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DESCRIPTION
GENE AND COGNATE PROTEIN PROFILES AND
METHODS TO DETERMINE CONNECTIVE TISSUE
MARKERS IN NORMAL AND PATHOLOGIC CONDITIONS
RELATED APPLICATIONS
This application claims the benefit of U.S. Provisional Patent Application
Serial No. 60/654,232, filed February 18, 2005, the disclosure of which is
incorporated herein by reference in its entirety.
TECHNICAL FIELD
The presently disclosed subject matter identifies differences in gene
expression between cells and other closely related cell types. For example,
gene expression in tendon cells relative to muscle cells is examined. The
presently disclosed subject matter also identifies expression profiles between
cells under different genetic and environmental influences. The presently
disclosed subject matter also identifies expression profiles that serve as useful
diagnostic markers as well as markers that can be used to monitor disease
states, disease progression, injury repair, drug toxicity, drug efficacy, and drug
metabolism.

Sequence Listing Provided on CD-R

The Sequence Listing associated with the instant disclosure has been
submitted as a 2.4 MB file on CD-R (in triplicate) instead of on paper. Each
CD-Ris marked in indelible ink to identify the Applicants, Title, File Name (421-
140 PCT.ST25.txt)), Creation Date (February 21, 2006), Computer System
(IBM-PC/MS-DOS/MS-Windows), and Docket No. (421-140 PCT). The
Sequence Listing submitted on CD-R is hereby incorporated by reference into
the instant disclosure.

BACKGROUND

A goal of the fields of genomics and proteomics is to utilize expression
profiles of tissues to establish molecular markers that describe a given tissue at
a stage of phenotype development from neonatal to juvenile to mature. In
addition, a goal of these disciplines and technologies is to discover molecular
markers that can be used to diagnose a stage of pathology. In some cases, an
early stage of development might share some markers with a stage of
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pathology as in early markers of development recurring during healing from a
wound. In other cases, a novel marker might be present that is indicative of a
stage of disease such as a specific cancer such as breast or prostate cancer.

In the case of marker selection for connective tissues such as tendon,
litle work has been done to develop methodologies with respect to the
selection of markers or to the development of expression profiles that are
specific to such tissues. The identification of specific markers and the
elucidation of changes in gene expression profiles that occur during injury
and/or disease processes, as well as during the repair of and/or recovery from
the same, would be extremely valuable for the diagnosis and/or monitoring of
connective tissue disorders.

SUMMARY

The presently disclosed subject matter provides methods for detecting
connective tissue-specific gene expression in a sample. In some
embodiments, the methods comprise detecting a level of expression in a
sample of at least one gene for which expression is connective tissue-specific.
in some embodiments, the connective tissue is selected from the group
consisting of muscle and tendon. In some embodiments, the connective tissue
is tendon. In some embodiments, the at least one gene is selected from the
group consisting of those genes listed in Tables 1-4. In some embodiments,
the detecting comprising hybridizing a nucleic acid isolated from the sample to
an array comprising the at least one gene.

The presently disclosed subject matter also provides methods for
diagnosing a disease of or an injury to a connective tissue in a mammalian
subject. In séme embodiments, the methods comprise detecting a level of
expression in a biological sample of at least one gene for which an expression
level is indiéative of disease or injury in a connective tissue. In some
embodiments, the connective tissue is selected from the group consisting of
muscle and tendon. In some embodiments, the connective tissue is tendon. In
some embodiments, the at least one gene is selected from the group consisting
of those genes listed in Tables 1-4. In some embodiments, differential
expression of at least one of the genes listed in Tables 1-4 is indicative of a

disease or injury to a tendon. In some embodiments, the detecting comprising
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hybridizing a nucleic acid isolated from a sample isolated from the mammalian
subject to an array comprising the at least one gene.

