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MICRORNA B1OMARKERS OF TISSUE INJURY

This application claims priority to U.S. Provisional Patent Application Serial No.

61/125,448 filed on April 25, 2008, and U.S. Provisional Patent Application Serial No.

61/210,601 filed on March 19, 2008, each of which is incorporated by reference herein in its

entirety.

FIELD OF THE INVENTION

Aspects and embodiments of the present invention relate generally to methods of

detecting tissue injury based on the levels of miRNAs present in fluid samples, such as for

example, blood plasma, urine and cerebral spinal fluid.

BACKGROUND OF THE INVENTION

The following is a short discussion of relevant art pertaining to miRNA biomarkers in

vertebrate fluid samples, such as for example whole blood, blood plasma and urine. The

discussion is provided only for understanding of the various embodiments of invention that

follow. The summary and references cited throughout the specification herein are not an

admission that any of the content below is prior art to the claimed invention.

MicroRNAs are endogenous noncoding RNAs of about 22 nucleotides that utilize

much of the same cellular machinery harnessed by RNAi. With the discovery of mammalian

microRNAs came the discovery that some of them were highly tissue-specific and highly

abundant (Lagos-Quintana, M., et al.? 2002, Current Biology 12:735), In fact, the effects of

some tissue-specific miRNAs are so potent as to be discernable in mRNA profiles (Lim, et al. ;

2005, Nature 433:769).

The distribution and abundance levels of particular miRNAs have been predicted as

being useful to perform diagnosis and/or prognosis of cancer in blood samples from a subject

with cancer, in particular breast cancer (US 2007/0054287). However no data was shown in

support of this hypothesis. Similarly, Kemppainen et al., have published two posters at the

Asuragen, Inc. (Austin, TX) website (http://www.asuragen.com/services/library/posters.html,

last visited on April 24, 2008) which presented data showing that various miRNAs could be

detected in blood and other body fluids, and suggested that miRNAs detected in such fluids
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might be used as disease biomarkers, however no data is provided in support of this

hypothesis,

Marsit et al. (2006 Cancer Res. 66:10843-48), show that the level of miR-222 and

mϊR-22 in blood samples show statistically significant changes between human subjects that

have high dietary folate verses those with low dietary folate.

Detection of transaminase enzymes alanine aminotransferase (ALT) and aspartate

aminotransferase (AST) in blood plasma is the standard assay for liver toxicity, both in animal

models and in clinical studies. Unfortunately, limitations in the sensitivity or specificity of

these protein biomarkers can compromise studies. For instance, ALT and AST enzymes are

produced by organs besides liver, such as for example, muscle, so changes in these other

organs can lead to a false report of tissue injury to liver. Thus, there is a need for new

biomarkers for tissue injury to liver and muscle that can either complement or replace existing

assays. There is also a similar need for tissue injury biomarkers for other vertebrate tissues

and organs, such as, for example, brain, pancreas, kidney, and other organs that are

susceptible to tissue injury and for which there is a need for rapid, noninvasive tests of such

injury.

SUMMARY

In one aspect, the present invention provides various embodiments of methods for

classifying a subject as having tissue injury. In one embodiment, the method comprises:

obtaining a fluid sample from a subject wherein the fluid sample is not obtained directly from the

organ or tissue that is suspected of being injured; detecting the presence of a miRNA selected

from Table 1 in the fluid sample wherein the presence of the miRNA is detected when the

miRNA has a measured value above a threshold value for the selected miRNA; classifying the

subject as having tissue injury if the detected miRNA has a measured value above the threshold

value; and displaying; or outputting to a user interface device, a computer readable medium, or a

local or remote computer system, the classification result.

In a second aspect, the present invention provides various embodiments of methods for

monitoring a subject who is exposed, or is thought to have been exposed, to an agent that has a

risk of causing tissue injury. In one embodiment, the method comprises: obtaining a fluid

sample from the subject; measuring a level of one or more miRNAs in the fluid sample from the

subject, wherein the one or more miRNAs are represented by a miRNA selected from Table 1;

identifying the subject as being at risk of tissue injury or not based on the measured level of the



one or more miRNAs; and displaying; or outputting to a user interface device, a computer

readable medium, or a local or remote computer system, the identification result.

In a third aspect, the present invention provides various embodiments of methods for

identifying an agent as having a risk of causing tissue injury to a vertebrate subject. In one

embodiment, the method comprises: obtaining a fluid sample from a subject exposed to the

agent; measuring a level of one or more miRNAs in the fluid sample from the subject, wherein

the one or more miRNAs are represented by a miRNA selected from Table ϊ ; identifying the

agent as having a risk of causing tissue injury based on the measured level of the one or more

miRNAs.

In a third aspect, the present invention provides various kits for use in the practice of any

of the inventive methods disclosed herein, including, for example, methods for classifying a

subject as having tissue injury; methods for monitoring a subject is exposed to an agent that has a

risk of causing tissue damage; and methods for identifying an agent as having a risk of causing

tissue injury to a vertebrate subject.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGURE 1 shows miRNAs that have tissue-enriched expression levels.

FIGURE 2 shows miRNA and standard protein plasma biomarker levels in plasma from

rats dosed with muscle and liver toxicants.

FIGURE 3 shows a receiver operating characteristic (ROC) curve for sensitivity and

specificity of using ALT, AST, and miR-122 measurements to predict liver histopathology.

FIGURE 4 shows ALT or AST protein plasma biomarker levels plotted verses miR-122

plasma copy number in HCV genotype 1a infected subjects

DETAILED DESCRIPTION OF THE INVENTION

This section presents a detailed description of the many different aspects and

embodiments that are representative of the inventions disclosed herein. This description is by

way of several exemplary illustrations, of varying detail and specificity. Other features and

advantages of these embodiments are apparent from the additional descriptions provided herein,

including the different examples. The provided examples illustrate different components and

methodology useful in practicing various embodiments of the invention. The examples are not

intended to limit the claimed invention. Based on the present disclosure the ordinary skilled

artisan can identify and employ other components and methodology useful for practicing the

various embodiments of the present invention.



I, Definitions

Unless defined otherwise, all technical and scientific terms used herein have the meaning

commonly understood by one of ordinary skill in the art to which this invention belongs.

Practitioners are particularly directed to Sambrook et al. (1989) Molecular Cloning: A

Laboratory Manual, 2d ed., Cold Spring Harbor Press, Plainsview, New York (1989), and

Ausubel et al., Current Protocols in Molecular Biology (Supplement 47), John Wiley & Sons,

New York (1999) for definitions and terms of the art.

It is contemplated that the use of the term "about" in the context of the present invention

is to connote inherent problems with precise measurement of a specific element, characteristic,

or other trait. Thus, the term "about," as used herein in the context of the claimed invention,

simply refers to an amount or measurement that takes into account single or collective calibration

and other standardized errors generally associated with determining that amount or measurement.

For example., a concentration of "about" 100 mM of Tris can encompass an amount of 100 niM

.+-.5 mM, if 5 mM represents the collective error bars in arriving at that concentration. Thus,

any measurement or amount referred to in this application can be used with the term "about" if

that measurement or amount is susceptible to errors associated with calibration or measuring

equipment, such as a scale, pipetteman, pipette, graduated cylinder, etc. The term "about",

when used in reference to a number, is generally taken to include numbers that fall within a

range of 5% in either direction (greater than or less than) the number unless otherwise stated or

otherwise evident from the context (except where such number would exceed 100% of a possible

value). Where ranges are stated, the endpoints are included within the range unless otherwise

stated or otherwise evident from the context.

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 alternatives are mutually exclusive, although the

disclosure supports a definition that refers to only alternatives and "and/or."

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

As used herein, the term "tissue injury" refers to any damage to cells in an organ or

tissue that causes leakage of cellular components from cells. For example, tissue injury may be

caused by any form of chemical or physical agents, such as, drugs, environmental toxicants, or

any other substance that contacts a subject and results directly or indirectly, in damage to the

cells of the organ or tissue. Also included, is cellular damage that results from successful

therapeutic treatment of a subject, such as for example, the treatment of a tumor which results in

induction of apoptosis. Similarly, tissue injury might be the result of a physical agent such as,

for example, exposure to an environmental condition such as an hypoxic condition or air or

water pollution. Alternatively, the physical agent might be a physical trauma event, whether

self-imposed or not, such as for example, exercise, smoking, blunt force trauma, stroke, etc.

As used herein, the term "gene" has its meaning as understood in the art. However, it

will be appreciated by those of ordinary skill in the art that the term "gene" may include gene

regulatory sequences (e.g., promoters, enhancers, etc.) and/or intron sequences. It will further be

appreciated that definitions of gene include references to nucleic acids that do not encode

proteins but rather encode functional RNA molecules such as tRNAs and miRNAs. For clarity,

the term gene generally refers to a portion of a nucleic acid that encodes a protein or functional

RNA; however, the term may optionally encompass regulatory sequences. In some cases, the

gene includes regulatory sequences involved in transcription, or message production or

composition. In other embodiments, the gene comprises transcribed sequences that encode for a

protein, polypeptide or peptide. In keeping with the terminology described herein, an "isolated

gene" may comprise transcribed nucleic acid(s), regulatory sequences, coding sequences, or the

like, isolated substantially away from other such sequences, such as other naturally occurring

genes, regulatory sequences, polypeptide or peptide encoding sequences, etc. In this respect, the

term "gene" is used for simplicity to refer to a nucleic acid comprising a nucleotide sequence that

is transcribed, and the complement thereof. As will be understood by those in the art, this

functional term "gene" includes both genomic sequences, RNA or cDNA sequences, or smaller

engineered nucleic acid segments, including nucleic acid segments of a non-transcribed part of a

gene, including but not limited to the non-transcribed promoter or enhancer regions of a gene.

Smaller engineered gene nucleic acid segments may express, or may be adapted to express using



nucleic acid manipulation technology, proteins, polypeptides, domains, peptides, fosion proteins,

mutants and/or such like.

