other sugar units, (2) bases, or (3)
the backbone, selected from: one or more phosphorothioate, phosphorodithioate, phosphodiester,
methyl phosphonate, phosphoramidate, methylphosphonate, phosphotriester, phosphoroaridate,
morpholino, amidate carbamate, carboxymethyl, acetamidate, polyamide, sulfonate,
sulfonamide, sulfamate, formacetal, thioformacetal, and/or alkylsilyl substitutions, partially or
completely modified backbones, such as fully modified sugar phosphate backbone, a locked
nucleic acid backbone, a peptidic backbone, a phosphotriester backbone, a phosphoramidate
backbone, a siloxane backbone, a carboxymethylester backbone, an acetamidate backbone, a
carbamate backbone, a thioether backbone, a bridged methylene phosphonate backbone, a
phosphorothioate backbone, a methylphosphonate backbone, an alkylphosphonate backbone, a
phosphate ester backbone, an alkylphosphonothioate backbone, a phosphorodithioate backbone,
a carbonate backbone, a phosphate triester backbone, a carboxymethyl ester backbone, a
methylphosphorothioate backbone, a phosphorodithioate backbone, a backbone having p-ethoxy
linkages, sugar modifications such as 2'-O-methyl (2'-O-methylnucleotides), 2'-O-
methyloxyethoxy (2°-O-MOE), a 2'-O-alkyl modified sugar moiety, or a bicyclic sugar moiety,
nucleotide mimetics, peptide nucleic acids (PNA), morpholino nucleic acids, cyclohexenyl
nucleic acids, anhydrohexitol nucleic acids, glycol nucleic acid, threose nucleic acid, and locked
nucleic acids (LNA), and a combinations of two or more of any of the foregoing. In another
aspect, the oligonucleotide is selected from any of hsa-miR-96-5p, hsa-miR-99a-5p, hsa-miR-
122-5p, hsa-miR-186-5p, hsa-miR-211-5p, hsa-mir-760, PC-3p-57664, orPC-5p-12969, ggo-
miR-139, hsa-miR-30d-5p, hsa-miR-22-3p, hsa-miR-23a-3p, mmu-miR-5124a, mmu-mir-6240-
5p, PC-3p-32463, or PC-5p-211, or a sequence having at least 88, 92, 93, 94, 95, 96, 97, 98, or
99% identity with those sequences. In another aspect, the oligonucleotide targets one or more
regulatory regions that downregulate or upregulate messenger RNA transcription. In another
aspect, a profile of (a) or (b) is used to differentiate between hypoxia and ischemia. In another
aspect, the method further comprises the steps of treating the patient for ischemic stroke and
measuring the levels the miRNAs for PC-3p-57664, PC-5p-12969, hsa-miR-122-5p and hsa-
miR-211-5p to determine if they were downregulated as a result of the treatment, or the

measuring the levels the miRNAs for PC-3p-32463, PC-5p-211, ggo-miR-139, hsa-miR-30d-5p,
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mmu-mir-6240-p5, hsa-miR-23a-3p to determine if they were upregulated a result of the
treatment, or both. In another aspect, the one or more agents further comprises a
pharmaceutically acceptable excipient, salts, or carrier. In another aspect, the one or more
agents is adapted for intravenous, intramuscular, intraperitoneal, oral, subcutaneous, enteral or
parenteral administration. In another aspect, the microRNAs targeted consist of PC-3p-57664,
PC-5p-12969, miR-30a, and miR-30d. In another aspect, the microRNAs targeted consist of
miR-122-5p, miR-211-5p, PC-3p-57664, and PC-5p-12969.

[0013] In yet another embodiment, the present invention includes a method of detecting
microRNAs from a subject, the method comprising: (a) measuring in a blood sample the level of
microRNAs selected from the group consisting of hsa-miR-96-5p, hsa-miR-99a-5p, hsa-miR-
122-5p, hsa-miR-186-5p, hsa-miR-211-5p, hsa-mir-760, PC-3p-57664, or PC-5p-12969; or (b)
measuring in a blood sample the level of microRNAs selected from the group consisting of ggo-
miR-139, hsa-miR-30d-5p, hsa-miR-22-3p, hsa-miR-23a-3p, mmu-miR-5124a, mmu-mir-6240-
5p, PC-3p-32463, or PC-5p-211, and combinations thereof, (¢) determining if: the level of
microRNAs in (a) is upregulated when compared to normal samples; the level of microRNAs in
(b) is downregulated when compared to normal samples; and (d) displaying the results for (a)
and (b). In one aspect, the method further comprises the step of selecting between a treatment

for hypoxia or ischemia depending on the results displayed in (d).

[0014] In another embodiment, the present invention includes a method of diagnosing a subject
with a stroke, the method comprising: (a) measuring in a blood sample the level of microRNAs
selected from the group consisting of hsa-miR-96-5p, hsa-miR-99a-5p, hsa-miR-122-5p, hsa-
miR-186-5p, hsa-miR-211-5p, hsa-mir-760, PC-3p-57664, or PC-5p-12969; or (b) measuring in
a blood sample the level of microRNAs selected from the group consisting of ggo-miR-139, hsa-
miR-30d-5p, hsa-miR-22-3p, hsa-miR-23a-3p, mmu-miR-5124a, mmu-mir-6240-5p, PC-3p-
32463, or PC-5p-211, and combinations thereof; (¢) determining if: the level of one or more
microRNAs in (a) is upregulated when compared to normal samples; the level of one or more
microRNAs in (b) is downregulated when compared to normal samples, or both, wherein the

presence of (a), (b), or both is indicative that the subject had a stroke.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] For a more complete understanding of the features and advantages of the present
invention, reference is now made to the detailed description of the invention along with the

accompanying figures and in which:
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[0016] FIG. 1 is a heat map of the hierarchical cluster analysis of differentially expressed
miRNAs between ischemic stroke patients and healthy controls detected by deep Sequencing.
The color indicates the log2-fold change from high (red) to low (green), as indicated by the color
key.

[0017] FIG. 2A shows the validation of candidate miRNAs in serum samples by qRT-PCR.
Significantly deregulated miRNA expression in IS versus the healthy controls. The y-axis
depicts LnACq. p-values were determined by Mann-Whitney test.

[0018] FIG. 2B shows the validation of serum miRNAs using postmortem IS brains by qRT-
PCR. Box plots of LnACq values of significant serum miRNAs in IS brains compared to healthy

control brains.

[0019] FIG. 2C shows the validation of the expression of 16 miRNAs identified from
sequencing data employing lymphoblastoid IS cell lines and healthy control cell lines using

qRT-PCR.

[0020] FIGS. 3A and 3B show: (FIG. 3A) MicroRNAs expression in OGD/R treated human
neuroblastoma cells (SH-SY5Y) by qRT-PCR. Data are presented as the meantSD of three
independent experiments, and (FIG. 3B) MicroRNAs expression in OGD/R treated mouse
neuroblastoma cells (N2a) by qRT-PCR.

[0021] FIG. 4 shows quantitative RT-PCR analysis of miRNAs in hippocampus region of stroke

-AACT

hypoxia ischemia model. Fold change was calculated by 2 method. Significant difference

among groups were calculated by paired t-test with two-tailed P<0.05 is considered significant.

[0022] FIGS. 5A to 5D show receiver operating characteristics curve analysis of serum miRNAs
as diagnostic biomarkers differentiating IS patients from healthy controls. FIG. 5A Serum, FIG.
5B postmortem IS brains, FIG. 5C IS lymphoblastoid IS cell lines, and FIG. 5D HI stroke mouse
model (Hippocampus).

[0023] FIG. 6 is a graph that shows the effect on cells overexpressed with microRNA PC-5P-
12969 exhibited increased cell survival and reduced apoptotic cell death relative to untreated
cells, indicating that microRNA PC-5P-12969 is protective in normal condition, as measured

with a 3-(4,5-dimethylthiazol-2-y1)-2,5-diphenyltetrazolium bromide (MTT) assay.

[0024] FIGS. 7A to 7F are graphs that show cells overexpressed with PC-5P-12969 microRNA
and treated with oxygen glucose deprivation (similar to ischemic stroke) showed significantly
increased cell survival and significantly reduced apoptotic cell death relative to oxygen glucose

deprivation treated cells. FIG. 7A Normal Control Cells, FIG. 7B Cells + Agomir, FIG. 7C
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Cells + Antagomir, FIG. 7D OGD treated Cells, FIG. 7E Cells + Agomir + OGD, and FIG. 7F
Cells + Antagomir + OGD.

[0025] FIGS. 8A to 8C are graphs that show the levels of expression of, FIG. 8A GSK3A, FIG.
8B PARK2, and FIG. 8C HTRAZ2.

DETAILED DESCRIPTION OF THE INVENTION

[0026] While the making and using of various embodiments of the present invention are
discussed in detail below, it should be appreciated that the present invention provides many
applicable inventive concepts that can be embodied in a wide variety of specific contexts. The
specific embodiments discussed herein are merely illustrative of specific ways to make and use

the invention and do not delimit the scope of the invention.

[0027] To facilitate the understanding of this invention, a number of terms are defined below.
Terms defined herein have meanings as commonly understood by a person of ordinary skill in

€LY G
a

the areas relevant to the present invention. Terms such as “a”, “an” and “the” are not intended to
refer to only a singular entity, but include the general class of which a specific example may be
used for illustration. The terminology herein is used to describe specific embodiments of the

invention, but their usage does not limit the invention, except as outlined in the claims.