The presently disclosed subject matter also provides methods for
detecting the progression of a disease of or an injury to a connective tissue in a
mammalian subject. In some embodiments, the methods comprise detecting a
level of expression in a biological sample of at least one gene for which an
expression level is indicative of progression of a disease or injury in a
connective tissue. In some embodiments, the connective tissue is selected
from the group consisting of muscle and tendon. In some embodiments, the
connective tissue is tendon. In some embodiments, the at least one gene is
selected from the group consisting of those genes listed in Tables 1-4. Insome
embodiments, differential expression of at least one of the genes listed in
Tables 1-4 is indicative of progression of a disease of or an injury to a tendon.
In some embodiments, the detecting comprising hybridizing a nucleic acid
isolated from a sample isolated from the mammalian subject to an array
comprising the at least one gene.

The presently disclosed subject matter also provides methods for
monitoring the treatment of a mammalian subject with a disease of or an injury
to a connective tissue. In some embodiments, the methods comprise (a)
providing a treatment to the subject; (b) detecting a level of expression of at
least one gene from a cell or biological sample from the subject; and (c)
comparing the level of expression detected in step (b) to a level of expression
from a cell population comprising normal connective tissue cells, to a level of
expression from a cell population comprising diseased or injured connective
tissue, or both. In some embodiments, the connective tissue'is selected from
the group consisting of muscle and tendon. In some embodiments, the
connective tissue is tendon. In some embodiments, the at least one gene is
selected from the group consisting of those genes listed in Tables 1-4. Insome
embodiments, differential expression of at least one of the genes listed in
Tables 1-4 is indicative of an effect of the treatment provided on a disease of or
an injury to a tendon. In some embodiments, the detecting comprising
hybridizing a nucleic acid isolated from a sample isolated from the mammalian

subject to an array comprising the at least one gene.
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The presently disclosed subject matter also provides kits for detecting
expression of a gene differentially expressed in a connective tissue. In some
embodiments, the kits comprise a plurality of reagents that can be used to
detect expression levels for at least one gene for which expression is
connective tissue-specific. In some embodiments, the at least one gene is
selected from the group consisting of those genes listed in Tables 1-4. In some
embodiments, the plurality of reagents comprise at least one oligonucleotide
pair that can be used to specifically amplify at least one of the genes listed in
Tables 1-4. In some embodiments, the kits further comprise one or more solid
supports comprising one or more oligonucleotides attached thereto that
specifically bind to at least one of the genes listed in Tables 1-4. In some
embodiments, the one or more solid supports comprise an array, a microarray,
or combinations thereof.

Accordingly, it is an object of the presently disclosed subject matter to
provide specific marker genes and profiles of gene expression changes that
occur as a result of, and subsequent to, connective tissue injury and/or
disease. This and other objects are achieved in whole or in part by the
presently disclosed subject matter.

An object of the presently disclosed subject matter having been stated
above, other objects and advantages of the presently disclosed subject matter
will become apparent to those of ordinary skill in the art after a study of the
following description and non-limiting Examples.

BRIEF DESCRIPTION OF THE SEQUENCE LISTING

SEQ IVD NOs: 1-724 correspond to publicaly available nucleotide

sequences for the database Accession Numbers presented in Tables 1-4.
DETAILED DESCRIPTION

A goalin the connective tissue field, including that of hard tissues (bone,
cartilage, fibrocartilage) as well as soft connective tissues (tendons, ligaments,
menisci, muscle, fascia, sheaths, etc.) is to develop specific markers that
characterize a given tissue, particularly with respect to pathology and staging of
disease and/or injury processes. Investigators generally focus on the study of
naturally occurring diseases to search for pathognomonic markers for cells

and/or tissues of interest based on the assumption that one can learn about
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normal tissue development from studying pathologic processes. Important
areas in hard tissue biology include rheumatoid arthritis and the search for
markers that indicate a stage of the disease and whether or not it is
progressing, is static, or is regressing.

The practical importance of finding and utilizing such markers and
assessment strategies includes the ability to perform drug discovery research
to identify pharmaceutical therapies that block or modulate the disease and to
stage the disease to discern if the treatment therapy is working. Other practical
outcomes of the latter diagnostic test data include, but are not limited to
allowing judgments to be made as to whether a patient should receive a given
treatment, whether insurers should pay for the treatment, and whether or not a
patient is responding to the treatment and should continue a given drug
therapy.