As used herein, the term "microRNA species", "microRNA", "miRNA", or "miR"

refers to small, non-protein coding RNA molecules that are expressed in a diverse array of

eukaryotes, including mammals. MicroRNA molecules typically have a length in the range of

from 15 to 120 nucleotides, the size depending upon the specific microRNA species and the

degree of intracellular processing. Mature, folly processed miRNAs are about 15 to 30, 15-25,

or 20 to 30 nucleotides in length, and more often between about 16 to 24, 17 to 23, 18 to 22, 19

to 2 1 or , 2 1 to 24 nucleotides in length. MicroRNAs include processed sequences as well as

corresponding long primary transcripts (pri-miRNAs) and processed precursors (pre-miRNAs).

Some microRNA molecules function in living cells to regulate gene expression via RNA

interference. A representative set of microRNA species is described in the publicly available

miRBase sequence database as described in Griffith-Jones et al, Nucleic Acids Research

32.-D109-D1 11 (2004) and Griffith-Jones et al., Nucleic Acids Research 34:D140-D144 (2006),

accessible on the World Wide Web at the Wellcome Trust Sanger Institute website.

As used herein, the term "isolated" in the context of an isolated nucleic acid molecule, is

one which is altered or removed from the natural state through human intervention. For

example, an RNA naturally present in a living animal is not "isolated." A synthetic RNA or

dsRNA or microRNA molecule partially or completely separated from the coexisting materials

of its natural state, is "isolated." Thus, an miRNA molecule which is deliberately delivered to or

expressed in a cell is considered an "isolated" nucleic acid molecule.

As used herein, "RNA" refers to a molecule comprising at least one

ribonucleotide residue. The term "ribonucleotide" means a nucleotide with a hydroxyl group at

the 2' position of a β-D-ribofuranose moiety. The terms include double-stranded RNA, single-

stranded RNA, isolated RNA such as partially purified RNA, essentially pure RNA, synthetic

RNA, recombinantly produced RNA, as well as altered RNA that differs from naturally

occurring RNA by the addition, deletion, substitution and/or alteration of one or more

nucleotides. Such alterations can include addition of non-nucleotide material, such as to the

end(s) of an RNAi agent or internally, for example at one or more nucleotides of the RNA.

Nucleotides in the RNA molecules of the instant invention can also comprise non-standard

nucleotides, such as non-naturally occurring nucleotides or chemically synthesized nucleotides



or deoxynucleotides. These altered RNAs can be referred to as analogs or analogs of naturally-

occurring RNA.

As used herein, the term "complementary" refers Io nucleic acid sequences that are

capable of base-pairing according to the standard Watson-Crick complementary rules. That is,

the larger purines will base pair with the smaller pyrrolidines to form combinations of guanine

paired with cytosine (G:C) and adenine paired with either thymine (A:T) in the case of DNA, or

adenine paired with uracil (A:U) in the case of RNA.

As used herein, the term "essentially complementary" with reference to microRNA

target sequences refers to microRNA target nucleic acid sequences that are longer

than 8 nucleotides that are complementary (an exact match) to at least 8 consecutive nucleotides

of the S' portion of a microRNA molecule from nucleotide positions 1 to 10, (also referred to as

the "seed region"), and are at least 65% complementary (such as at least 70%, at least 75%, at

least 80%, at least 85%, at least 90%, at least 95%, or at least 96% identical) across the

remainder of the microRNA target nucleic acid sequence as compared to a naturally occurring

mir-34 family member. The comparison of sequences and determination of percent identity and

similarity between two sequences can be accomplished using a mathematical algorithm of Karlin

and Altschul (1990, PNAS 87:2264-2268), modified as in Karlin and Altschul (1993, PNAS

90:5873-5877). Such an algorithm is incorporated into the NBLAST and XBLAST programs of

Altshcul et al, (1990 J. MoI. Biol. 215:403-410).

As used herein, the terms "measuring miRNA levels," "obtaining an miRNA

expression level" and the like, includes methods that quantify a miRNA expression level. Thus,

an assay which provides a "yes" or "no" result without necessarily providing quantification, of

an amount of expression is an assay that "measures expression" as that term is used herein.

Alternatively, a measured or obtained expression level may be expressed as any quantitative

value, for example, a fold-change in expression, up or down, relative to a control transcript or

miRNA or relative to the same transcript or miRNA in another sample, or a log ratio of

expression, or any visual representation thereof, such as, for example, a "heatmap" where a color

intensity is representative of the amount of gene expression detected. Exemplary methods for

detecting the level of expression of a miRNA include, but are not limited to, Northern blotting,

dot or slot blots, nuclease protection, RT-PCR, microarray profiling, and the like.

As used herein, the phrase "fold difference" refers to a numerical representation of the

magnitude difference between a measured value and a reference value for one or more of the



miRNA biomarkers of the present invention. Fold difference may be calculated mathematically

by division of the numeric measured value with the numeric reference value,

As used herein, a "reference value" or "control value" can be an absolute value; a

relative value; a value that has an upper and/or lower limit; a range of values; an average value; a

median value, a mean value, or a value as compared to a particular control or baseline value A

reference value can be based on an individual sample value, such as for example, a value

obtained from a sample from a subject who has suffered tissue injury, or a value obtained from a

sample from a subject other than the subject being tested, or a "normal" subject, that is an

individual who has not suffered tissue injury. Alternatively, the reference value can be based on

a large number of samples, such as from subjects who are all known, or thought, to have suffered

tissue injury or are from normal individuals who are known, or thought, to not have tissue injury

or based on a pool of samples including or excluding the sample to be tested.

The term "normalized" with regard to a miRNA or a gene expression product refers to

the level of the primary transcript, gene expression product or processed miRNA relative to the

mean levels of transcripts/products/miRNAs of a set of reference genes or miRNAs, wherein the

reference genes or miRNAs are either selected based on their minimal variation across, subjects,

tissues or treatments ("constitutive genes or miRNAs"), or the reference genes or miRNAs are

the totality of tested genes and/or miRNAs. In the latter case, which is commonly referred to as

"global normalization", it is important that the total number of tested genes or miRNAs be

relatively large, i.e., greater than 10, 20, 30, 40 or 50 transcription products. Specifically, the

term "normalized" with respect to an RNA transcript refers to the transcript level relative to the

mean of transcript levels of a set of reference genes. More specifically, the mean level of an

RNA transcript as measured by TaqMan(D RT-PCR refers to the Ct value minus the mean Ct

values of a set of reference RNA transcripts.

The terms "threshold value" or "defined threshold" are used interchangeably and refer

to the level of a miRNA or gene product in question above which the miRNA or gene product

serves as a biomarker, in a fluid sample, for tissue injury. The threshold typically is defined

experimentally from experimental or clinical studies. The expression threshold can be selected

based on either the need for maximum sensitivity (for example use of an miRNA that is not

specific to detection tissue injury in only a single organ or tissue system of the subject), or for

maximum selectivity (for example to detect tissue injury in only one tissue or organ system of

the subject), or for minimum error.



As used herein, reference to "at least one," "at least two," "at least five," etc., of the

miRNAs listed in any particular table or designated gene set means any one or any and all

combinations of the miRNAs listed.

As used herein, an "isolated nucleic acid" is a nucleic acid molecule that exists in a

physical form that is non-identical to any nucleic acid molecule of identical sequence as found in

nature; "isolated" does not require, although it does not prohibit, that the nucleic acid so

described has itself been physically removed from its native environment. For example, a

nucleic acid can be said to be "isolated" when it includes nucleotides and/or internucleoside

bonds not found in nature. When instead composed of natural nucleosides in phosphodiester

linkage, a nucleic acid can be said to be "isolated" when it exists at a purity not found in nature,

where purity can be adjudged with respect to the presence of nucleic acids of other sequence,

with respect to the presence of proteins, with respect to the presence of lipids, or with respect to

the presence of any other component of a biological cell, or when the nucleic acid lacks sequence

that flanks an otherwise identical sequence in an organism's genome, or when the nucleic acid

possesses sequence not identically present in nature. As so defined, "isolated nucleic acid"

includes nucleic acids integrated into a host cell chromosome at a heterologous site, recombinant

fusions of a native fragment to a heterologous sequence, recombinant vectors present as

episomes or as integrated into a host cell chromosome.

As used herein, a "purified nucleic acid" represents at least 10% of the total nucleic acid

present in a sample or preparation, In preferred embodiments, the purified nucleic acid

represents at least about 50%, at least about 75%, or at least about 95% of the total nucleic acid

in a isolated nucleic acid sample or preparation. Reference to "purified nucleic acid" does not

require that the nucleic acid has undergone any purification and may include, for example,

chemically synthesized nucleic acid that has not been purified.

As used herein, "subject", refers to a vertebrate organism, including but not limited to,

an animal, such as a cow, a pig, a mouse, a rat, a chicken, a cat, a dog, etc., and is usually a

mammal, such as a human, monkey, ape, or baboon.

As used herein, "present invention." is not intended to in any way limit the claimed

invention, and is used herein to refer to any one of the many different aspects, embodiments of

inventions described and/or claimed herein, including or any combination thereof.



II. Aspects and Embodiments of the Invention

The present invention broadly relates to the use of miRNAs as biomarkers for detection

of tissue injury or to classify agents regarding the risk of the agent causing tissue injury. Some

miRNAs have been found to have very specific patterns of gene expression, that is they are

found only in one or a few tissues or organs. An overview of the abundances of miRNAs in the

human body atlas (Example 1) shows that, unlike other plentiful noncoding RNAs such as

ribosomal and spliceosomal RNAs, miRNAs have a diversity of expression patterns that befits

their role as important RNA regulators. Like mRNAs, they show a gradient of expression

patterns ranging from extremely tissue-specific to nearly ubiquitous.

Fluid systems in vertebrates come in contact with many different body tissues and

organs. For example, blood circulates throughout the body, the cerebral spinal fluid circulates

throughout the brain and spinal cord, and urine is a fluid that results from function of the kidney.

Each of these body fluids has the opportunity to accumulate and transport small quantities of

cellular components, including miRNAs, that are released due to tissue injury. Should an tissue

undergo a physical trauma or be subjected to a chemical agent that induces tissue injury, then

miRNAs specific to that tissue or organ might undergo an increase in concentration within the

corresponding fluid associated with the injured tissue.

It 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. For example, any of the embodiments of the present invention can be used on a wide

variety of vertebrate subjects, including for example, dog, cat, pig, rat, mouse, monkey, baboon,

ape, human, bison, cow, horse, and chicken.