[0028] Unless defined otherwise, all technical and scientific terms used herein generally have
the same meaning as commonly understood by one of ordinary skill in the art to which this
invention belongs. Generally, the nomenclature used herein and the laboratory procedures in
cell culture, molecular genetics, organic chemistry, organic synthesis, nucleic acid chemistry and
nucleic acid hybridization are those well known and commonly employed in the art. Further,
standard techniques can be used for nucleic acid and peptide synthesis. Such techniques and
procedures are generally performed according to conventional methods known in the art and
from various general references (e.g., Sambrook and Russell, 2012, Molecular Cloning, A
Laboratory Approach, Cold Spring Harbor Press, Cold Spring Harbor, N.Y., and Ausubel et al.,
2012, Current Protocols in Molecular Biology, John Wiley & Sons, NY), relevant portions

incorporated herein by reference.

[0029] Conventional notations are used herein to describe polynucleotide sequences, e.g., the
left-hand end of a single-stranded polynucleotide sequence is the 5'-end and vice versa for the
3’-end (right-hand end); the left-hand direction of a double-stranded polynucleotide sequence is
referred to as the 5'-direction and vice versa for the 3’-direction (right-hand direction), with
regard to sequences, such as those that become coding sequences. The direction of 5' to 3'

addition of nucleotides to nascent RNA transcripts is referred to as the transcription direction.
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The DNA strand having the same sequence as an mRNA is referred to as the “coding strand”.
Sequences on the DNA or RNA strand that are located 5' to a reference point on the DNA or
RNA are referred to as “upstream sequences”, and sequences on the DNA or RNA strand that

are 3' to a reference point on the DNA or RNA are referred to as “downstream sequences.”

[0030] As used herein, the term “antisense” refers to an oligonucleotide having a sequence that
hybridizes to a target sequence in RNA by Watson-Crick base pairing, to form an
RNA:oligonucleotide heteroduplex with the target sequence, typically with an mRNA or pre-
mRNA. The antisense oligonucleotide may have exact sequence complementarity to the target
sequence or near complementarity. These antisense oligonucleotides may block or inhibit
translation of the mRNA, and/or modify the processing of an mRNA to produce a splice variant
of the mRNA. It is not necessary that the antisense sequence be complementary solely to the
coding portion of the RNA molecule. The antisense sequence may be complementary to
regulatory sequences specified on the non-coding region of an RNA molecule (e.g. introns,
untranslated regions) encoding a protein, which regulatory sequences control expression of the
coding sequences. Antisense oligonucleotides are typically between about 5 to about 100
nucleotides in length, more typically, between about 7 and about 50 nucleotides in length, and

even more typically between about 10 nucleotides and about 30 nucleotides in length.

[0031] As used herein, the term “nucleic acid” or a “nucleic acid molecule” refer to any DNA or
RNA molecule, either single or double stranded, whether in linear or circular form. With
reference to nucleic acids of the present invention, the term “isolated nucleic acid”, when
applied to DNA or RNA, refers to a DNA or RNA molecule that is separated from sequences
with which it is immediately contiguous in the naturally occurring genome or gene products of
the organism in which it originated. For example, an “isolated nucleic acid” may comprise a
DNA molecule inserted into a vector, such as a plasmid or virus vector, or integrated into the

genomic DNA of a prokaryotic or eukaryotic cell or host organism.

[0032] As used herein, the terms “specifically hybridizing” or “substantially complementary”™
refer to the association between two nucleotide molecules of sufficient complementarity to
permit hybridization under pre-determined conditions generally used in the art. Examples of
low, middle or intermediate and high stringency hybridization conditions are well known to the
skilled artisan, e.g., using Sambrook and Russell, 2012, Molecular Cloning, A Laboratory
Approach, Cold Spring Harbor Press, Cold Spring Harbor, N.Y ., or Ausubel et al., 2012, Current
Protocols in Molecular Biology, John Wiley & Sons, NY, relevant portions incorporated herein

by reference.
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[0033] As used herein, the phrase “chemically modified oligonucleotide” refers to a short
nucleic acid (DNA or RNA) that can be a sense or antisense that includes modifications or
substitutions of: (1) the ribose or other sugar units, (2) bases, or (3) the backbone, which in
nature is composed of phosphates, as are known in the art. Non-limiting examples of
modifications or nucleotide analogs include, without limitation, nucleotides with phosphate
modifications comprising one or more phosphorothioate, phosphorodithioate, phosphodiester,
methyl phosphonate, phosphoramidate, methylphosphonate, phosphotriester, phosphoroaridate,
morpholino, amidate carbamate, carboxymethyl, acetamidate, polyamide, sulfonate,
sulfonamide, sulfamate, formacetal, thioformacetal, and/or alkylsilyl substitutions (see, e.g.,
Hunziker and Leumann (1995) Nucleic Acid Analogues: Synthesis and Properties, in Modemn
Synthetic Methods, VCH, 331-417; Mesmaeker et al. (1994) Novel Backbone Replacements for
Oligonucleotides, in Carbohydrate Modifications in Antisense Research, ACS, 24-39);
nucleotides with modified sugars (see, e.g., U.S. Patent Application Publication No.
2005/0118605) and sugar modifications such as 2'-O-methyl (2'-O-methylnucleotides) and 2'-O-
methyloxyethoxy (2°-O-MOE), a 2'-O-alkyl modified sugar moiety, or a bicyclic sugar moiety,
and nucleotide mimetics such as, without limitation, peptide nucleic acids (PNA), morpholino
nucleic acids, cyclohexenyl nucleic acids, anhydrohexitol nucleic acids, glycol nucleic acid,
threose nucleic acid, and locked nucleic acids (LNA), as well as partially or completely modified
backbones, such as fully modified sugar phosphate backbone, a locked nucleic acid backbone, a
peptidic backbone, a phosphotriester backbone, a phosphoramidate backbone, a siloxane
backbone, a carboxymethylester backbone, an acetamidate backbone, a carbamate backbone, a
thioether backbone, a bridged methylene phosphonate backbone, a phosphorothioate backbone, a
methylphosphonate backbone, an alkylphosphonate backbone, a phosphate ester backbone, an
alkylphosphonothioate backbone, a phosphorodithioate backbone, a carbonate backbone, a
phosphate triester backbone, a carboxymethyl ester backbone, a methylphosphorothioate
backbone, a phosphorodithioate backbone, a backbone having p-ethoxy linkages, and a
combinations of two or more of any of the foregoing (see, e.g., U.S. Pat. Nos. 5,886,165;
6,140,482: 5.693,773: 5.856,462; 5973,136; 5.929.226. 6,194,598: 6,172,209; 6,175,004:
6,166,197: 6,166,188; 6,160,152; 6,160,109 6,153,737; 6,147.200; 6,146,829; 6,127,533; and
6,124,445, relevant portions incorporated herein by reference).

[0034] As used herein, the term “expression cassette” refers to a nucleic acid molecule

comprising a coding sequence operably linked to promoter/regulatory sequences necessary for

transcription, processing and, optionally, translation or splicing of the coding sequence.
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[0035] As used herein, the term “‘promoter/regulatory sequence” refers to a nucleic acid
sequence that is required for expression of a gene product operably linked to the
promoter/regulator sequence. In some instances, the promoter/regulatory sequence may be the
core promoter sequence and in other instances, this sequence may also include an enhancer
sequence and other regulatory elements that are required for expression of the gene product. The
promoter/regulatory sequence may be, for example, a sequence that drives the expression of a

gene product in a constitutive and/or inducible manner.

[0036] As used herein, the term “inducible promoter” refers to a nucleotide sequence which,
when operably linked with a polynucleotide which encodes or specifies a gene product, causes
the gene product to be produced substantially only when an inducer which corresponds to the

promoter is present.

[0037] As used herein, the terms “percent similarity”, “percent identity” and “percent
homology”, when referring to a comparison between two specific sequences, identify the
percentage or bases that are the same along a particular sequence. The percentage of similarity,
identify or homology can be calculated using, e.g., the University of Wisconsin GCG software
program or equivalents.

2

[0038] As used herein, the term “oligonucleotide,” refers to a nucleic acid strand, single or
double stranded that has a length that is, typically, less than a coding sequence for a gene, e.g.,
the oligonucleotide will generally be at least 4-6 bases or base-pairs in length, and up to about
200, with the most typical oligonucleotide being in the range of 8-20, 10-25, 12-30, or about 30,
35, 40, or 50 bases or base-pairs. The exact size of the oligonucleotide will depend on various
factors and on the particular application and use of the oligonucleotide, which can be varied as
will be known to the skilled artisan without undue experimentation following the teachings
herein and as taught in, e.g., Sambrook and Russell, 2012, Molecular Cloning, A Laboratory
Approach, Cold Spring Harbor Press, Cold Spring Harbor, N.Y ., or Ausubel et al., 2012, Current

Protocols in Molecular Biology, John Wiley & Sons, NY, relevant portions incorporated herein

by reference.

[0039] As used herein, the term “treatment”, refers to reversing, alleviating, delaying the onset
of, inhibiting the progress of, and/or preventing a disease or disorder, or one or more symptoms
thereof, to which the term is applied in a subject, e.g., ischemic stroke. In some embodiments,
the treatment may be applied after one or more symptoms have developed. In other
embodiments, treatment may be administered in the absence of symptoms. For example,

treatment may be administered prior to symptoms (e.g., in light of a history of symptoms and/or
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one or more other susceptibility factors), or after symptoms have resolved, for example to

prevent or delay their reoccurrence.