During the past decade, advances in the technology of disease markers
has drastically changed from randomly searching for molecules that are
affected by disease to those which are specifically regulated or co-regulated
differently in disease versus non-disease states and represent an expression
profile of the disease state. In addition, the use of gene arrays wherein an
investigator can sample the expression profile of an entire transcriptome at any
point in time has allowed the development of focused strategies to select
environmental conditions that favor the specific marker discovery.

One form of a gene array is a representation of a portion of each gene
expressed by mammalian cells as an oligonucleotide chemically immobilized to
a glass surface in a “spot”. Each spot is about 10 microns in diameter in a
specific location on a glass slide that is 25 x 75 mm in dimension. In this way,
a representation of at least 40,000 genes as oligonucleotide arrays can be
positioned on the glass surface. One can then isolate RNA (total ribonucleic
acid, although the important part of the sample is the messenger RNA (mRNA))
from a tissue specimen, convert the RNA into cDNA (complementary
deoxyribonucleic acid), prepare fluorescently labeled (green dye, Cy 3) control
cDNA from one specimen and fluorescently labeled (red dye, Cy 5) test cDNA
from a subject, then hybridize the two differently colored cDNAs to the
oligonucleotide array on the glass slide in a special hybridization chamber.
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Once the excess colored sample cDNAs are washed from the slide, the array
can be visualized as colored spots. A spot representing a specific
oligonucleotide and therefore a specific gene product that is colored green is
one that is more highly expressed in the control specimen than in the test
specimen. Likewise, a spot that is more highly colored red is one that is
expressed more highly in the test specimen than in the control specimen.

In this way, one can compare the relative expression levels of each gene
represented by an oligonucleotide in the gene array. There are programs that
allow the analysis of the fluorescence intensity of each dye for each sample at
each spot. The program allows for the accurate quantitation of the
fluorescence intensities for each candidate cDNA as well as a comparison
between the two specimens on each slide. The latter example is of a direct
comparison between samples. One can also make an indirect comparison
between and among samples hybridized to targets on other slides, as long as
the slides are of high quality and reproducibility. One such slide type is that
produced by Agilent Technologies, Inc. (Palo Alto, California, United States of
America), and is the 44k whole mouse genome or the whole human genome
slide. The spot intensities can be read in a slide reader, specially designed to
read this type of slide to yield intensities for each spot. Quality control of
control spots that are distributed over the slide is also done. Once this basic
spot intensity quantitation is performed, then intensities of replicate spots can
be determined among three or more replicates of each sample on different
slides.

A further technique that is used to analyze the reproducibility of the
expression levels of each spot is a statistical measure of the mean and
standard deviation. A SAM (supervised analysis of microarray; Tusher et al.,
2001) plot can then be calculated which yields the number of genes whose
expression levels are statistically different between the two samples. SAGE
analysis (supervised analysis of gene arrays) includes partitioning the data into
groups of genes that are expressed by 2, 3, 4, 8, and more fold differences,
usually in two fold increments. The data are generally expressed as log base 2

of the mean of the fluorescence intensities for each spot. In this way, one can
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select genes that are highly overexpressed or underexpressed in any
comparison.
I Definitions

Unless otherwise defined, all technical and scientific terms used herein
have the same meaning as commonly understood by one of ordinary skill in the
art to which the presently disclosed subject matter pertains. For clarity of the
present specification, certain definitions are presented hereinbelow.

Following long-standing patent law convention, the articles “a”, “an”, and
“the” refer to “one or more” when used in this application, including in the
claims. For example, the phrase “a tendon cell” refers to one or more tendon
cells. Similarly, the phrase “at least one”, when employed herein to refer to an
oligonucleotide, a gene, or any other entity, refers to, for example, 1, 2, 3, 4, 5,
6,7,8,9, 10, 15, 20, 25, 50, 100, or more of that entity. Thus, the phrase “at
least one gene” used in the context of the genes disclosed in Tables 1-4, refers
to1,2 3,4,5,6,7, 8, 9, 10, up to every gene disclosed in Tables 1-4,
including every value in between.