In one aspect of the invention, a method is provided for classifying a vertebrate subject as

having tissue injury. In one embodiment, the method comprises obtaining a fluid sample from

the subject and detecting the presence of a miRNA selected from Table 1 in the fluid sample,

wherein the presence of the miRNA is detected when the miRNA has a measured value above a

threshold value for the miRNA. The subject is then classified as having suffered tissue injury if

the detected miRNA has a measured value above the threshold value.



In some embodiments, the classification result is displayed as a written report that,

optionally, provides a summary of the detected miRNA levels and/or an identification of the

tissue that has been most likely injured. In still other embodiments, the classification result is

outputted to a user interface device, a computer readable medium, or a local or remote computer

system

In some embodiments, the threshold value is obtained by obtaining a second measure

value of the miRNA in a control fluid sample obtained from a control vertebrate subject that has

not suffered tissue injury. Alternatively, the threshold value is obtained by obtaining a second

measure value of the miRNA in a control fluid sample obtained from a control vertebrate subject

that is known to have suffered tissue injury. In some embodiments, where the control fluid



sample is obtained from a subject known to have suffered tissue injury, detection of a measured

level that is below the threshold level indicates that little or no tissue injury has occurred, while

detection of a measured level that is at or above the threshold level indicates that tissue injury

has occurred. In some instances, control subjects are further evaluated to determine the degree

of tissue injury using art recognized protein biomarkers or histopathology analysis using samples

of the fluid and/or injured tissue.

In yet other embodiments, the fluid sample is not obtained directly from the injured tissue

but is rather obtained from whole blood, blood plasma, blood serum, cerebrospinal fluid, saliva,

seminal fluid, breast nipple aspirate, or urine, or combinations thereof.

In one specific embodiment, the miRNA is miR-122A and the fluid sample is obtained

from whole blood, blood plasma, or blood serum In this embodiment, if rm'R-122A is detected

in the fluid sample above a threshold level, then the subject is classified as having suffered

damage to the liver.

In another embodiment, the miRNA is miR-10B, miR~10A, miR-19 A, or miR-1 96B,

and the fluid sample is obtained from urine. If one or more of the above listed miRNAs is

detected in the fluid sample above a threshold level, then the subject is classified as having

suffered damage to the kidney.

In another embodiment, the miRNA is miR-216, miR-217 or miR375, and the fluid

sample is obtained from whole blood, blood plasma, or blood serum. If one or more of the above

listed miRNAs is detected in the fluid sample above a threshold level, then the subject is

classified as having suffered damage to the pancreas.

In yet another embodiment, the miRNA is miR-133, miR-1 or miR-206, and the fluid

sample is obtained from whole blood, blood plasma, or blood serum. If one or more of the above

listed miRNAs is detected in the fluid sample above a threshold level, then the subject is

classified as having suffered damage to the skeletal muscle or cardiac muscle.

In another embodiment, the miRNA is miR-124a, miR-9*; miR-9, miR-219, miR-137,

miR-323, miR-330, miR-346, miR-1 53, miR-128a, miR-338, miR-7, miR-329, miR-1 32, miR-

433, miR~128B, miR-138 miR-212, miR-340, miR-1 49, miR-181, miR-383, or miR-129>and

the fluid sample is obtained from whole blood, blood plasma, blood serum, or cerebrospinal

fluid. If one or more of the above listed miRNAs is detected in the fluid sample above a

threshold level, then the subject is classified as having suffered damage to the brain.

In some instances, the inventive methods are used to evaluate whether the subject has

been exposed to an agent that is known to cause tissue injury in vertebrates. In one embodiment,

a control fluid sample is obtained from the subject prior to the subject being exposed to the

agent. After exposure to the agent a fluid sample is obtained and the measured level of miRNA

biomarker is compared to the level in the control fluid sample. For example, the subject may be



undergoing treatment with an agent that is known to cause, in some individuals, damage to the

liver. In this example, the subject would be monitored before and after treatment with the agent

by obtaining a blood sample and then detecting the presence or absence of miR-122 in the

sample. As shown in Examples 2 and 3, the level of miR-122 in blood is typically very low,

however, miR-1 22 levels increase a short time after exposure to agents that are known to induce

liver damage.

In some embodiments, the same methods are used to evaluate the effects of an infectious

agent, such as a virus or bacterium, on a subject wherein the infectious disease is known or

suspected of causing tissue injury. For example, certain forms of hepatitis are caused by viral or

bacterial infections. The degree of liver damage induced by the infection may be monitored by

measurement of miR-122 level in the fluid sample. In some instances, the response of a subject

to treatment can be monitored by regular evaluation of miRNA levels in the fluid sample.

In a second aspect of the invention, a method is provided for monitoring a subject who is

exposed or might have been exposed to an agent that has a risk of causing tissue injury. In one

embodiment, the method comprises obtaining a fluid sample from the subject exposed to the

agent, measuring a level of one or more miRNAs in the fluid sample, wherein the one or more

miRNA is represented by a miRNA listed in Table 1. The subject is then identified as being at

risk of tissue injury, or not being at risk of tissue injury, based on the measured level of the

selected one or more miRNAs. In some embodiment, the measured level of miRNA is compared

to a threshold value, if the measure miRNA value is above the threshold value, then the subject is

identified as being at risk of tissue injury. Alternatively, if the measure value is below the

threshold value, then the subject is identified as not being at risk of tissue injury.

In some embodiments, the identification result is displayed or outputted as a written

report that, optionally, provides a listing of the measured miRNA levels. In still other

embodiments, the identification result is outputted to a user interface device, a computer readable

medium, or a local or remote computer system.

In some embodiments, the threshold value is set by obtaining a second measure value of

the miRNA in a control fluid sample obtained from a control vertebrate subject that has not been

exposed to the agent. In some instances, the control subject is the same individual as the subject,

however, the control fluid sample is obtained prior to exposure to the agent, Alternatively, the

threshold value is set by obtaining a second measured value of the miRNA in a control fluid

sample obtained from a control vertebrate subject that has been exposed to the agent in a amount

sufficient to cause tissue injury, In some instances, control subjects are further evaluated to

determine the degree of tissue injury using art recognized protein biomarkers or histopathology

using a fluid sample or a sample obtained directly from the injured tissue.



In yet other embodiments, the said fluid sample is not obtained directly from the injured

tissue or the tissue that is suspected of being injured, but is obtained from whole blood, blood

plasma, blood serum, cerebrospinal fluid, saliva, seminal fluid, breast nipple aspirate, or urine, or

combinations thereof.

In one specific embodiment, where the agent is known to have a risk of causing tissue

injury to the liver, the selected miRNA is miR-122A and the fluid sample is obtained from whole

blood, blood plasma, or blood serum. In this embodiment, if miR-122A is detected in the fluid

sample above a threshold level, then the subject is identified as being at risk of suffered tissue

injury to the liver and exposure to the agent should be altered, i.e., stopped or the exposure

lowered. Exemplary agents include, any compound or agents known to have a risk of inducing

tissue injury to the liver. Such agents include, alcohol, acetaminophen, nefazodone HCL,

darnuavir, interferon beta- Ia, telithromycin, bromobenzene, carbon tetrachloride, and

tricholorobromomethane,

In another embodiment, where the agent is known to have a risk of causing damage to the

kidney, then the selected miRNA is miR-lOB, miR-lOA, miR-196A, or miR-196B, and the fluid

sample is obtained from urine. In this embodiment, if one or more of the above listed miRNAs

is detected in the fluid sample above a threshold level, then the subject is identified as being at

risk of suffered tissue injury to the kidney and exposure to the agent should be altered, i.e.,

stopped or the exposure lowered. Exemplary agents include any compound or agents known to

have a risk of inducing tissue injury to the kidney. Such agents include, cisplatin, cyclosporin A,

carbapenem A, gentamicin, adriamycin, rosiglitazone, and pioglitazone.

In another embodiment, where the agent is known to have a risk of causing tissue injury

to the pancreas, then the selected miRNA is miR-216, miR-217 or miR375, and the fluid sample

is obtained from whole blood, blood plasma, or blood serum. In this embodiment, if one or more

of the above listed miRNAs is detected in the fluid sample above a threshold level, then the

subject is identified as being at risk of suffered tissue injury to the pancreas and exposure to the

agent should be altered, i.e,, stopped or the exposure lowered. Exemplary agents include any

compound or agents known to have a risk of inducing tissue injury to the pancreas. Such agents

include, rosiglitazone, pioglitaxone, and Staphylococcal α-toxin.

In another embodiment, where the agent is known to have a risk of causing tissue injury

to muscle, such as skeletal muscle or cardiac muscle, then selected miRNA is miR-133, miR-1 or

miR-206, and the fluid sample is obtained from whole blood, blood plasma, or blood serum. In

this embodiment, if one or more of the above listed miRNAs is detected in the fluid sample

above a threshold level, then the subject is identified as being at risk of suffered tissue injury to

muscle and exposure to the agent should be altered, i.e., stopped or the exposure lowered.

Exemplary agents include any compound or agents known to have a risk of causing tissue injury



to muscle. Such agents include, statins, chloroquine, ephedrine, 2,3,5,6-tetramethyl-p

phenylenediamine doxorubicin, allylamine, and isoproterenol,

In another embodiment, where the agent is known to have a risk of causing tissue injury

to the brain, then the selected miRNA is miR-124a, miR-9*; miR-9, miR-219, rm'R-137, miR-

323, miR-330, miR-346, miR-153, miR-128a, miR-338, miR-7, miR-329, miR-132, miR-433,

miR-128B, miR-138, miR-212, rm'R-340, miR-149, miR-181, miR-383, or miR-129, and the

fluid sample is obtained from whole blood, blood plasma, blood serum, or cerebrospinal fluid.

In this embodiment, if one or more of the above listed miRNAs is detected in the fluid sample

above a threshold level, then the subject is identified as being at risk of tissue injury to the brain

and exposure to the agent should be altered, i.e., stopped or the exposure lowered. Exemplary

agents include any compound or agents known to have a risk of inducing brain damage, Such

agents include, lead, mercury, manganese, 3,4-methylenedioxymethylamphetamine, and

tipranavir when co-administered with ritonavir.