[0040] As used herein, the terms “effective amount” and “pharmaceutically effective amount™
refer to a sufficient amount of an agent to provide the desired biological result. Preferably, the
sufficient amount of the agent does not induce toxic side effects. The present invention should
lead to a reduction and/or alleviation of the signs, symptoms, or causes of ischemic stroke. An
appropriate effective amount in any individual case may be determined by one of ordinary skill

in the art using routine experimentation.

[0041] The present invention may be provided in conjunction with one or more
“pharmaceutically acceptable™ agents, carriers, buffers, salts, or other agents listed in the U.S.
Pharmacopeia or other generally recognized pharmacopeia for use in animals, and more
particularly in humans, which generally indicates approval by a regulatory agency of the Federal
government or a state government. Typical pharmaceutically acceptable formulations for use
with oligonucleotides include but are not limited to salts such as: calcium chloride dihydrate (US
Pharmacopeia (USP)), magnesium chloride hexahydrate USP, potassium chloride USP, sodium
chloride USP; and may include buffers such as” sodium phosphate dibasic anhydrous USP,
sodium phosphate monobasic dihydrate USP, and water USP. Typically, the pH of the product
may be modified using hydrochloric acid or sodium hydroxide to a pH of ~6.8, 6.9, 7.0, 7.1, or
7.2.

[0042] MicroRNAs (miRNAs) are involved in growth, development, and occurrence and
progression of many diseases. MIRNA mediated post-transcriptional regulation is poorly
understood in vascular biology and pathology. The purpose of our study is to determine
circulatory miRNAs as early detectable peripheral biomarkers in patients with ischemic stroke
(IS). MiRNAs expression levels were measured in IS serum samples and healthy controls using
Illumina deep sequencing analysis and identified differentially expressed miRNAs.
Differentially expressed miRNAs were further validated using SYBR-green based quantitative
real-time PCR assay (qQRT-PCR) in postmortem IS brains, lymphoblastoid IS cell lines, OGD/R
treated human and mouse neuroblastoma cells, and mouse models of hypoxia and ischemia (HI)
induced stroke. A total of 4,656 miRNAs were differentially expressed in IS serum samples
relative to healthy controls. Out of 4,656 miRNAs, 272 were found to be significantly
deregulated in IS patients. Interestingly, the inventors found several novel and previously
unreported miRNAs in IS patients relative to healthy controls. Further analyses revealed that
some candidate miRNAs and its target genes were involved in the regulation of the stroke. This

is the first study identified potential novel candidate miRNAs in IS serum samples from the
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residents of rural West Texas. It is shown herein that the miRNAs identified in the present study

can be used both as biomarkers and for targeted therapeutics for stroke.

[0043] Stroke is a common neurological disease with diverse etiologies that occurs when the
blood supply to the brain is interrupted, resulting in a shortage of oxygen and nutrients to brain
tissue. Due to multifactorial nature, stroke may be classified as a syndrome, not as a single
disease. Stroke is the second leading cause of death globally and third leading cause of
disability-adjusted life years worldwide (1, 2). An estimated 7.2 million Americans >20 years of
age self-report having had a stroke and approximately 795000 strokes occur in the United States
each year. On average, every 40 seconds, someone in the United States has a stroke, and on
average, every 4 minutes, someone dies of a stroke. Prevalence of stroke in the United States
increases with age in both men and women (3). Ischemic stroke (IS) is described as a lack of
blood supply and oxygen availability to an area of the brain due to narrowed or blocked arteries
leading to or within the brain and the most predominant type of stroke accounting for
approximately 87% of stroke cases (4). Stroke doubles the risk for dementia (post-stroke
dementia), and approximately 30% of stroke patients go on to develop cognitive dysfunction

within 3 years (5, 6).

[0044] Biomarkers might be useful in identifying different diseases, such as stroke, cancer,
diabetes, and disease severity (7, 8). Identification of biomarkers can inform researchers in their
attempts to develop early detectable peripheral biomarkers and could contribute to a better
understanding of the etiologies and mechanisms underlying particular diseases, such as stroke.
Recent molecular biology discoveries have revealed that microRNAs (miRNAs) can detect
changes in the bodily organs, including brain that may lead to IS. MiRNAs are important post-
transcriptional regulators that connect with multiple target messenger RNAs coordinately
regulating target genes. MiRNAs have also been found to be important regulators of leukocyte
gene expression in acute IS cases (9). Many studies showed that miRNAs altered after central
nervous system injury moderate processes that stimulate neuronal death with inflammation,
apoptosis and oxidative stress (10, 11). Furthermore, miRNAs can act as sensitive biomarkers of
secondary brain damage. Studies also suggested that peripheral blood miRNAs and their profiles
could be developed as diagnostic and prognostic biomarkers of IS, as well as serving as
innovative targets in the treatment of this disease (12). Clinical approaches accessible for the
diagnosis and prognosis of stroke were restricted to radiological imaging, which was with
limited availability and higher cost. Diagnosis of early stage of stroke and its development could
be improved through the finding of new biomarkers. MiRNA mediated post-transcriptional

regulation is poorly understood in vascular biology and pathology. However, there are no
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drugs/agents and peripheral biomarkers available that can delay and/or detect IS in humans.
Hence, identification of blood-based early detectable miRNAs could contribute to a better

understanding of the etiologies and mechanisms underlying IS.

[0045] The present inventors determined which miRNAs as early detectable biomarkers in
serum samples from IS patients relative to healthy controls. The inventors used miRNA deep
sequencing method and validated differentially expressed miRNAs using quantitative real-time
PCR (qRT-PCR). Further, the inventors validated the selected miRNAs using postmortem IS
brains, lymphoblastoid IS cell lines, oxygen and glucose deprivation/reoxygenation (OGD/R)
treated human (SH-SY5Y) and mouse neuroblastoma (N2a) cells and hypoxia and ischemia (HI)
induced stroke mouse model. Finally, the inventors demonstrate the results from targeting the

biomarkers for the treatment of IS.

[0046] Example 1. miRNAs as early detectable biomarkers in serum samples from ischemia

patients.

[0047] Differentially expressed miRNA profile by deep sequencing. Illumina deep sequencing
analysis of serum samples provided a total of 484,651,777 raw RNA reads. Among these,
341,678,616 (70.5%) were mapped to miRNAs, and 39,890,853 reads were mapped to mRNA
and 24,723,087 reads were mapped to other RNAs (RFam: rRNA, tRNA, snRNA, snoRNA and
others) (data not shown). Based on the size distribution of all known miRNAs, 15-32 nucleotide
(nt) reads were selected as ‘mappable reads’ for further analysis (data not shown). Of these
reads, 87.6% of the small RNAs were 17-22 nt in size, which is typical miRNA sizes produced
by RNA Dicer-digested products. The mappable reads sequences were subjected to advance
bioinformatics analysis and to simplify the data from sequencing, all identical sequence reads

were grouped and then assigned a unique sequence tag (data not shown).

[0048] The miRNA sequencing analysis revealed/detected a total of 4,656 miRNAs in serum
samples of IS patients versus healthy controls. Among them, 272 miRNAs were differentially
deregulated (FC £2, P < 0.05) in IS patients, compared to healthy controls. Interestingly, 173
miRNAs were significantly upregulated, while 76 were found to be significantly down-regulated

in IS patients.

[0049] Hierarchical clustering performed with differentially expressed miRNAs, revealed that
miRNA expression patterns were able to classify individuals according to their disease status.
Among these miRNAs, the inventors identified 16 miRNAs that were differentially expressed
between the IS patients and healthy controls and where number of reads 10 in either IS patients
or healthy controls were detected and at least a meaningful £2-fold change between the group

was identified (FIG.1).
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[0050] Validation of candidate miRNAs in serum samples by real-time RT-PCR. The inventors
validated 16 miRNAs using real-time RT-PCR analysis in same RNA samples that were used for
deep sequencing analysis. A few known and several novel and previously unreported miRNAs
were found in IS serum samples. Of the 16 miRNAs differentially expressed between IS patients
and healthy controls in the discovery cohort, the validation studies found that 4 miRNAs PC-3p-
57664 (P=0.01), PC-5p-12969 (P=0.04), hsa-miR-122-5p (P=0.01), hsa-miR-211-5p (P=0.03)
were significantly upregulated in IS patients compared with healthy controls. Whereas 4
miRNAs, hsa-miR-22-3p (P=0.01), PC-3p-32463 (P=0.0001), hsa-miR-30d-5p (P=0.0009), hsa-
miR-23a-3p (P=0.03) were significantly down-regulated in the same comparison (FIG. 2A).

[0051] Validation of serum miRNAs using postmortem IS brains. The inventors analyzed the
expression of above selected 16 miRNAs in the postmortem IS brains (n=10) and control brains
(n=10) by real-time RT-PCR (data not shown). Analysis showed that, four miRNAs; PC-3p-
57664 (P=0.04), PC-5p-12969 (P=0.006), hsa-miR-122-5p (P<0.0001) and hsa-miR-211-5p
(P<0.0001) were consistently upregulated and three miRNAs, PC-3p-32463 (P=0.01), hsa-miR-
30d-5p (P=0.01) and hsa-miR-23a-3p (P=0.03) were significantly down-regulated in the IS
brains compared with control brains (FIG. 2B). The expression of PC-3p-57664, PC-5p-12969,
hsa-miR-122-5p, hsa-miR-211-5p were the most significantly upregulated in both the IS serum
and postmortem IS brains, suggesting that these upregulated miRNAs are relevant to IS - in

terms of early detection and disease progression.