As used herein, the phrase “biological sample” refers to a sample
isolated from a subject (e.g., a biopsy) or from a cell or tissue from a subject
(e.g., RNA isolated from, or cDNA reverse transcribed and/or derived
therefrom). In some embodiments, a biological sample is a clinical sample
such as a biopsy or a sample otherwise removed from a subject for any
purpose. Biological samples can be of any biological tissue or fluid or cells
from any organism as well as cells cultured in vitro, such as cell lines and tissue
culture cells. Frequently the sample will be a "clinical sample" which is a
sample derived from a patient (i.e., a subject undergoing a diagnostic
procedure and/or-a treatment). Typical clinical samples include, but are not
limited to, blood, blood cells (e.g., white cells), tissue or finé needle biopsy
samples (e.g., a tendon biopsy), and cells therefrom. Biological samples can
also include sections of tissues, such as frozen sections or formalin fixed
sections taken for histological purposes.

As used herein, the term “complementary” refers to two nucleotide

. sequences that comprise antiparallel nucleotide sequences capable of pairing

with one another upon formation of hydrogen bonds between the
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complementary base residues in the antiparallel nucleotide sequences. As is
known in the art, the nucleic acid sequences of two complementary strands are
the reverse complement of each other when each is viewed in the 5’ to 3’
direction. Unless specifically indicated to the contrary, the term
“complementary” as used herein refers to 100% complementarity throughout
the length of at least one of the two antiparallel nucleotide sequences.

As used herein, the term “fragment” refers to a sequence that comprises
a subset of another sequence. When used in the context of a nucleic acid or
amino acid sequence, the terms “fragment” and “subsequence” are used
interchangeably. A fragment of a nucleic acid sequence can be any number of
nucleotides that is less than that found in another nucleic acid sequence, and
thus includes, but is not limited to, the sequences of an exon or intron, a
promoter, an enhancer, an origin of replication, a5’ or 3’ untranslated region, a
coding region, and/or a polypeptide binding domain. It is understood that a
fragment or subsequence can also comprise less than the entirety of a nucleic
acid sequence, for example, a portion of an exon or intron, promoter, enhancer,
etc. Similarly, a fragment or subsequence of an amino acid sequence can be
any number of residues that is less than that found in a naturally occurring
polypeptide, and thus includes, but is not limited to, domains, features, repeats,
etc. Also similarly, it is understood that a fragment or subsequence of an
amino acid sequence need not comprise the entirety of the amino acid
sequence of the domain, feature, repeat, etc.

As used herein, the term "gene" is used broadly to refer to any segment
of DNA associated with a biological function. Thus, genes include, but are not
limited to, coding sequences, the regulatory sequences required for their
expression, intron sequences associates with the coding sequences, and
combinations thereof. Genes can also include non-expressed DNA segments
that, for example, form recognition sequences for a polypeptide. Genes can be
obtained from-a variety of sources, including cloning from a source of interest
or synthesizing from known or predicted sequence information, and can include
sequences designed to have desired parameters.

The terms "heterologous”, “recombinant”, and “exogenous”, when used

herein to refer to a nucleic acid sequence (e.g., a DNA sequence) or a gene,
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refer to a sequence that originates from a source foreign to the particular host
cell or, if from the same source, is modified from its original form. Thus, a
heterologous gene in a host cell includes a gene that is endogenous to the
particular host cell but has been modified through, for example, the use of DNA
shuffling or other recombinant techniques. The terms also include non-
naturally occurring multiple copies of a naturally occurring DNA sequence.
Thus, the terms refer to a DNA segment that is foreign to the cell, or
homologous to the cell but in a position or form within the host cell in which the
element is not ordinarily found. Similarly, when used in the context of a
polypeptide or amino acid sequence, an exogenous polypeptide or amino acid
sequence is a polypeptide or amino acid sequence that originates from a
source foreign to the particular host cell or, if from the same source, is modified
from its original form. Thus, exogenous DNA segments can be expressed to
yield exogenous polypeptides.