In a third aspect of the invention, a method is provided for identifying an agent as having

a risk of causing tissue injury to a vertebrate subject. In one embodiment, the method comprises

obtaining a fluid sample from the subject exposed to the agent, measuring a level of one or more

miRNAs in the fluid sample from the subject, wherein the one or more miRNA is represented by

a miRNA listed in Table 1. The agent is then identified as having a risk of causing tissue injury

based on the measured level of the one or more miRNAs in the fluid sample. In one

embodiment, the measured level of miRNA is compared to a threshold value, if the measure

miRNA value is above the threshold value then the agent is identified as being at risk of causing

tissue injury.

In some embodiments, the identification result is displayed or outputted as a written

report that, optionally, provides a listing of the measured miRNA levels. In still other

embodiments, the identification result is outputted to a user interface device, a computer readable

medium, or a local or remote computer system.

In other embodiments, the threshold value is set by obtaining a second measured value of

the miRNA in a control fluid sample obtained from a control vertebrate subject that has been

exposed to an agent in a amount that is known cause tissue injury. Alternatively, the threshold

value is set by obtaining a second measured value of the miRNA in a control fluid sample

obtained from a control vertebrate subject that has not been exposed to an agent that is known to

cause tissue injury. In some instances, control subjects are further evaluated to determine the

degree of tissue injury using art recognized protein biomarkers or histopathology.

In yet other embodiments, the fluid sample is not obtained directly from the injured tissue

or the tissue that is suspected of being injured but is rather obtained from whole blood, blood



plasma, blood serum, cerebrospinal fluid, saliva, seminal fluid, breast nipple aspirate, or urine, or

combinations thereof.

In one specific embodiment, where the agent is being tested to determine if it has a risk of

causing tissue injury to the liver, the selected miRNA is miR-122A and the fluid sample is

obtained from whole blood, blood plasma, or blood serum. In this embodiment, if miR-122A is

detected in the fluid sample above a threshold level, then the agent is identified as having a risk

of causing tissue injury to the liver.

In another embodiment, where the agent is being tested to determine if it has a risk of

causing tissue injury to the kidney, the selected miRNA is miR-10B, miR-lOA, miR-196A, or

rniR-196B, and the fluid sample is obtained from urine. In this embodiment, if one or more of

the above listed iniRNAs is detected in the fluid sample above a threshold level, then the agent is

identified as having a risk of tissue injury to the kidney.

In another embodiment, where the agent is being tested to determine if it has a risk of

causing tissue injury to the pancreas, the selected miRNA is miR-216, miR-217 or miR375 and

the fluid sample is obtained from whole blood, blood plasma, or blood serum, In this

embodiment, if one or more of the above listed miRNAs is detected in the fluid sample above a

threshold level then the agent is identified as having a risk of causing tissue injury to the

pancreas.

In another embodiment, where the agent is being tested to determine if it has a risk of

causing tissue injury to muscle, such as skeletal muscle or cardiac muscle, the selected miRNA is

miR-133, miR-1 or miR-206, and the fluid sample is obtained from whole blood, blood plasma,

or blood serum. In this embodiment, if one or more of the above listed miRNAs is detected in

the fluid sample above a threshold level, then the agent is identified as having a risk of causing

tissue injury to muscle.

In another embodiment, where the agent is being tested to determine if it has a risk of

causing tissue injury to the brain, the selected miRNA is miR-1 24a, miR-9*; miR-9, miR-219,

miR-137, rniR-323, miR-330, miR-346, miR-1 53, miR-128a, miR-338, miR-7, miR-329, miR-

132, miR-433, miR-128B, miR-138, miR-212, miR-340, rm' R-149, miR-181, miR-383, or miR-

129, and the fluid sample is obtained from whole blood, blood plasma, blood serum, or

cerebrospinal fluid. In this embodiment, if one or more of the above listed miRNAs is detected

in the fluid sample above a threshold level, then the agent is identified as having a risk of causing

tissue injury to the brain.

In some embodiments, the method is repeated using a plurality of different agents and a

plurality of different subjects and the plurality of agents are rank order listed based upon the risk

of each agent causing tissue injury.



This aspect of the invention maybe used to evaluate the risk of tissue injury for a wide

variety of therapeutic agents, including, but not limited to, proteins, such as antibodies, enzymes,

etc., nucleic acids, such as antisense oligonucleotides, siRNAs, miRNAs, miRNA antimers, etc.,

and small molecule compounds.

Alternatively, the inventive methods can be used to access the risk of exposure of a

subject to toxic or infectious agents including, for example, viruses, bacteria, household cleaners,

paints, heavy metals and other chemicals, food additives. Alternatively, the inventive methods

might be used to monitor water quality, food quality or any other application where it is desirable

to determine the risk of exposure to an agent.

It is a further aspect of the present invention to provide a kit for use in the practice of any

of the inventive methods disclosed herein, including, for example, determining or predicting

whether a subject has suffered tissue injury, such as for example, as a side effect of therapeutic

treatment with an agent or as the result of physical trauma, for example stroke.

Embodiments of this aspect contemplate a kit comprising a pair of primers for nucleic

acid amplification and/or a probe for hybridization to a miRNA biomarker of the present

invention that is predictive of tissue injury to one or more tissue or organ, in a fluid sample

obtained from a subject; and instructional material for use of the primers and/or the probe to

determine the presence or the absence of the miRNA in the fluid sample. Alternatively, provided

in the kit are one or more microarrays, e.g., oligonucleotide microarrays or cDNA microarrays

comprising probes that hybridize to the predictive miRNA biomarkers and instruction for use of

the microarray. In some embodiments the kits, comprising probes for miRNA biomarkers of

tissue or organ damage, such as for example, miR~122A, miR-lOB, miR-lOA, rm' R-196A, miR-

196B, miR-133, mxR-1, miR-206, miR-124a, rm'R-9*; miR-9, miR-219, miR-137 ; miR-323,

miR-330, miR-346, miR-153, miR-128a, miR-338, miR-7, miR-329, miR-132, miR-433, miR-

128B, miR-138, miR-212, miR-340, miR-149, miR-181, miR-383, miR-129, miR-216, miR-217

or miR375, or a combination thereof; and, in suitable containers, control or reference samples to

compare the patient measured miRNA values to; and instructions for use.

In a different aspect, the invention concerns a method of preparing a personalized

miRNA tissue injury profile for a subject or an agent, comprising the steps of: (a) subjecting

RNA extracted from a fluid sample obtained from the subject exposed to an agent to miRNA

expression analysis; (b) determining the expression level of one or more of the miRNA tissue

injury biomarkers disclosed herein, wherein the expression level is normalized against one or

more control miRNAs, or one or more control genes, and optionally is compared to the level of

miRNA or control genes found in a tissue injury reference set that provides threshold values for a

plurality of tissue injury miRNAs in each fluid type in association with a type of tissue injury;

and (c) creating a report summarizing the data obtained by the miRNA expression analysis. The



report may, for example, optionally include prediction of the degree of tissue injury present in

the subject and/or likely causative agents. Those skilled in the art should understand that in the

methods of the invention, the "providing a biological sample from a subject" is not a necessary

feature to exploit the invention. Therefore, some embodiments of the invention may exclude this

step.

In some embodiments of the present invention, the measured value is obtained using a

polymerase chain reaction method, a Northern blot hybridization method, or a nucleotide

microarray hybridization method, a single -molecule method or any other method that is capable

of providing a measured level (either as a quantitative amount or as an amount relative to a

standard or control amount, i.e., a ratio or a fold-change) of a microRNA within a cell or tissue

sample.

Fluid samples can undergo any of a variety of sample preparation procedures known in

the art to prepare nucleic acid molecules for analysis, such as, for example, the methods

referenced in the Examples. In some embodiments, the fluid sample undergoes a heat lysis

treatment, and microRNA is quantified thereafter. In other embodiments, for example when the

fluid sample is blood, the fluid sample can be collected in a commercially available Tempus

Tube® from Applied Biosystems, and microRNA quantified thereafter. In some circumstances,

the fluid samples may be kept at room temperature. In other instances, the samples will be kept

at less than about 10 degrees centigrade, or less than about zero degrees centigrade, or less than

about minus 20 degrees centigrade or less than about minus 60 degrees centigrade. For example,

the samples may be maintained on water ice, dry ice or in liquid nitrogen, until nucleic acid is

extracted from the sample. In some embodiments, various other sample preparation procedures

commonly employed in the art of molecular biology can be employed, including for example the

mirVana micro RNA isolation kit {commercially available from Ambion) and the 6100 nucleic

acid sample prep products commercially available from Applied Biosystems.

In some embodiments, the comparison of the measured value and the reference or control

value includes calculating a fold difference between the measured value and the reference value.

In some embodiments the measured value is obtained by measuring the level of miRNA

biomarker in the sample, while in other embodiments the measured value is obtained from a third

party. In certain embodiment, measured expression level of miRNA evaluated to determine that

it is statistically significant, e.g., has a p-value of <0.05 or <0.1.

As noted, supra, it is understood that a miRNA level can be obtained by any method and

that the measurement level can be a absolute level, i.e., intensity level from a microarray, a ratio,

i.e., compared to a control level either of a reference transcript or the miRNA itself, or a log

ratio. For example, the pre-determined level may comprises performing the same miRNA

measurement determination in a control sample of cells and comparing the same to a fluid



sample obtained from subject who is being tested for tissue injury. In another non-limiting

example, the control sample may be a plurality of samples obtained from a single or a plurality

of subjects that have not been exposed to an agent under evaluation for tissue injury or a sample

of cells from a subject exposed to a known tissue injury agent. Other control samples are within

the level of skill level of a skilled laboratory technician, clinician or scientist.

The absolute or relative amounts of expression of one or more genes, including miRNA

genes, or the pattern of expression of multiple genes, can be measured by any method for

measuring gene expression. For example, reverse transcription followed by PCR (referred to as

RT-PCR) can be used to measure gene expression. RT-PCR involves the PCR amplification of a

reverse transcription product, and can be used, for example, to amplify very small amounts of

any kind of RNA (e.g., mRNA, rRNA, tRNA). RT-PCR is described, for example, in Chapters 6

and 8 of The Polymerase Chain Reaction, Mullis, KB., et al., Eds., Birkhauser, 1994, the cited

chapters of which publication are incorporated herein by reference.