[0052] Validation of serum miRNAs using lymphoblastoid IS cell lines. To further validate the
miRNA sequencing data, expression of 16 miRNAs were measured in lymphoblastoid cell line
strains (LCL) by real-time RT-PCR (data not shown). Seven miRNAs, mmu-mir-6240-p5
(P=0.007), ggo-miR-139 (P=0.002), hsa-mir-760 (P=0.001), PC-3p-57664 (P=0.0009), PC-5p-
12969 (P=0.02), hsa-miR-122-5p (P=0.03) and hsa-miR-211-5p (P<0.0001) were upregulated in
IS LCL compared with control LCL strains. PC-3p-32463 (P=0.01) and hsa-miR-30d-5p
(P=0.01) were significantly down-regulated in the IS LCL strains (FIG. 2C). These results
further confirmed the significant response of these four miRNAs; PC-3p-57664, PC-5p-12969,
hsa-miR-122-5p, hsa-miR-211-5p in IS pathogenesis.

[0053] miRNAs expression in OGD treated cells Human neuroblastoma cells (SH-SY5Y). To
determine the involvement of miRNA expression in hypoxic-ischemic induced neuronal death,
OGD-stimulated human neuroblastoma cells was monitored. The inventors selected 16 miRNAs
for analysis based on a number of factors including, their expression levels in IS serum,
postmortem IS brains and IS LCL strains. PC-5p-211 (P=0.006), ggo-miR-139 (P=0.001), hsa-
mir-760 (P=0.02), hsa-miR-96 (P=0.0007), hsa-miR-99a-5p (P=0.0004), PC-3p-57664 (P=0.01),
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PC-5p-12969 (P=0.01), hsa-miR-122-5p (P=0.0006), hsa-miR-211-5p (P=0.001) were increased
significantly in human neuroblastoma cells following OGD/R exposure compared to control
cells (FIG. 3A). Mmu-miR-5124a (P=0.03), PC-3p-32463 (P=0.0003) were significantly down-
regulated in the OGD treated cells.

[0054] Mouse neuroblastoma (N2a) cells. The inventors further evaluated the miRNA
expression profiles of the OGD/R-activated N2a cells. To test the hypothesis, the inventors
selected 12 miRNAs. In these, 9 miRNAs that exhibited significantly altered expression levels
between the hypoxic and normoxic conditions. PC-3p-57664 (P=0.04), PC-5p-12969 (P=0.005),
mmu-miR-122-5p (P=0.002), mmu-miR-211-5p (P=0.04) were upregulated significantly in
mouse neuroblastoma cells following OGD exposure compared to normoxia treated cells (FIG.
3B). Mmu-miR-5124a (P=0.01), PC-3p-32463 (P=0.002) were significantly down-regulated in
the OGD treated cells.

[0055] Differential expression of miRNAs in the brain of hypoxia and ischemia (HI) induced
neonatal mice. To verify the accuracy of miRNA sequencing results, the inventors selected 11
miRNAs for further validation in brains of hypoxia and ischemia induced mouse models. The
inventors studied 4 different brain regions, including hippocampus, striatum, cerebral cortex and
cerebellum from HI induced neonatal and control, naive mice. Out of 11 miRNAs, the following
five miRNAs mmu-miR-211-5p (P=0.003), PC-5p-211 (P=0.02), PC-3p-57664 (P=0.02), PC-
5p-12969 (P=0.0005), mmu-miR-122-5p (P=0.002) were significantly upregulated in the

hippocampus of HI mice when compared with that of naive control mice (FIG. 4).

[0056] Receiver operating characteristics (ROC) curve analysis. Expression of four miRNAs
(PC-3p-57664, PC-5p-12969, hsa-miR-122-5p, hsa-miR-211-5p) consistently upregulated
throughout the validation analysis. Therefore, the inventors evaluated the diagnostic value of
these four miRNAs by plotting ROC curve in IS serum, postmortem IS brains, LCL strains and
HI stroke mouse models. The curves were plotted based on the ACt value of candidate miRNAs
expression in different sources. Upon analysis, PC-3p-57664 (AUROC=0.76; 95% CI: 0.571-
0.953; P=0.01), PC-5p-12969 (AUROC=0.80; 95% CI: 0.6053-0.996; P=0.006), hsa-miR-122-
5p (AUROC=0.72; 95% CI: 0.569-0.874; P=0.03), hsa-miR-211-5p (AUROC=0.72; 95% CI:
0.533-0.919; P=0.04) showed significant area under curve in IS serum samples compared with
the healthy controls. The same trend was observed in postmortem IS brains, IS LCL strains as
well in the HI stroke mice (FIGS. 5A-D). Thus, ROC analysis confirmed that the profile of the
four serum miRNAs could be a simple, specific, and noninvasive molecular biomarker for

diagnosing IS.
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[0057] The present inventors identified early detectable peripheral biomarkers for IS in the
residents of rural West Texas. MiRNAs have been identified as circulating biomarkers in several
diseases, including IS (13-15). The inventors used illumina deep sequencing and further
validation analysis revealed that 16 circulating miRNAs that distinguishes between IS patients
and healthy controls. Of the 16 miRNAs differentially expressed between IS patients and healthy
controls, 12 miRNAs are previously reported in stroke and other diseases and four miRNAs are
novel and unreported miRNAs. As of yet, no study is reported to validate the expression of
these miRNAs in postmortem IS brains, IS LCL strains, OGD/R treated human and mouse
neuroblastoma cells and HI stroke mice. For the first time, the inventors identified the novel
miRNAs (PC-3p-57664, PC-5p-12969) in IS serum samples from the residents of rural West
Texas and verified their expression in mice as well. MiRNAs are cell specific, interestingly these
novel candidates were consistently upregulated in all stroke sources and showed a strong

correlation with stroke pathology. Hence, these miRNAs provide unique biomarkers for stroke.

[0058] Chen and Zhang (2010), identified the variant rs2507800 in the 3'- untranslated region of
angiopoietin-1 that might reduce the risk of stroke by interfering with hsa-miR-211 binding site
(16). Interestingly in these results, hsa-miR-211-5p was upregulated in IS patients. Hsa-miR-122
was identified to be related to human stroke based on the Human MicroRNA Disease Database
(17). Another study investigated miRNA expression profile and found that miR-122 was down-
regulated (18). Jickling et al. (2014) identified miR-122 were decreased in acute IS patients
compared to controls (9). Hsa-miR-23a and hsa-miR-22 were significantly down-regulated in
stroke patients (19). MiR-23a levels differed in male and female ischemic brains, providing
evidence for sex-specific miRNA expression in stroke (20). Hypertension is a well-established
risk factor for stroke. Several studies showed that miRNAs were known to impact the state of
hypertension directly or indirectly. In another research, miR-30d was down-regulated known to
be involved in hypertension (21). Interestingly, in this study it was also found that miR-30d was
down-regulated, which clearly meant there was a link between stroke and hypertension. A study
by Long et al. (2013) identified that circulating miR-30a was markedly down-regulated in all
patients with IS until 24 weeks (22).

[0059] Postmortem human brain tissue was being used for quantifying cellular and molecular
markers of neural courses with the area of improved understanding the variations in the brain
caused by neurological diseases (23). However, the miRNA expression levels and molecular
characterizations were not investigated using postmortem IS brains. This is the first study to
validate the miRNAs using postmortem IS brain specimens. MiRNAs PC-3p-57664, PC-5p-
12969, hsa-miR-122-5p and hsa-miR-211-5p were consistently upregulated and PC-3p-32463,
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PC-5p-211, ggo-miR-139, hsa-miR-30d-5p, mmu-mir-6240-p5, hsa-miR-23a-3p were
significantly down-regulated in the IS brains.

[0060] A recent study reported that a decrease of brain miRNA-122 level was deleterious and
could be considered as an early marker of stroke in the stroke-prone spontaneously hypertensive
rat (24). Elevating miR-122 improves stroke outcomes and this occurred via down-regulating
miR-122 target genes in blood leukocytes (25). Down-regulation of miRNA-30a improves
ischemic injury through enhancing beclin 1-mediated autophagy in N2a cells and cultured

cortical neurons after OGD, and mouse brain with MC AO-induced ischemic stroke (26).

[0061] Lymphoblastoid cell lines are the biological resources that have been used in various
research fields related to human genetics, pharmacogenomics and immunology (27, 28). LCLs
have the potential to disclose at least a subset of brain-related miRNAs implicated in stroke.
Hypoxia induces time-dependent alteration of the expression levels of miRNAs suggesting their
involvement in the cellular response to ischemic injury (29). In the present study, the inventors
performed miRNA expression in IS LCL strains and OGD/R on human and mouse
neuroblastoma cells to mimic ischemia in vitro. This is the first study to examine the roles of

miRNA expression variations in IS LCLs.

[0062] MiRNAs have essential roles in brain function, including neurogenesis, neural
development, and cellular responses leading to changes in synaptic plasticity. They are also
implicated in neurodegeneration and neurological disorders, in responses to hypoxia and
ischemia, and in ischemic tolerance induced by ischemic preconditioning (30). Expression levels
of few miRNAs could be differently modulated in both in vivo and in vifro experimental models
(25, 31). The inventors assessed the expressions of 11 miRNAs using a Hypoxia and ischemia
induced in postnatal day nine (P9) C57BL/6J mice. Hippocampal region of the HI induced
neonatal mouse brain showed the most consistent differential expression of miRNA compared to
other regions. A recent global expression of miRNAs in a P10 rat model of cerebral HI, found
that miR-30d-5p was one of the most deregulated miRNAs in neonatal brains in response to HI.
Collectively, these results indicated that miR-30d-5p modulated survival programs of neural cell

by regulating autophagy and apoptosis (32).