A sensitive quantitative PCR (qPCR) methods has been developed to improve the

detection and measurement of miRNA transcripts (Raymond et al, 2005, RNA 11:1737; WO

2006/081282). The above-cited publications by Raymond et al., describe the methods and

reagents needed to quantitatively determine miRNA levels in a variety of vertebrate species.

Instructions and reagents, including qPCR primers for a large number of miRNAs in human, rat

and mouse are available from Exiqon, Inc. (Woburn, MA).

Again by way of example, kits, reagents and instructions are available from Exiqon, Inc.

(Woburn, MA) that utilize LNA probes for detection of miRNAs from a large number of

vertebrate species using Northern blot hybridization methods.

By way of further example, DNA microarrays can be used to measure gene expression, in

particular miRNA expression levels. In brief, a DNA microarray, also referred to as a DNA

chip, is a microscopic array of DNA fragments, such as synthetic oligonucleotides, disposed in a

defined pattern on a solid support, wherein they are amenable to analysis by standard

hybridization methods (see Schena, 1996, BioEssays 18:427). Exemplary microarrays and

methods for their use in the detection of miRNA levels in human, rat and mouse are available

from Agilent Technologies (Santa Clara, CA) and Exiqon, Inc.

Alternatively, a variety of other method can be used to determine the level of a miRNA in

a sample. Neely et al. (2006, Nat. Methods 3:41-46) provide a single-molecule method for the

quantitation of microRNA gene expression. Geiss et al. (2008 Nat. Biotechnol. 26:317-325)

described a multiplex NanoString nCounter gene expression system that has reported potential to

perform multiplex miRNA profiling (Fortina and Surrey Nat. Biotechnol. 26:293-94). Bloch

(US 2007/0054287) describes a stem-loop primer PCR method to measure miRNA levels in

order to diagnose cancer and other biological conditions.



Art-recognized statistical techniques can be used to compare the levels of expression of

individual genes, or groups of genes, to identify genes which exhibit statistically significantly

different expression levels in RNA samples prepared from a fluid sample obtained from a

subject. Thus, for example, a l-test can be used to determine whether the mean value of repeated

measurements of the level of expression of a particular gene or miRNA is significantly different

in a sample from a subject as compared to control sample. Similarly, Analysis of Variance

(ANOVA) can be used to compare the mean values of two or more populations of genes or

miRNAs in sample from a subject compared to a control sample to determine whether the means

are significantly different.

In some embodiments, microRNA expression levels can be normalized to the number of

cells directly measured in the test sample by conventional means. In other embodiments, it may

be easier and cheaper to normalize to the expression levels measured for housekeeping small

RNA, such as described in US 2007/0054287, in parallel to those for the microRNA tissue injury

biomarker, which in turn can be calibrated on a per-cell basis in separate reactions. In some

embodiments, the endogenous control sequence can be a microRNA that is normally abundantly

expressed in fluid sample but is not expressed in the tissue or organ being evaluated for tissue

injury.

In some embodiments, the quantity of the endogenous control miRNA correlates

negatively with the presence of tissue injury to the target organ or tissue. For example, the

sensitivity and/or accuracy of the method may be improved be evaluating the quantity of the

target miRNA, that is the miRNA that is a biomarker for tissue injury to the target organ or tissue,

and quantity of the control miRNA, that is a miRNA known to be present in organs or tissues

that are not being evaluated for tissue injury, and comparing the measure quantities to one

another.

EXAMPLES

Examples are provided below to further illustrate different features and advantages of the

present invention. The examples also illustrate useful methodology for practicing the invention.

These examples do not limit the claimed invention.

Example 1: Tissue Specific miRNAs

This examples shows the identification of tissue-specific miRNAs that are candidate

miRNAs to detect tissue injury in fluid samples. A quantitative PCR method (Raymond et al.,

2005, RNA 11:1737; WO 2006/081282) was used to detect and quantitate -200 different

miRNAs on a robotic platform. MicroRNA levels were measured from 23 human tissues and



cell lines (the miRNA body atlas). Abundance measurements for miRNAs in the body atlas.

Measurements are estimates of the number of miRNA copies per a cell, assuming 20pg of total

RNA per a cell and using DNA standards.

An overview of the abundances of miRNAs in across these tissues (data not shown)

shows that, unlike other plentiful noncoding RNAs such as ribosomal and spHceosomal RNAs,

miRNAs have a diversity of expression patterns that befits their role as important RNA

regulators. Like mRNAs, they show a gradient of expression patterns ranging from extremely

tissue-specific to nearly ubiquitous. Figure 1 and Tables 2A and 2B shows a view of the most

tissue-specific miRNAs, as calculated using a simple standard deviation metric. The tissue

specificity of a miRNA was measured by dividing the standard deviation across samples by the

mean across samples. Shown here are 28 miRNA species for which this ratio was greater than 2,

and which were expressed in a tissue at a level of at least 50 copies per cell. For the ratio

calculation, intestinal samples were averaged (colon, duodenum, ileum, jejunum), as were

muscle (skeletal, heart, and bladder) and cell lines. ∆Ct values were converted to copy number

by comparison with standard curves generated by use of defined inputs of single stranded mature

miRNAs.

Table 2A. Copies per cell in twelve tissues of 28 miRNAs determined using real time PCR

analysis.



Table 2B, Copies per cell in three human tissues and seven human cell lines of 28 miRNAs

determined usin real time PCR anal sis.

These data, and data not shown, allow the following miRNAs to be identified as tissue

enriched:

rm'R-122a is expressed primarily in the liver;



miR-133 is expressed primarily in heart and skeletal muscle, and is also readily

detectable in organs that contain smooth muscle tissue such as the intestine, vena cava, and

bladder, and in addition, miR-1 and miR-206 are also expressed primarily in muscle;

miR196a, miR196b, miR-204, miR-1 Oa and miR-1 Ob are expressed primarily in the

kidney;

miR-216, miR-217 and miR-375 are expressed primarily in the pancreas; and

miR-124a, miR-9*; miR-9, miR-219, miR-1 37, miR-323, miR-330, miR-346, miR-1 53,

miR-1 28a, miR-338, miR-7, miR-329 miR-1 32, miR-433, miR-128b, miR-1 38, miR-212, miR-

340, miR-149, miR-1 81, miR-383, and miR-129 are expressed primarily in the brain.

Example 2 : Pooled Sample Study: miR- 122 and miR-1 33 levels in blood plasma are

biomarkers for tissue injury to liver and muscle, respectively,

To explore the feasibility of detecting miRNA tissue injury biomarkers in plasma, a pilot

study was performed in which pooled blood plasma samples from rat toxicology studies were

analyzed using a qPCR-based assay (Raymond et al., 2005, RNA 11:1737; WO 2006/081282).

The miRNAs miR- 122 and miR-133 were chosen for quantification because they are extremely

abundant and specific to liver and muscle, respectively (Figure 1). Stored plasma samples from

rats that had previously been treated with a liver damaging agent trichlorobromomethane

(CBrCU) or with one of two muscle damaging agents 2,3,5,6-tetramethyl-p phenylenediamine

(TMPD) or cerivastatin) were assayed form miRNA levels using qPCR.

Animals Male and female Sprague-Dawley rats were obtained from Charles River

Laboratories, Inc. (Raleigh, North Carolina). The rats were approximately seven to eight weeks

of age and weighed from 125 to 325 grams at the start of the study. The animals were

acclimated for approximately one week and randomized into treatment and control groups.

During the toxicity studies targeting liver, the animals were maintained on a caloric-restricted

diet, and fasted overnight prior to necropsy. Doses were different for each model compound

tested and were calculated based on animal body weight. For the compounds, routes of

administration, dose groups, and time points, see the below compound section.

Test Compounds

Skeletal Muscle Toxicant

2,3,5,6-tetramethyl-p phenylenediamine (TMPD)

Doses: 6 mg/kg bid



Dosing: 0.9% NaCl by subcutaneous injection

Animals: Sprague Dawley Male Rats

Time Points: Day 3, TMPD Plasma (Day 3) and Controls (5 samples, lOOul each

pooled = 500ul total).

Liver Toxicant

Trich ϊorbromomethane (CCl 3Br)

Doses: 0.1 ml/kg

Dosing: 100% liquid paraffin by oral gavage

Animals: Sprague Dawley Male Rats

Time Point: Day 2 4 CCl Br Plasma (Days 2 & 4) and Controls (5 samples,

lOOul each pooled 500ul total)

Liver and Muscle Toxicant

Cerivastatin

Doses: 1.0 mg/kg/day

Dosing: 0.5 % methylcellulose by oral gavage

Animals: Sprague Dawley Female Rats

Time Point: Day 14 Cerivastatin Plasma (Day 14) and Controls (5 samples, lOOul

each pooled = 500 µl total)

Plasma Samples AU plasma samples were collected in EDTA tubes at final

necropsy from the vena cava. Samples were inverted several times, and centrifuged for

20 minutes at 2,900 RPM at 40C. Plasma samples were removed and stored at -700C. Pooled

blood plasma samples from rat toxicology studies were analyzed using a qPCR-based assay

(Raymond et al, 2005, RNA 11:1737; WO 2006/081282). Control slope and intercept values for

miR-122 and miR-133 were calculated from a concentration series of each microRNA added to

total yeast RNA and then analyzed using the qPCR assay for each miRNA. The slope and

intercept values from the standard curve were used to calculate the amount of each respective

miRNA in each sample expressed as the number of miRNA copies per 20 ng of total RNA in

each sample. Cycle threshold values (Ct) for each sample were converted to miRNA copy



numbers by comparison to standard curves generated using single stranded mature miRNAs and

are expressed as copies/20 pg input RNA (approximately equivalent to copies/cell).

Table 3 shows the amount of miR-122 in the pooled plasma samples from treated and

non-treated animals as compared to miR-122 levels in human liver tissue, human skeletal muscle

tissue and rat liver tissue.

Table 4 shows the amount of miR-133 in the pooled plasma samples from treated and

non-treated animals as compared to miR-122 levels in human liver tissue, human skeletal muscle

tissue and rat liver tissue.