[0063] The miRNAs identified in the present study have implications for both consequences and
risk factors of stroke. In the current study, the inventors investigated serum samples from
ischemic stroke patients and identified that differentially expressed miRNAs are the
consequence of disease process, and that these differentially miRNAs can be used to target novel

therapeutic targets for ischemic stroke, as described herein.
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[0064] In summary, miRNA sequencing analysis of IS serum samples showed significant
deregulation of sixteen miRNAs. Among 16 miRNAs, four miRNAs: PC-3p-57664, PC-5p-
12969, hsa/mmu-miR-122-5p, hsa/mmu-miR-211-5p were almost consistently upregulated in
human IS serum samples, human postmortem IS brain specimens, human lymphoblastoid IS cell
lines, OGD/R treated human and mouse neuroblastoma cells and HI stroke mouse models. ROC
curve analysis in serum and postmortem brain also confirmed their diagnostic potential for
stroke. Further, GO and KEGG pathway analysis showed the regulation of many stroke related
genes and pathways by these miRNAs. Based on intense analysis, the inventors conclude that
circulatory levels of PC-3p-57664, PC-5p-12969, miR-122-5p, miR-211-5p are biomarkers for
the diagnosis of IS.

[0065] Enrollment of study samples. For the present study, 34 IS patients (13 males, 21
females: mean age of 62.88+11.94 years) and 11 healthy controls (5 males, 6 females: mean age:
62.63+6.6 years) were used as the study group. Sera samples were collected from patients and
healthy controls under Facing Rural Obstacles to healthcare Now Through Intervention,
Education & Research (FRONTIER) project based at Garrison Institute on Aging (GIA), Texas
Tech University Health Sciences Center. The Institutional Review Board (IRB) protocol was
approved for Project FRONTIER (IRB#L06-028). All the bio-specimens were stored at the GIA.
Information on demographic characteristics, medical history, biochemical profile and established
risk factors were recorded by using a standardized questionnaire (Supplementary Material, Table

S5).

[0066] RNA extraction, Small RNA Library Construction. RNA was isolated from 1.5 mL of
serum using Plasma/Serum RNA purification Midi Kit as per manufacturer’s instructions (Cat
No: 56100; Norgen Biotek Corp., Thorold, ON, Canada). All RNA samples were processed and
analyzed by LC Sciences (Houston, TX, USA). The quality and quantity of the RNA samples
were tested using an Agilent 2100 Bioanalyzer (Agilent). A small RNA library was generated
using the Illumina Truseq™ Small RNA Preparation kit according to Illumina’s TruSeq™ Small
RNA Sample Preparation Guide [(15004197 C), Illumina Inc., Part # 1004239 Rev. A, 2008;
Catalog # RS-930-1012, Part # 15004197 Rev. B, January 2011].

[0067] Primary screening by deep sequencing and data analysis. The purified cDNA library was
used for cluster generation on Illumina’s Cluster Station and then sequenced on Illumina GAIIx
following vendor’s instruction for running the instrument. Raw sequencing reads (40 nts) were
obtained using [llumina’s Sequencing Control Studio software version 2.8 (SCS v2.8) following
real-time sequencing image analysis and base-calling by Illumina's Real-Time Analysis version

1.8.70 (RTA v1.8.70). The extracted sequencing reads were stored and then a proprietary
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pipeline script, ACGT101-miR v4.2 (LC Sciences), was used for sequencing data analysis. After
the raw sequence reads, or sequenced sequences (sequ seqs) were extracted from image data, a
series of digital filters (LC Sciences) were employed to remove various un-mappable sequencing
reads. Impurity sequences due to sample preparation, sequencing chemistry and processes, and
the optical digital resolution of the sequencer detector were also removed. Remaining sequ seqs
with lengths between 15 and 32 bases were grouped by families (unique seqs), and were used to

map with the reference database files.

[0068] Various “mappings” were performed on unique seqs against pre-miRNA (mir) and
mature miRNA (miR) sequences listed in the latest release of miRbase (v21.0;
ftp://mirbase.org/pub/mirbase/CURRENT/; Specific species: hsa; Selected species: ggo, ppa, ptr,
PPy, ssy. age, lla, sla, pbi, mml, mne, Ica, cgr, mmu, mo, cfa, ocu, efu, aja, eca, mdo, sha, meu,
oan, bta, chi, oar, tch, ssc) (33-35) or genome based on the public releases of appropriate species
(V37.1; ftp:/ftp.ncbi.nih.gov/genomes/H sapiens/). Mappings were also done on mirs of interest
against genome sequence. Mappable unique seqs were mapped to other defined databases, such
as mRNA, RFam, and Repbase (V37.1; ftp://fip.ncbi.nih.gov/genomes/H sapiens/RNA/).
Methods and criteria used for various mappings were documented in the ACGT-101 User’s
Manual. Sequences were mapped against reported miRNA, species’ genomes, and other RNA
databases (e.g., RFam, repase, mRNA) and were classified as follows:
I) Mappable reads mapped to selected mirs in miRbase
1) Mirs mapped to species specific genome (Homo sapiens)
1) Mirs are of specific species (Homo sapiens) (groupla)
i1) Mirs are of selected species (Mammalia) (grouplb)
ii1) Reads mapped to other locations too & Reads mapped only to the
same
locations in the genome as that of mirs (group 1c¢)
2) Mirs un-mapped to species specific genome
a) Reads mapped/ un-mapped to species specific genome
1) Extended sequences potentially form hairpins (group 2a)
i1) Extended sequences potentially cannot form hairpins (group 2b)
ii1) Reads mapped to miRs of selected species (group 3a)
iv) Reads unmapped to miRs of selected species (group 3b)
IT) Mappable reads un-mapped to selected mirs in miRbase
1) Reads un-mapped to mRNA, Rfam, and repbase
a) Reads mapped to species specific genome

1) Extended sequences potentially form hairpins (group 4a)
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i1) Extended sequences potentially cannot form hairpins (group 4b)

b) Reads un-mapped to species specific genome (no hit)

¢) Reads mapped to mRNA, Rfam, or repbase (others)

[0069] Validation of differently expressed serum miRNAs using quantitative real-time RT-PCR.
To support the data obtained from the deep sequencing results, qRT-PCR analysis was
performed to validate further. One uG of total RN A was reverse transcribed using miRNA First-
Strand ¢cDNA synthesis kit (Agilent Technologies Inc., CA, USA), following manufacturer’s
instructions. Resulting cDNAs were diluted with 20 uL of RNase-free water and stored at -80°C
for further analysis (36). Primers for 16 miRNAs were synthesized commercially (Integrated
DNA Technologies, Inc. Towa USA) (Supplementary Material, Table S2). U6, one of the
uniformly expressed small RNAs, was used as the internal control for real-time RT-PCR.
Briefly, 1 pL of miRNA-specific forward primer (10 uM), 1 uL of a universal reverse primer
(3.125 uM) (Agilent Technologies Inc., CA, USA), 10 uL of 2X SYBR® Green PCR master
mix (Applied Biosystems, NY, USA), and 1 pL of cDNA were mixed. To this mixture RNase-
free water was added up to a 20 uL of final volume. The reactions were amplified for 5 min at
95°C, followed by 40 cycles of 95°C for 10 sec, 60°C for 15 sec and 72°C for 25 sec at 7900HT
Fast Real Time PCR System (Applied Biosystems, USA). All reactions were performed in
triplicate, and the controls (no template and no RT) were included for each gene, and the data
were expressed as the mean +SD. Fold change of each miRNAs were calculated as described
previously (37). The threshold cycle (CT) values were automatically determined by the
instrument, and the fold change of each miRNAs were calculated using the following equation:
the formula (27**%), where ACt was calculated by subtracting Ct of U6snRNA from the Ct of
particular miRNAs target, and AACt value was obtained by subtracting ACt of particular
miRNAs target in the controls from the ACt of miRNAs target in the IS.

[0070] Postmortem brains from stroke patients and controls. In the present study, 20 post-
mortem brain samples were investigated which consisted of 10 IS [5 males and 5 females: Age
ranged from 57-91 years (78.3£11.89) and post-mortem interval (PMI) varied from 4-23.9 hours
(average 16.48 hours)] and 10 normal control subjects [5 males and 5 females: Age ranged from
67-91 years (76.9£8.62) and post-mortem interval (PMI) varied from 11.8-25 hours (average
17.99 hours)| were obtained from the Human Brain and Spinal Fluid Resource Center (Los
Angeles, CA) and Harvard Brain Tissue Resource Center (HBTRC) through NIH

NeuroBiobank. These brain banks were responsible for obtaining subject consent and the
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unidentifiable coding of subject information. The study protocol was approved by the Institute

Ethical Committee at TTUHSC (IBC protocol number: 14013).

[0071] Lymphoblastoid Cell lines. Epstein-Barr Virus (EBV) transformed Lymphoblastoid cell
lines (LCLs) from 20 IS patients (10 males, 10 females: mean age of 66.9+6.13 years) and 10
unrelated healthy subjects (5 males, 5 females: mean age of 62.8+4.91 years) were obtained
from the Coriell Cell Repository. These samples had been collected and anonymized by National
Institute of Neurological Disorders and Stroke (NINDS), and all subjects had provided written
consent for their experimental use. LCLs were cultured in Roswell Park Memorial Institute
Medium 1640 (RPMI 1640 medium) with 2mM L-glutamine (Gibco, Carlsbad, CA, #11875)
supplemented with 15% heat-inactivated FBS.