The data presented in Table 3 and Table 4 shows miR-122 was detected at very high

levels in the plasma of liver-damaged animals, but not in the muscle-damaged animals or the

controls. Conversely, miR-133 was detected at very high levels in the plasma of muscle-

damaged animals, but not in the liver-damaged animals or the controls. These results showed

that miRNAs could not only be successfully detected in blood plasma, but that miR-122 and

miR-133 appear to be specific biomarkers of tissue injury to liver and muscle, respectively.

Example 3 : Individual Sample Study: miR-122 and miR-133 levels in blood plasma are

biomarkers for tissue injury to liver and muscle, respectively..

This examples confirms the usefulness of the tissue-specific miRNAs miR-122 and

miR-133 as biomarkers for tissue injury to liver and muscle, respectively. Analysis of plasma

from a limited number of rat models of tissue injury shows that miR-122 has good sensitivity

and specificity as compared to the ALT/AST assays that are the accepted standards of liver

toxicology.

To follow up on the initial results shown in Example 2, blood samples from 44 individual

rats that had been treated with varying doses of CBrCl , CC (another liver toxicant), or TMPD

were evaluated using qPCR of miR-122 and miR-133. In addition, data from histopathology and

a panel of standard biomarkers (ALT, AST, CK, skTnϊ , etc.) were also available for these same

individual rats and were used to compare the results from microRNA assays with the standard

histopathology and protein biomarkers.

Animals Male and female Sprague-Dawley rats were obtained from Charles River

Laboratories, Inc. (Raleigh, North Carolina). The rats were approximately seven to eight weeks

of age and weighed from 125 to 325 grams at the start of the study. The animals were

acclimated for approximately one week and randomized into treatment and control groups.

During the toxicity studies targeting liver, the animals were maintained on a caloric-restricted



diet, and fasted overnight prior to necropsy. Doses were different for each model compound

tested and were calculated based on animal body weight. For the compounds, routes of

administration, dose groups, and time points, see the below compound section.

Test Compounds

Skeletal Muscle Toxicant

2,3,5,6-tetramethyl-p phenylenediamine (TMPD)

Doses: 2, 4 mg/kg bid

Dosing: 0.9% NaCl by subcutaneous injection

Animals: Sprague Dawley Male Rats

Time Points: TMPD Plasma (Day 2) and Controls (5 samples per group, lOOµl

each pooled 500µl total).

Liver Toxicant

Trichlorobromomethane (CCl Br)

Doses: 0.03, 0.1 ml/kg

Dosing: 100% liquid paraffin by oral gavage

Animals: Sprague Dawley Male Rats

Time Point: CCl Br Plasma (Days 2 & 4) and Controls (4 controls, 3 samples per

group, lOOµl each)

Carbon Tetrachloride (CCl 4)

Doses: 0,03, 0.1, 0.3 ml/kg

Dosing: 100% liquid paraffin by oral gavage

Animals: Sprague Dawley Male Rats

Time Point: CCl4 Plasma (Days 2) and Controls (4 samples per group, lOOul

each)

Plasma Samples All plasma samples were collected in EDTA tubes at final

necropsy from the vena cava. Samples were inverted several times, and centrifuged for 20

minutes at 2,900 RPM at 40C. Plasma samples were removed and stored at -7O0C. Pooled blood

plasma samples from rat toxicology studies were analyzed using a qPCR-based assay (Raymond

et al, 2005, RNA 11:1737; WO 2006/081282). Control slope and intercept values for miR-122



and miR-133 were calculated from a concentration series of each microRNA added to total yeast

RNA and then analyzed using the qPCR assay for each miRNA. The slope and intercept values

from the standard curve were used to calculate the amount of each respective miRNA in each

sample expressed as the number of miRNA copies per 20 ng of total RNA in each sample. Cycle

threshold values (Ct) for each sample were converted to miRNA copy numbers by comparison to

standard curves generated using single stranded mature miRNAs and are expressed in Table 4 as

copies/20 pg input RNA (approximately equivalent to copies/cell).

Table 4 . MicroRNA and clinical chemistry measurements in blood plasma samples and

corresponding liver or muscle histopatholgy scores.

Treatment Animal Liver Histopathology Scores*
miR- miR- AST ALT

CCl, 122 133 Unit Unit Necrosis Degeneration Inflammation Vacuole tiou

control 06-2712 0.5 0.5 94 22 0 0 0 0

06-2714 1.4 0.5 86 25 0 0 0 0

06-2716 2.6 0.7 73 22 0 0 0 0

06-2718 5.6 1.1 153 23 0 0 0 0

0.03 mL/kd 06-2750 2.4 0.3 92 25 0 0 0 0

06-2752 5.5 0,5 88 20 0 0 0 0

06-2754 8.7 0.3 76 25 0 0 0 0

06-2756 10.0 1.0 84 25 0 0 0 0

O.I mL/kg 06-2770 7.9 0.3 96 25 0 0 0 0

06-2772 107.4 0.3 116 40 1 1 2 1

06-2774 14.3 0.4 102 40 1 1 1 1

06-2776 119.4 0.4 126 4 1 0 0 0 1

0.3 mL/kg 06-2790 1563.6 1.4 345 87 1 2 2 0

06-2792 194.3 0.4 216 77 1 2 1 0

06-2794 191.4 0.3 157 62 1 2 2 0

06-2798 164.6 0.1 225 56 1 2 2 0

Liver Histopathology Scores
miR- miR- AST ALT

CBrCI 3 122 133 Unit unit Necrosis Degeneration Inflammation Mitotic Index

control 06-2720 5.5 0.5 83 26 0 0 0 0

06-2722 4.1 0.6 105 26 0 0 0 0

06-2724 3.1 1.2 99 26 0 0 0 0

06-2728 15.9 0.2 97 24 0 0 0 0



0,03 mL/kg 06-2832 860.8 0.7 366 142 1 2 1 0

Day 2 06-2834 45.1 0.2 83 36 0 0 0 0

06-2838 47,3 0.4 93 36 0 1 1 0

0,03 mL/kg 06-2840 90.2 1.2 138 34 0 0 0 0

Day 4 06-2842 56.2 2.0 118 43 0 1 0 0

06-2844 20.5 0.3 108 32 0 1 0 0

0.1 mL/kg 06-2860 4049.2 0.8 1543 1388 3 2 2 1

Day 4 06-2862 335,5 0.4 370 191 1 1 2 1

06-2864 304.0 0,4 519 223 1 1 2 2

Muscle Histopathology
miR- rniR-
122 133 Quad Soleus

(Overall (Overall
AST ALT CK

TMPD U/L U/L U/L Damage) Damage)

control 05-1640 2,7 0.7 97 27 567 0 0

054642 1.3 0.8 97 23 579 0 0

05-1644 2.7 1.8 84 35 368 0 0

05-1646 6.9 0.3 107 29 612 0 0

05-1648 6.8 0.4 88 33 362 0 0

2mg/kg bid 05-1670 2.6 0.9 120 29 424 0 0

05-1672 5.6 4.3 164 36 695 0 0

05-1674 7.3 9.3 203 37 696 1 0

05-1676 0.8 1.3 111 27 450 0 0

05-1678 2,2 4.1 167 30 463 0 0

4 mg/kg bid 05-1700 9.5 19.3 357 60 363 1 1

05-1702 1.8 63.9 1250 133 767 1 1

05-1704 15.7 79.3 1740 215 1252 2 0

05-1706 11.7 63.8 700 94 439 1 1

05-1708 3.2 16.7 501 56 343 2 0

Histopathology scores: 1 = very slight, 2 = slight or small, 3 = moderate, 4 = marked, 5

severe tissue injury.

The data in Table 4 show that miR-122 signal was detected in all cases where liver

histopathology was detected. Of special interest are animals #06-2834 and #06-2840, where,

although no liver histopathology was detected, high levels of miR-122 in these animals (relative

to controls) are consistent with their liver toxicant treatment and the liver histopathology in their



cohorts. This data suggests that liver injury may have occurred but was not observed by the

pathologist in the section examined.

Figure 2 shows box plots of a subset of the miRNA measurements displayed in Tables 4

and 5 and standard biomarker levels in plasma from dosed rats. Measurements taken from

individual dosed rats are summarized in boxplots, where the first and third quartile are indicated

by the borders of the rectangle, Measurements that are significantly greater (p<0.05, Mann-

Whitney) than the controls are shown with an asteric under the sample name. Panel A) shows

measurement of muscle biomarkers: skeletal troponin (skTnl), creatine kinase (CK), and miR-

133 (miR_J33). Panel B) shows measurement of liver injury biomarkers: aspartate

aminotransferase (AST), alanine aminotransferase (ALT), and miR-122 (miR__122). Controll :

control group for TMPD treatments. TMPD_2: 2mg/kg TMPD dose, 2 days. TMPD_4: 4mg/kg

TMPD dose, 2 days. Control2: control group for CBrCi treatments. CBC13_003: 0.03 ml/kg

CBrCl 3 dose, 2 days. CBC13_OO3_4: 0.03 ml/kg CBrCl dose, 4 days. CBC13_p ϊ _4: 0.1 ml/kg

CBrCl 3 dose, 4 days. Control3: control group for CCl4 treatments. CCl_003: 0.03 ml/kg CCl4

dose, 2 days. CClJ)1 : 0.1 ml/kg CCl4 dose, 2 days. CCl_03: 0.3 ml/kg CCl4 dose, 2 days.

The data presented in Table 4 and Figure 2 (control vs. toxicant-treated rats) shows that

microRNAs compare favorably with the standard biomarkers for each tissue injury. For

example, Figure 2(A) demonstrates that miR-133 measurements can detect TMPD dosing in rats

as sensitively as skeletal troponin levels and more sensitively than the creatine kinase enzymatic

assay. Similarly, the data in Figure 3 show that miR-122 measurements are reporting on CBrCl

and CCl4 dosing as sensitively as alanine aminotransferase, and more sensitively than aspartate

aminotransferase,

Furthermore, whereas ALT and AST were significantly elevated upon dosing with the

muscle toxicant TMPD, miR-122 was not. Thus, miR-122 levels may be a more specific marker

of liver injury than ALT and AST, given that no liver histopathology has been observed in

TMPD-treated rats. In fact, as presented in Figure 3, miR-122 is shown to be a better predictor

of liver injury than ALT and AST using liver histopathology data as the reference in a receiver

operating characteristic (ROC) curve analysis (Fawcett, 2006, Pattern Recognition Letters

27:861).