[0072] Induction of neonatal hypoxia and Ischemia. Hypoxia and ischemia (HI) was induced in
postnatal day nine (P9) C57BL/6J mice. The pups were anesthetized with isoflurane (Butler
Schein Animal Health Supply, Reno, NV) (5% for induction, 2-3 % for maintenance) in 30%
oxygen mixed with nitrous oxide. The body temperature of the pups were maintained at 36°C
using a heated surgical table (Molecular Imaging Products, Bend, OR). Under a surgical
microscope (Nikon SMZ-800 Zoom Stereo, Nikon, Melville, NY), a midline skin incision was
made and the trachea was visualized through the muscle overlying it. The left common carotid
artery was freed from the left common jugular vein and left vagus nerve by blunt dissection,
electrically cauterized and cut. The incision was injected with 0.5% bupivacaine and closed
with a single 6.0 silk suture. Animals were returned to their dams and monitored continuously
for a 2 h recovery period. To induce unilateral ischemic injury, the animals were placed in a
hypoxia chamber (BioSpherix Ltd, Redfield, NY) equilibrated with 10% O, and 90% N, at 36°C
for 50 min. This is a well-characterized model of neonatal HI and results in reproducible brain
injury ipsilateral (IL) to the electrocauterized left common carotid artery (38-41). Naive mice
were not exposed to HI or any surgical intervention. Mice were decapitated for collection of
fresh tissue of the regions of striatum, hippocampus, cortex, and cerebellum on day 3 (P12)
post-HI (42). After extraction, the fresh tissues were kept in -20°C for 1 day and in -80°C for
long term storage. All procedures on animals were carried out in adherence with NIH Guide for
the Care and use of Laboratory Animals and approved by the Institutional Animal Care and Use

Committee at the University of Wisconsin-Madison.

[0073] Cell Cultures. The human neuroblastoma cell line SH-SY-5Y and mouse neuroblastoma
cell line N2a were grown in Dulbecco’s modified Eagle’s medium/F12 (1/1) (DMEM/F12,
Gibco Life Technologies, Carlsbad, CA, #11320), minimum essential media respectively
containing 10% fetal bovine serum (FBS), penicillin (100 U/mL), streptomycin (100 uG/mL).
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The cultures were maintained at 37°C in 95% air, 5% CO» in a humidified incubator. After the

cells were seeded, they were allowed to grow for 24-48h or until 80% confluence in 6-well

plates then they were used for experimentation.

[0074] Oxygen and Glucose Deprivation/Reoxygenation Protocol. Oxygen and glucose
deprivation/reoxygenation (OGD/R) is a well-established in vitro model to study the pathology
and pharmacology of ischemic damage, OGD/R was achieved using methods published earlier
(43-46). Culture media were replaced with deoxygenated, no glucose DMEM (Gibco, Carlsbad,
CA, #11966) and placed in hypoxia chamber (Biospherix, ProOx model 110) with 95% N, and
5% CO; for 4 hours at 37°C to represent OGD condition. After the appropriate time, the culture
plates were removed from the hypoxia chamber. Prior to re-oxygenation, cells were washed in
PBS and the medium was replaced with complete culture medium then placed in a humidified

incubator at 37°C for 20-24 hours to represent reoxygenation.

[0075] MiRNAs extraction from tissues and cell pellets and qRT-PCR. Total RNA was isolated
from the 80 mg of tissues and cell pellets using the TriZol RT reagent (Ambion, USA) as per
manufacturer instructions. MiRNAs extraction and cDNA synthesis were followed as described
earlier (36). The quality and quantity of the RNA were analyzed by NanoDrop analysis. The
value of absorbance of each RNA sample (Axs/Azso) was 1.8 to 2.0. cDNA was synthesized
from 1 uG of RNA using miRNA First-Strand cDNA synthesis kit (Agilent Technologies Inc.).

[0076] Target gene prediction and enrichment analysis. MiRNAs of interest were selected based
on the statistical significance, fold change difference and biological rationales. Target gene
prediction was performed by using TargetScan 6.0 (www.targetscan.org). For human, the
program searches were run to match the miRNA seed regions and orthologous at 3' UTRs of
human genes (47). Gene function enrichment and biological pathway analysis were performed
using DAVID online tool suite (https://david.ncifcrf.gov/) (48). Validated and predicted target
genes were uploaded at Gene List Manager according the tool instructions. Gene function
enrichment and pathway analysis results were obtained and given in supplementary material
Figures SSA, S5B and S5C.

[0077] Statistical analysis. Data were presented as means + SD for other variables. The qRT-

PCR validation analysis was based on the QAAACT

value of genes in each sample from IS and
healthy controls. The Cq values of miRNAs were displayed as LnACq for statistical analysis
(49). P-value was calculated, based on the paired and unpaired t-tests for analyzing two groups.
MiRNAs levels between the probable IS and healthy controls were analyzed using a two-sided
nonparametric Mann-Whitney test. Sensitivity and specificity of measured variable for IS

biomarker were examined using a receiver operating characteristic (ROC) curve analysis under a
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nonparametric approach. P value<0.05 was considered to be statistically significant. All analyses

were performed by GraphPad Prism (version 6.0; GraphPad Software, La Zolla, CA).
[0078] Example 2. Effects of microRNA ‘PC-5P-12969’ in ischemic stroke patients.

[0079] To determine the protective and/or adverse effects of microRNA ‘PC-5P-12969° in
ischemic stroke patients, the inventors performed cell culture experiments using 1) normal
condition and 2) oxygen glucose deprivation similar to ischemic stroke condition. The inventors
assessed cell viability and apoptosis assays using overexpression (agomirs) and knockdown

(antagomirs) of microRNA PC-5P-12969 in human neuroblastoma (SHSY-5Y) cells.

[0080] Using bioinformatics tools, the inventors also assessed binding site analysis of
microRNA PC-5P-12969 — in other words, the inventors assessed interacting mRNA transcripts
to PC-5P-12969 in the entire human genome.

[0081] Cells overexpressed with microRNA PC-5P-12969 exhibited increased cell survival and
reduced apoptotic cell death relative to untreated cells, indicating that microRNA PC-5P-12969
is protective in normal condition (FIG. 6). On the other hand, cells overexpressed with PC-5P-
12969 microRNA and treated with oxygen glucose deprivation (similar to ischemic stroke)
showed significantly increased cell survival and significantly reduced apoptotic cell death

relative to oxygen glucose deprivation treated cells (FIGS. 7A-F).

[0082] In silico analysis were performed to predict the target gene analysis for the miRNA PC-
5P-12969 using TargetScan and miRanda databases. The inventors found GSK3A, PARK2,
HTRA2 genes were regulated by miRNA PC-5P-12969. Further, the inventors verified
expression levels of these 3 genes using qRT-PCR analysis in ischemic stroke (cells treated with
oxygen glucose deprivation) cells and healthy cells. This qRT-PCR analysis revealed that
abnormal mRNA levels of GSK3A, PARK2, HTRA2 genes (in ischemic cells treated with
miRNA PC-5P-12969) were corrected similar to normal cells (FIGS. 8A-8C).

[0083] Cell culture and transfection. The human neuroblastoma cell line SHSY-5Y was grown
in Dulbecco’s modified Eagle’s medium/F12 (1/1) (DMEM/F12, Gibco Life Technologies,
Carlsbad, CA, #11320), minimum essential media respectively containing 10% fetal bovine
serum (FBS), penicillin (100 U/mL), streptomycin (100 uG/mL). The cultures were maintained
at 37°C in 95% air, 5% CO2 in a humidified incubator. After the cells were seeded, they were
allowed to grow for 24-48h or until 80% confluence in 6-well plates then they were used for
experimentation. SHSY-5Y was transfected with PC-5P-12969 agomir, PC-5P-12969 antagomir,
miRNA agomir negative control, miRNA antagomir negative control (all from Applied

Biological Materials Inc, Canada) using Lipofectamine 2000 (Invitrogen). At 24 h transfection,
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cells were treated with or without 50 nM ox-LDL (Beijing Xiesheng Bio-Technology Limited,

Beijing, China) for further 24 h.

[0084] Oxygen Glucose Deprivation (OGD). OGD was performed according to a previously
described protocol (Vijayan et al. 2018). Culture media were replaced with deoxygenated, no
glucose DMEM (Gibco, Carlsbad, CA, #11966) and placed in hypoxia chamber (Biospherix,
ProOx model 110) with 95% N2 and 5% CO2 for 4 hours at 37°C to represent OGD condition.
After the appropriate time, the culture plates were removed from the hypoxia chamber. Prior to
re-oxygenation, cells were washed in PBS and the medium was replaced with complete culture
medium then placed in a humidified incubator at 37°C for 20-24 hours to represent

reoxygenation.

[0085] Analyses of cell viability. The number of viable cells was quantified using an AOPI
staining solution in PBS Kit (Nexcelom Bioscience) according to the manufacturer’s

instructions.

[0086] Detection of apoptosis. Apoptosis was determined using the Annexin V-FITC/propidium
iodide (PI) Apoptosis Detection Kit (Nexcelom Bioscience) according to the manufacturer’s

instructions. The population of Annexin V-positive cells was evaluated by Cellometer Vision.