The ROC curve analysis data may be underestimating miR-122's predictive ability,

however, as miR-1 22 may turn out to be more sensitive than liver histopathology observations in

certain situations.



Example 4; MicroRNA miR- 133 is a blood biomarker for skeletal muscle injury in dogs.

This examples shows that miR-133 is a blood bourn biomarker for exercise induced

tissue injury to muscle in dogs. Analysis of plasma from the dogs shows that miR- 122 has good

sensitivity and specificity as compared to the creatine kinase (CK), aspirate aminotransferase

(AST) and alanine amino transferase (ALT) assays that are the accepted standards of myopathy.

Skeletal muscle responses to an exercise stimulus are complex. The muscle responds in

the short term by increasing ATP production to meet the energy demands of the exercise.

However, exercise can also elicit a longer term response in which the muscle adapts to future

work requirements through hypertrophy and increasing oxidative metabolic capacity, These are

major components of the classical training response. Additionally, exercise can result in muscle

injury characterized by sarcolemmal damage, with or without evidence of inflammation and

pain. The skeletal muscle responses evoked are dependent on the intensity, duration and type

(eccentric, concentric) of exercise.

Alaskan sled dogs used in competition are elite athletes that undergo regular exercise

training. The present study utilized Alaskan sled dogs before and after a prolonged endurance

exercise training session to characterize the exercise-induced, time dependent changes in skeletal

muscle gene expression.

In this study the test subjects were 14 Alaskan sled dogs who were randomly assigned to

two groups - one group of 10 dogs who ran 160 km in 24 hours. All dogs completed the

exercise regimen without evidence of muscle soreness. The second group consisted of 4 dogs

that did not run. Blood samples were collected from all dogs within a 10 minute window at 2, 6,

12, and 24 hours after completing the run. RNA was extracted from blood samples and

subjected to mircroRNA analysis using qPCR probes directed to miR-133. In addition,

conventional plasma markers (CK, ALT AST) were measured for all plasma samples to evaluate

if the animals exhibit symptoms of exercise induced myopathy.

Plasma protein markers and miR-133 levels in the sled dogs over the pre- and post-run

intervals are shown in Table 5 .

Table 5 . Pre- and post- exercise plasma biomarker values.





Poke 13 4 616 77 89 10.0 334 7 1 66

Clear indication of exertion induced tissue injury to muscle was obtained based upon the

levels of the traditional protein biomarkers. The peaks in AST and CK levels at the two hour

post-exercise time intervals are indicators of exercise induced tissue injury to muscle. The AST

and CK levels were also highly correlated with miR-133 levels that also peaked in the two-hour

post exercise plasma samples. However, unlike miR-1 33, which is specific to muscle cells, the

ALT, AST, and to a lesser extent CK values are not tissue specific and also can arise from injury

to other tissues, such as heart (CK, AST, ALT) or liver (ALT, AST). By 24 hours after exercise

the blood plasma levels of CK, AST, ALT and miR-133 all dropped to almost pre-exercise

levels.



Example 5: MicroRNA miR-1 24 is a blood biomarker for ischemic tissue injury in brain,

This examples shows that miR-124 is a biomarker for tissue injury in brain. Analysis of

blood plasma from a limited number of rat models of stroke induced tissue injury shows that

miR-124 has good sensitivity and specificity as a tissue injury biomarker in brain.

A rat stroke model was used to assess the presence of miR-124 in blood plasma as a

function of time. Ischemia was induced in femoral vein cannulated male Sprague-Dawley rats

(Charles-River) using the middle cerebral artery occlusion (MCAO) intra-luminal ølament

method (Longa et al., 1989, Stroke 20:84-91). Both transient (t) and permanent (p) and MCAO

methods were used to obtain different degrees of tissue injury in the brain. Animals with sham

operations were included as controls (sham). Blood (EDTA plasma) was collected at 2 hours

[sham (n=4), tMCAO (n=3), pMCAO (n=5)] and 24 hours [sham (n=4), pMCAO (n=4), tMCAO

(n=4)j post-surgery. Total RNA was obtained and qPCR was performed as described in

Examples 2 and 3. Surgical induced stroke treatment and miRNA measurement data are

presented in Table 6.

The miRNA measurement data presented in Table 6, shows that at about 2-hours post-

surgery in the tMCAO group miRNA- 124 levels in blood plasma begins to slightly increase

compared to sham-operated rats. At 24 hours post-surgery, there is an about 19-33 fold increase

in miR-124 in both t- and pMCAO rats when compared to sham-operated rats. Sham-operated



rats showed consistently low (basal) levels of miRNA-124 throughout the 24 hours post-surgery.

There were no differences in plasma miRNA-124 levels between t- and p-MCAO operated

animals.

Example 6 ; MicroRNA miR-lOa levels in urine is a biomarker for tissue injury to kidney .

This examples shows the usefulness of the tissue-specific miRNA miR-10a as a

biomarkers for tissue injury to kidney. Analysis of urine from a limited number of rat models of

compound-induced tissue injury kidney shows that miR-10a has sensitivity and specificity as

compared to the histopathology of kidney tissue that is the accepted standards of kidney

toxicology.

Urine samples from five individual rats that had been treated with a single dose of

cisplatin (7 mg/kg), and nine individual rats that had been treated with a single dose of

gentamicin (240 mg/kg) were evaluated using qPCR of miR-10a, In addition, data from

histopathology was also available for these same individual rats and were used to compare the

results from microRNA assays with the standard histopathology scores of tissue injury in kidney.

Animals Male and female Sprague-Dawley rats were obtained from Charles River

Laboratories, Inc. (Raleigh, North Carolina). The rats were approximately seven to eight weeks

of age and weighed from 125 to 325 grams at the start of the study. The animals were

acclimated for approximately one week and randomized into treatment and control groups.

During the toxicity studies targeting kidney, the animals were maintained on a caloric-restricted

diet, and fasted overnight prior to necropsy. Doses were different for each model compound

tested and were calculated based on animal body weight. For the compounds, routes of

administration, dose groups, and time points, see the below Test Compound section.

Test Compounds

Kidney Toxicants

Cisplatin

Doses: 7,0 mg/kg

Dosing: 0.9% NaCl by intraperitoneal injection

Animals: Sprague Dawley Male Rats

Time Point: Day 8



Gentamicin

Doses: 20,80,240 mg/kg/day

Dosing: 0.9% NaCl by intraperitoneal injection

Animals: Sprague Dawley Male Rats

Time Point: Day 3 9, 12

Urine Samples Urine samples were collected overnight on either dry or wet ice,

aliquoted, and stored at -7O0C, Urine samples were removed and stored at -7O0C. Urine samples

were thawed on ice and about 1 milliliter (ml) of each sample placed into a tube. Each sample

was placed in a room temperature speed-vac to reduce sample volume to about 200 microliters

(µl). About 1 ml of trizol was added to the viscous concentrated urine solution and RNA

extracted using Ambion BlycoBlue and alcohol precipitation.

Samples from rat toxicology studies were analyzed for miRNA levels using a qPCR-

based assay (Raymond et al, 2005, RNA 11:1737; WO 2006/081282). Control slope and

intercept values for miR-lOa was calculated from a concentration series of miR-lOa added to

total yeast RNA and then analyzed using the qPCR assay. The slope and intercept values from

the standard curve were used to calculate the amount of miR-lOa in each sample expressed as the

number of miRNA copies per 20 ng of total RNA in each sample. Cycle threshold values (Ct)

for each sample were converted to miRNA copy numbers by comparison to a standard curve

generated using single stranded mature miR-10a and are expressed in Table 7 as copies/20 pg

input RNA (approximately equivalent to copies/cell).

Histopathology of kidney tissues was evaluated at day 8 for the cisplatin treated animals

and at day 12 for the animals treated with gentamicin. The score of 5 indicates that there was

severe tissue injury to the proximal tublule in each animal by the final day of each compound

treatment.

Table 7 . MicroRNA and histopathology measurements in urine samples and corresponding

histopatholgy scores.





The data presented in Table 7 (control vs. compound-treated rats) shows that miR- 10a

levels are correlated with compound induced kidney tissue damage. For example, the data in

Table 7 demonstrates that miR- 10a measurements can detect tissue injury in kidney associated

with cisplatin and gentamicin dosing in rats.

Example 7 : MicroRNA miR- 122 is a plasma biomarker for human hepatitis C virus (HCV)

infection of liver.

This example shows the usefulness of the liver-specific miRNA miR- 122 as a biomarker

for human HCV infection. As shown above in Examples 2 and 3 analysis of plasma from

number of rat models of compound-induced tissue injury of liver shows that miR- 122 has

sensitivity and specificity as compared to the histopathology of liver tissue that is the accepted

standards of liver toxicology. Chronic HCV infection can induce liver fibrosis and cirrhosis.

The experiment present in this Example 7, was performed to determine whether increased

plasma miR- 122 levels are observed in humans individuals chronically infected with HCV as a

possible non-invasive biomarker for HCV-induced liver damage.

Plasma samples from subjects chronically infected with HCV of either genotype Ia or Ib

and uninfected controls were obtained from BocaBiolistics, LLC (Coconut Creek, FL). All

chronically infected HCV subjects were naϊve to HCV therapy. Genotyping of HCV is helpful in

assessing the likelihood of response to therapy. Patients infected with genotype 1 HCV have

much lower rates of response to interferon based treatment than do patients with genotype 2 or 3.

Copy number of miR- 122 was determined as previously described in Example 3 and the

resulting values are listed in Table 8, which additionally shows the HCV genotype status of each

subject.

Table 8. MicroRNA-122 levels in HCV infected subjects.

Subject HCV status miR-122 copies/20 pg

(HCV genotype)





The data presented in Table 8 shows that although there is wide subject-to-subject

variation, the level of miR-122 detected in plasma of HCV-infected subjects was 10-fold or

higher on average than in uninfected subjects.

Standard clinical blood chemistry data was obtained for these same subjects. Plasma

ALT and AST levels are common protein biomarkers for liver damage. A plot of ALT or AST

levels verses rniR122 copy number for the samples set forth in Table 8 are displayed in Figure 4.

These data suggest that there is a correlation between plasma miR-122 copy number and ALT or

AST levels in this sample set. The single non-correlating data entry for ALT and for AST were

both derived from the same subject. This individual had low ALT, low AST, low viral load (<

615 IU/ml) but high plasma miRl 22 copy level. These results show that the level of miR-1 22

detected in the blood plasma of chronically infected HCV subjects is correlated with chronic

HCV infection and resulting liver tissue injury as measured by other accepted biomarkers of

injury.
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WHAT IS CLAIMED IS:

1. A method for classifying a vertebrate subject as having tissue injury, said method comprising:

a) obtaining a fluid sample from a said subject, and

b) detecting the presence of a miRNA selected from Table 1 in said fluid sample,

wherein the presence of said miRNA is detected when said miRNA has a

measured value above a threshold value for said miRNA; and

c) classifying said vertebrate subject as having tissue injury if said detected

miRNA has a measured value above said threshold value.

2. The method of claim 1, wherein said miRNA is miR-122a, said fluid sample is whole blood,

blood plasma, or blood serum, and said tissue injury is in the liver.

3 . The method of claim 1 wherein said miRNA is miR-lOa, miR-1 Ob, miR-196a ; or miR-196b,

said fluid sample is urine, and said tissue injury is in the kidney.

4. The method of claim 1 wherein said miRNA is miR-216, miR-217 or miR-375, said fluid

sample is whole blood, blood plasma, or blood serum, and said tissue injury is in the pancreas.

5 . The method of claim 1 wherein said miRNA is miR-133, miR-1 or miR-206, said fluid

sample is whole blood, blood plasma, or blood serum, and said tissue injury is in skeletal muscle

or cardiac muscle.

6. The method of claim 1 wherein said miRNA is miR-124a, miR-9*; miR-9, miR-219, miR-

137, miR-323, miR-330, miR-346, miR-153, miR-128a, miR-338, miR-7, miR-329, miR-1 32,

miR-433, miR-128b, miR-138, miR-212, miR-340, miR-149, miR-181, miR-383, or miR-1 29,

said fluid sample is whole blood, blood plasma, blood serum or cerebrospinal fluid, and said

tissue injury is in the brain.

7. The method of claim 1 wherein said fluid sample is obtained from whole blood, blood

plasma, blood serum, cerebrospinal fluid, saliva, seminal fluid, breast nipple aspirate, or urine, or

combinations thereof.

8 . The method of claim 1 wherein said subject is suspected of being exposed to a agent that is

known to cause tissue injury.



9. The method of claim 8, wherein said control fluid sample is obtained from said subject before

exposed of said subject to said agent and said fluid sample is obtained from said subject after

said subject is exposed to said agent,

10 . The method of claim 8, wherein said agent is a therapeutic agent.

11. The method of claim 8, wherein said agent is an infectious agent.

12. The method of claim 1 wherein said measured value is obtained using a polymerase chain

reaction method, a Northern blot hybridization method, or a nucleotide mieroarray hybridization

method.

13. The method of claim 1 wherein said threshold value is obtained by obtaining a second

measure value of said miRNA in a control fluid sample obtained from a control vertebrate

subject that has not suffered tissue injury;

14. The method of claim 1, wherein said vertebrate subject is selected from the group consisting

of dog, cat, pig, rat, mouse, monkey, baboon, ape, human, bison, cow, horse, and chicken.

15. The method of claim 11 wherein said infectious agent is hepatitis C virus.

16. The method of claim 1 additionally comprising:

(d) displaying; or outputting to a user interface device, a computer readable

medium, or a local or remote computer system, the classification result obtained from step (c).

17. A method of monitoring a subject who is exposed to agent has a risk of causing tissue

damage, said method comprising:

a) obtaining a fluid sample from said subject who is exposed to said agent;

b) measuring a level of one or more miRNAs in said fluid sample from said

subject, wherein said one or more miRNA is represented by a miRNA selected from Table 1; and

c) identifying said subject as being at risk of tissue injury or not based on the

measured level of the one or more miRNAs.

18. The method of claim 17, wherein said miRNA is miR-122a, said fluid sample is whole

blood, blood plasma, or blood serum, and the risk of tissue injury is to liver.



19. The method of claim 17 wherein said miRNA is miR-10a, miR-lOb, miR-196a, or miR-

196b, said fluid sample is urine, and the risk of tissue injury is to kidney

20. The method of claim 17 wherein said miRNA is miR-133, miR-1 or miR-206, said fluid

sample is whole blood, blood plasma, or blood serum, and the risk of tissue injury is to skeletal

muscle or cardiac muscle.

2 1. The method of claim 17 wherein said miRNA is miR-124a, miR-9*; rniR-9, miR-219, miR-

137, miR-323, miR-330, miR-346, miR-1 53, miR-1 28af rm'R-338, miR-7, miR-329, miR-1 325

miR-433, miR-128b, miR-138, miR-212, miR-340, miR-149, miR-1 81, miR-383, or miR-129,

said fluid sample is whole blood, blood plasma, blood serum or cerebrospinal fluid, and the risk

of tissue injury is to brain.

22. The method of claim 17 wherein said miRNA is miR-216, miR-217 and miR-375, said fluid

sample is whole blood, blood plasma, or blood serum, and the risk of tissue injury is to pancreas.

23. The method of claim 17 wherein said fluid sample is obtained from whole blood, blood

plasma, blood serum, cerebrospinal fluid, saliva, seminal fluid, breast nipple aspirate, or urine, or

combinations thereof.

24. The method of claim 17, wherein said vertebrate subject is selected from the group

consisting of dog, cat, pig, rat, mouse, monkey, baboon, ape, human, bison, cow, horse, and

chicken.

25. The method of claim 17, wherein said control fluid sample is obtained from said subject

before exposed of said subject to said agent and said fluid sample is obtained from said subject

after said subject is exposed Io said agent

26. The method of claim 17, wherein said vertebrate subject is a human.

27. The method of claim 17 wherein said measured value is obtained using a polymerase chain

reaction method, a Northern blot hybridization method, or a nucleotide microarray hybridization

method.



28. The method of claim 17 wherein said threshold value is obtained by obtaining a second

measure value of said miRNA in a control fluid sample obtained from a control vertebrate

subject that has not suffered tissue injury.

29. The method of claim 17, wherein said agent is a therapeutic agent.

30. The method of claim 17, wherein said agent is an infectious agent.

3 1. The method of claim 30, wherein said infectious agent is hepatitis C virus.

32. The method of claim 17 additionally comprising:

(d) displaying; or outputting to a user interface device, a computer readable

medium, or a local or remote computer system, the identification result obtained from step (c).

33. A method of identifying an agent as having a risk of causing tissue injury to a vertebrate

subject, said method comprising:

a) obtaining a fluid sample from a subject exposed to said agent;

b) measuring a level of one or more miRNAs in said fluid sample from said

subject, wherein said one or more miRNA is represented by a miRNA selected from Table 1; and

c) identifying said agent as having a risk of causing tissue injury based on said

measured level of said one or more miRNAs.

34. The method of claim 33, wherein said miRNA is miR-122a, said fluid sample is whole

blood, blood plasma, or blood serum, and said risk of causing tissue injury is to liver

35. The method of claim 33 wherein said miRNA is miR-lOa, miR-10b, miR-196a, or miR-

196b, said fluid sample is whole blood, blood plasma, blood serum, or urine, and said risk of

causing tissue injury is to kidney,

36. The method of claim 33 wherein said miRNA is miR-1 33, miR-1 or miR-206, said fluid

sample is whole blood, blood plasma, or blood serum, and said risk of causing tissue injury is to

skeletal muscle or cardiac muscle.

37. The method of claim 33 wherein said miRNA is miR-124a, miR-9*; miR-9, miR-219, miR-

137, miR-323, miR-330, rniR-346, miR-1 53, miR-1 28a, miR-338, miR-7, miR-329, miR-1 32,

miR-433, miR-12δb miR-138, miR-212, miR-340, miR-1 49, miR-181, miR-383, or miR-129,



said fluid sample is whole blood, blood plasma, blood serum or cerebrospinal fluid, and said risk

of causing tissue injury is to brain.

38. The method of claim 33 wherein said miRNA is miR-21 ό miR-217 and mi-R375, said fluid

sample is whole blood, blood plasma, or blood serum, and said risk of causing tissue injury is to

pancreas.

39. The method of claim 33 wherein said fluid sample is obtained from whole blood, blood

plasma, blood serum, cerebrospinal fluid, saliva, seminal fluid, breast nipple aspirate, or urine, or

combinations thereof.

40. The method of claim 33 wherein said method is repeated using a plurality of agents and a

plurality of subjects and said agents are rank order listed based upon the level of said miRNA

measured each subject.

4 1. The method of claim 33, wherein said control fluid sample is obtained from said subject

before exposed of said subject to said agent and said fluid sample is obtained from said subject

after said subject is exposed to said agent.

42. The method of claim 33, wherein said agent is a small molecule test compound.

43. The method of claim 33, wherein said agent is a protein.

44. The method of claim 33, wherein said agent is a nucleic acid.

45. The method of claim 33, wherein said agent is an infectious agent.

46. The method of claim 33 wherein said measured value is obtained using a polymerase chain

reaction method, a Northern blot hybridization method, or a nucleotide microarray hybridization

method.

47. The method of claim 33 wherein said threshold value is obtained by obtaining a second

measure value of said miRNA in a control fluid sample obtained from a control vertebrate

subject that has not suffered tissue injury.



48. The method of claim 33, wherein said vertebrate subject is selected from the group

consisting of dog, cat, pig, rat, mouse, monkey, baboon, ape, human, bison, cow, horse, and

chicken.

49. The method of claim 45, wherein said infectious agent is hepatitis C virus.

50. The method of claim 33 additionally comprising: step (d) displaying; or outputting to a user

interface device, a computer readable medium, or a local or remote computer system, the

identification result obtained from step (c).
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