[0087] Binding site analysis. Two computational target prediction algorithms, TargetScan
5.1(http://www targetscan.org) and miRanda (http://www.microrna.org), were used to predict
the genes targeted by miRNAs. The data-sets used were the 3' UTRs of mouse and human
respectively. TargetScan was used to search for miRNA seed matches (nucleotides 2e8 from the
5" end of miRNA) in the 3' UTR sequences. miRanda was used to match the entire miRNA
sequences. The miRanda parameters were set as free energy < 10 kcal/mol and TargetScan
parameters were set as context score percentile > 50. Finally, the results predicted by the two

algorithms were combined and the overlaps were calculated.

[0088] Reverse-transcription quantitative polymerase chain reaction (RT-qPCR). Total RNA
was isolated from SHSY-5Y using the TriZol RT reagent (Ambion, USA) as per manufacturer
instructions. cDNA synthesis and RT-qPCR were followed as described earlier (Vijayan et al.,

2018). Following primers were used:
[0089] PC-5P-12969, 5°’-GCAGGAGCCGGGACTGGCTTC-3" (SEQ ID NO:1);

[0090] U6 snRNA, forward 5°-CGCTTCGGCAGCACATATACTAA-3(SEQ ID NO:2),
reverse 5’-TATGGAACGCTTCACGAATTTGC-3"(SEQ ID NO:3);

[0091] GSK3A, forward 5°-ATGCGTAAGCTGGACCACTG-3" (SEQ ID NO:4) and reverse
5°-GCTCGTCTTTCTTCTCGCCA-3" (SEQ ID NO:5):
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[0092] PARK?2, forward 5’-GACAGCAGGAAGGACTCACC-3" (SEQ ID NO:6) and reverse
5’-CACTCTTTGACAGGGGCCTT-3" (SEQ ID NO:7);

[0093] HTRA2, forward 5°-~ATGATGCTGACCCTGAGTCC-3’ (SEQ ID NO:8) and reverse 5'-
TGAACATCGGGAAAGCTTGGT-3" (SEQ ID NO:9).

[0094] Thus, a panel of 16 miRNAs that are either up-regulated or down-regulated in patients
with an ischemic stroke or those that are at risk of suffering from the condition. A patient’s
blood will be screened for dysregulation among these miRNAs and a diagnosis or prophylactic
measures can be taken. The 16 miRNAs are in the table below with those that are up-regulated
(underlined) and down-regulated (bold). As such, the markers can be targeted by specific

therapeutics that will reverse their up or down regulation during IS.

ggo-miR-139 hsa-miR-30d-Sp hsa-miR-22-3p hsa-miR-23a-3p
hsa-miR-96-5p hsa-miR-99a-5p hsa-miR-122-5p hsa-miR-186-5p
hsa-miR-211-5p hsa-mir-760 mmu-miR-5124a mmu-mir-6240-Sp

PC-3p-32463 PC-3p-57664 PC-5p-211 PC-5p-12969

[0095] Tt is contemplated that any embodiment discussed in this specification can be
implemented with respect to any method, kit, reagent, or composition of the invention, and vice
versa. Furthermore, compositions of the invention can be used to achieve methods of the

invention.

[0096] Tt will be understood that particular embodiments described herein are shown by way of
illustration and not as limitations of the invention. The principal features of this invention can
be employed in various embodiments without departing from the scope of the invention. Those
skilled in the art will recognize, or be able to ascertain using no more than routine
experimentation, numerous equivalents to the specific procedures described herein. Such

equivalents are considered to be within the scope of this invention and are covered by the claims.

[0097] All publications and patent applications mentioned in the specification are indicative of
the level of skill of those skilled in the art to which this invention pertains. All publications and
patent applications are herein incorporated by reference to the same extent as if each individual
publication or patent application was specifically and individually indicated to be incorporated

by reference.

[0098] The use of the word “a” or “an” when used in conjunction with the term “comprising™ in
the claims and/or the specification may mean “one,” but it is also consistent with the meaning of

% ¢

“one or more,” “at least one,” and “one or more than one.” The use of the term “or” in the

claims is used to mean “and/or” unless explicitly indicated to refer to alternatives only or the
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alternatives are mutually exclusive, although the disclosure supports a definition that refers to

only alternatives and “and/or.” Throughout this application, the term “about” is used to indicate

that a value includes the inherent variation of error for the device, the method being employed to

determine the value, or the variation that exists among the study subjects.

[0099] As used in this specification and claim(s), the words “comprising” (and any form of
comprising, such as “comprise” and “comprises”), “having” (and any form of having, such as
“have” and “has”), “including” (and any form of including, such as “includes™ and “include™) or
“containing” (and any form of containing, such as “contains™ and “contain™) are inclusive or
open-ended and do not exclude additional, unrecited elements or method steps. In embodiments
of any of the compositions and methods provided herein, “comprising” may be replaced with
“consisting essentially of”” or “consisting of . As used herein, the phrase “consisting essentially
of” requires the specified integer(s) or steps as well as those that do not materially affect the
character or function of the claimed invention. As used herein, the term “consisting” is used to
indicate the presence of the recited integer (e.g., a feature, an element, a characteristic, a
property, a method/process step or a limitation) or group of integers (e.g., feature(s), element(s),

characteristic(s), property(ies), method/process steps or limitation(s)) only.

[00100] The term “or combinations thereof” as used herein refers to all permutations and
combinations of the listed items preceding the term. For example, “A, B, C, or combinations
thereof™ is intended to include at least one of: A, B, C, AB, AC, BC, or ABC, and if order is
important in a particular context, also BA, CA, CB, CBA, BCA, ACB, BAC, or CAB.
Continuing with this example, expressly included are combinations that contain repeats of one or
more item or term, such as BB, AAA, AB, BBC, AAABCCCC, CBBAAA, CABABB, and so
forth. The skilled artisan will understand that typically there is no limit on the number of items
or terms in any combination, unless otherwise apparent from the context. As used herein, words
of approximation such as, without limitation, “about”, "substantial" or "substantially" refers to a
condition that when so modified is understood to not necessarily be absolute or perfect but
would be considered close enough to those of ordinary skill in the art to warrant designating the
condition as being present. The extent to which the description may vary will depend on how
great a change can be instituted and still have one of ordinary skill in the art recognize the
modified feature as still having the required characteristics and capabilities of the unmodified
feature. In general, but subject to the preceding discussion, a numerical value herein that is
modified by a word of approximation such as “about”™ may vary from the stated value by at least

+1,2,3,4,5,6,7,10, 12 or 15%.
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[0100] All of the compositions and/or methods disclosed and claimed herein can be made and
executed without undue experimentation in light of the present disclosure. While the
compositions and methods of this invention have been described in terms of preferred
embodiments, it will be apparent to those of skill in the art that variations may be applied to the
compositions and/or methods and in the steps or in the sequence of steps of the method
described herein without departing from the concept, spirit and scope of the invention. All such
similar substitutes and modifications apparent to those skilled in the art are deemed to be within

the spirit, scope and concept of the invention as defined by the appended claims.

[0101] To aid the Patent Office, and any readers of any patent issued on this application in
interpreting the claims appended hereto, applicants wish to note that they do not intend any of
the appended claims to invoke paragraph 6 of 35 U.S.C. § 112, U.S.C. § 112 paragraph (f), or
equivalent, as it exists on the date of filing hereof unless the words “means for” or “step for” are

explicitly used in the particular claim.

[0102] For each of the claims, each dependent claim can depend both from the independent
claim and from each of the prior dependent claims for each and every claim so long as the prior

claim provides a proper antecedent basis for a claim term or element.
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What is claimed is:
1. A method to reduce or inhibit ischemic stroke in a mammal, the method comprising:

(a) selecting microRNAs to downregulate selected from the group consisting of hsa-miR-
96-5p, hsa-miR-99a-5p, hsa-miR-122-5p, hsa-miR-186-5p, hsa-miR-211-5p, hsa-mir-760, PC-
3p-57664, orPC-5p-12969;

(b) selecting microRNAs to upregulate selected from the group consisting of ggo-miR-
139, hsa-miR-30d-5p, hsa-miR-22-3p, hsa-miR-23a-3p, mmu-miR-5124a, mmu-mir-6240-5p,
PC-3p-32463, or PC-5p-211, and combinations thereof; and

(c) administering one or more agents that: downregulates the microRNAs in (a),
upregulates the microRNAs in (b), or both, to the mammal in an amount sufficient to reduce or

inhibit ischemic stroke in the mammal.
2. The method of claim 1, wherein the mammal is a human.

3. The method of claim 1, wherein the agents is selected from an oligonucleotide that

modified the expression of the one or more microRNA.

4, The method of claim 3, wherein the at least one or more oligonucleotides contains a non-
naturally occurring modification comprising modifications or substitutions of: (1) the ribose or
other sugar units, (2) bases, or (3) the backbone, selected from: one or more phosphorothioate,
phosphorodithioate, phosphodiester, methyl phosphonate, phosphoramidate, methylphosphonate,
phosphotriester, phosphoroaridate, morpholino, amidate carbamate, carboxymethyl, acetamidate,
polyamide, sulfonate, sulfonamide, sulfamate, formacetal, thioformacetal, and/or alkylsilyl
substitutions, partially or completely modified backbones, such as fully modified sugar
phosphate backbone, a locked nucleic acid backbone, a peptidic backbone, a phosphotriester
backbone, a phosphoramidate backbone, a siloxane backbone, a carboxymethylester backbone,
an acetamidate backbone, a carbamate backbone, a thioether backbone, a bridged methylene
phosphonate backbone, a phosphorothioate backbone, a methylphosphonate backbone, an
alkylphosphonate backbone, a phosphate ester backbone, an alkylphosphonothioate backbone, a
phosphorodithioate backbone, a carbonate backbone, a phosphate triester backbone, a
carboxymethyl ester backbone, a methylphosphorothioate backbone, a phosphorodithioate
backbone, a backbone having p-ethoxy linkages, sugar modifications such as 2'-O-methyl (2'-O-
methylnucleotides), 2'-O-methyloxyethoxy (2°-O-MOE), a 2'-0-alkyl modified sugar moiety, or
a bicyclic sugar moiety, nucleotide mimetics, peptide nucleic acids (PNA), morpholino nucleic

acids, cyclohexenyl nucleic acids, anhydrohexitol nucleic acids, glycol nucleic acid, threose
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nucleic acid, and locked nucleic acids (LNA), and a combinations of two or more of any of the

foregoing.

5. The method of claim 3, wherein the oligonucleotide is selected from any of hsa-miR-96-
5p, hsa-miR-99a-5p, hsa-miR-122-5p, hsa-miR-186-5p, hsa-miR-211-5p, hsa-mir-760, PC-3p-
57664, orPC-5p-12969, ggo-miR-139, hsa-miR-30d-5p, hsa-miR-22-3p, hsa-miR-23a-3p, mmu-
miR-5124a, mmu-mir-6240-5p, PC-3p-32463, or PC-5p-211, or a sequence having at least 88,
92, 93, 94, 95, 96, 97, 98, or 99% identity with those sequences.

6. The method of claim 3, wherein the oligonucleotide targets one or more regulatory

regions that downregulate or upregulate messenger RNA transcription.

7. The method of claim 1, wherein a profile of (a) or (b) is used to differentiate between

hypoxia and ischemia.

8. The method of claim 1, further comprising the steps of treating the patient for ischemic
stroke and measuring the levels the miRNAs for PC-3p-57664, PC-5p-12969, hsa-miR-122-5p
and hsa-miR-211-5p to determine if they were downregulated as a result of the treatment, or the
measuring the levels the miRNAs for PC-3p-32463, PC-5p-211, ggo-miR-139, hsa-miR-30d-5p,
mmu-mir-6240-p5, hsa-miR-23a-3p to determine if they were upregulated a result of the

treatment, or both.

9. The method of claim 1, wherein the one or more agents further comprises a

pharmaceutically acceptable excipient, salts, or carrier.

10. The method of claim 1, wherein the one or more agents is adapted for intravenous,

intramuscular, intraperitoneal, oral, subcutaneous, enteral or parenteral administration.

11.  The method of claim 1, wherein the microRNAs targeted consist of PC-3p-57664, PC-
5p-12969, miR-30a, and miR-30d.

12. The method of claim 1, wherein the microRNAs targeted consist of miR-122-5p, and
miR-211-5p, PC-3p-57664, and PC-5p-12969.

13. A method to reduce or inhibit ischemic damage in a mammal, the method comprising: (a)
selecting microRNAs to downregulate selected from the group consisting of hsa-miR-96-5p,
hsa-miR-99a-5p, hsa-miR-122-5p, hsa-miR-186-5p, hsa-miR-211-5p, hsa-mir-760, PC-3p-
57664, orPC-5p-12969; (b) selecting microRN As to upregulate selected from the group
consisting of ggo-miR-139, hsa-miR-30d-5p, hsa-miR-22-3p, hsa-miR-23a-3p, mmu-miR-
mmu-mir-6240-5p, PC-3p-32463, or PC-5p-211, and combinations thereof;, and (c)
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administering one or more agents that modify the expression of microRNA in (a), (b), or both, to

the mammal with ischemic damage.
14. The method of claim 13, wherein the mammal is a human.

15. The method of claim 13, wherein the one or more agents is selected from an

oligonucleotide that modified the expression of the one or more microRNA.

16. The method of claim 15, wherein the at least one or more oligonucleotides contains a
non-naturally occurring modification comprising modifications or substitutions of: (1) the ribose
or other sugar units, (2) bases, or (3) the backbone, selected from: one or more phosphorothioate,
phosphorodithioate, phosphodiester, methyl phosphonate, phosphoramidate, methylphosphonate,
phosphotriester, phosphoroaridate, morpholino, amidate carbamate, carboxymethyl, acetamidate,
polyamide, sulfonate, sulfonamide, sulfamate, formacetal, thioformacetal, and/or alkylsilyl
substitutions, partially or completely modified backbones, such as fully modified sugar
phosphate backbone, a locked nucleic acid backbone, a peptidic backbone, a phosphotriester
backbone, a phosphoramidate backbone, a siloxane backbone, a carboxymethylester backbone,
an acetamidate backbone, a carbamate backbone, a thioether backbone, a bridged methylene
phosphonate backbone, a phosphorothioate backbone, a methylphosphonate backbone, an
alkylphosphonate backbone, a phosphate ester backbone, an alkylphosphonothioate backbone, a
phosphorodithioate backbone, a carbonate backbone, a phosphate triester backbone, a
carboxymethyl ester backbone, a methylphosphorothioate backbone, a phosphorodithioate
backbone, a backbone having p-ethoxy linkages, sugar modifications such as 2'-O-methyl (2'-O-
methylnucleotides), 2'-O-methyloxyethoxy (2°-O-MOE), a 2'-0-alkyl modified sugar moiety, or
a bicyclic sugar moiety, nucleotide mimetics, peptide nucleic acids (PNA), morpholino nucleic
acids, cyclohexenyl nucleic acids, anhydrohexitol nucleic acids, glycol nucleic acid, threose
nucleic acid, and locked nucleic acids (LNA), and a combinations of two or more of any of the

foregoing.

17.  The method of claim 15, wherein the oligonucleotide is selected from any of hsa-miR-
96-5p, hsa-miR-99a-5p, hsa-miR-122-5p, hsa-miR-186-5p, hsa-miR-211-5p, hsa-mir-760, PC-
3p-57664, orPC-5p-12969, ggo-miR-139, hsa-miR-30d-5p, hsa-miR-22-3p, hsa-miR-23a-3p,
mmu-miR-5124a, mmu-mir-6240-5p, PC-3p-32463, or PC-5p-211, or a sequence having at least
88, 92, 93, 94, 95, 96, 97, 98, or 99% identity with those sequences.

18. The method of claim 15, wherein the oligonucleotide targets one or more regulatory

regions that downregulate or upregulate messenger RNA transcription.
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19. The method of claim 13, wherein a profile of (a) or (b) is used to differentiate between

hypoxia and ischemia.

20. The method of claim 13, further comprising the steps of treating the patient for ischemic
stroke and measuring the levels the miRNAs for PC-3p-57664, PC-5p-12969, hsa-miR-122-5p
and hsa-miR-211-5p to determine if they were downregulated as a result of the treatment, or the
measuring the levels the miRNAs for PC-3p-32463, PC-5p-211, ggo-miR-139, hsa-miR-30d-5p,
mmu-mir-6240-p5, hsa-miR-23a-3p to determine if they were upregulated a result of the

treatment, or both.

21. The method of claim 13, wherein the one or more agents further comprises a

pharmaceutically acceptable excipient, salts, or carrier.

22. The method of claim 13, wherein the one or more agents is adapted for intravenous,

intramuscular, intraperitoneal, oral, subcutaneous, enteral or parenteral administration.

23.  The method of claim 13, wherein the microRNAs targeted consist of PC-3p-57664, PC-
5p-12969, miR-30a, and miR-30d.

24, The method of claim 13, wherein the microRNAs targeted consist of miR-122-5p, miR-
211-5p, PC-3p-57664, and PC-5p-12969.

25. A method of detecting microRNAs from a subject, the method comprising:

(a) measuring in a blood sample the level of microRNAs selected from the group
consisting of hsa-miR-96-5p, hsa-miR-99a-5p, hsa-miR-122-5p, hsa-miR-186-5p, hsa-miR-211-
5p, hsa-mir-760, PC-3p-57664, or PC-5p-12969; or

(b) measuring in a blood sample the level of microRNAs selected from the group
consisting of ggo-miR-139, hsa-miR-30d-5p, hsa-miR-22-3p, hsa-miR-23a-3p, mmu-miR-
5124a, mmu-mir-6240-5p, PC-3p-32463, or PC-5p-211, and combinations thereof;

(c) determining if: the level of microRNAs in (a) is upregulated when compared to
normal samples; the level of microRNAs in (b) is downregulated when compared to normal
samples; and

(d) displaying the results for (a) and (b).

26. The method of claim 25, further comprising the step of selecting between a treatment for

hypoxia or ischemia depending on the results displayed in (d).

27. A method of diagnosing a subject with a stroke, the method comprising:
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(a) measuring in a blood sample the level of microRNAs selected from the group
consisting of hsa-miR-96-5p, hsa-miR-99a-5p, hsa-miR-122-5p, hsa-miR-186-5p, hsa-miR-211-
5p, hsa-mir-760, PC-3p-57664, or PC-5p-12969; or

(b) measuring in a blood sample the level of microRNAs selected from the group
consisting of ggo-miR-139, hsa-miR-30d-5p, hsa-miR-22-3p, hsa-miR-23a-3p, mmu-miR-
5124a, mmu-mir-6240-5p, PC-3p-32463, or PC-5p-211, and combinations thereof;

(c) determining if: the level of one or more microRNAs in (a) is upregulated when
compared to normal samples; the level of one or more microRNAs in (b) is downregulated when
compared to normal samples, or both, wherein the presence of (a), (b), or both is indicative that

the subject had a stroke.
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