An "en'dogenous” or “native” nucleic acid (or amino acid) sequence is a
nucleic acid (or amino acid) sequence naturally associated with a host cell into
which it is introduced. In this context, the terms “heterologous” and
“endogenous” are antonymous.

The phrase "hybridizing specifically to" refers to the binding, duplexing,
or hybridizing of a molecule only to a particular nucleotide sequence under
stringent conditions when that sequence is present in a complex mixture (e.g.,
total cellular) of DNA and/or RNA. The phrase “bind(s) substéntially” refers to
complementary hybridization between a probe nucleic acid and a target nucleic
acid and embraces minor mismatches that can be accommodated by reducing
the stringency of the hybridization media to achieve the desired detection of the
target nucleic acid sequence.

As used herein, the term “isolated”, when used in the context of an
isolated nucleic acid or an isolated polypeptide, is a nucleic acid or polypeptide
that, by the hand of man, exists apart from its native environment and is
therefore not a product of nature. An isolated nucleic acid molecule or
polypeptide can exist in a purified form or can exist in a non-native environment
such as, for example, in a transformed host cell.
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As used herein, the term “native” refers to a gene that is naturally
present in the genome of an untransformed cell. Similarly, when used in the
context of a polypeptide, a “native polypeptide” is a polypeptide that is encoded
by a native gene of an untransformed cell's genome. Thus, the terms “native”
and “endogenous” are synonymous.

As used herein, the term "naturally occurring” refers to an object that is
found in nature as distinct from being artificially produced or manipulated by
man. For example, a polypeptide or nucleotide sequence that is present in an
organism (including a virus) in its natural state, which has not been intentionally
modified or isolated by man in the laboratory, is naturally occurring. As such, a
polypeptide or nucleotide sequence is considered “non-naturally occurring” if it
is encoded by or present within a recombinant molecule, even if the amino acid
or nucleic acid sequence is identical to an amino acid or nucleic acid sequence
found in nature.

As used herein, the term "nucleic acid" refers to deoxyribonucleotides or
ribonucleotides and polymers thereof in either single- or double-stranded form.

Unless specifically limited, the term encompasses nucleic acids containing
known analogues of natural nucleotides that have similar binding properties as
the reference nucleic acid and are metabolized in a manner similar to naturally
occurring nucleotides. Unless otherwise indicated, a particular nucleic acid
sequence also implicitly encompasses conservatively modiﬁecj variants thereof
(e.g., degenerate codon substitutions) and complementary sequences and as
well as the sequence explicitly indicated. Specifically, degenerate codon
substitutions can be achieved by generating sequences in which the third
position of one or more selected (or all) codons is substituted with mixed-base
and/or deoxyinosine residues (Batzer et al, 1991; Ohtsuka et al., 1985;
Rossolini et al., 1994). The terms “nucleic acid” or “nucleic acid sequence” can
also be used interchangeably with gene, cDNA, and mRNA encoded by a
gene.

As used herein, the phrase “oligonucleotide” refers to a polymer of
nucleotides of any length. In some embodiments, an oligonucleotide is a
primer that is used in a polymerase chain reaction (PCR) and/or reverse

transcription-polymerase chain reaction (RT-PCR), and the length of the
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oligonucleotide is typically between about 15 and 30 nucleotides. In some
embodiments, the oligonucleotide is present on an array and is specific for a
gene of interest. In whatever embodiment that an oligonucleotide is employed,
one of ordinary skill in the art is capable of designing the oligonucleotide to be
of sufficient length and sequence to be specific for the gene of interest (i.e.,
that would be expected to specifically bind only to a product of the gene of
interest under a given hybridization condition).

As used herein, the phrase “percent identical’,” in the context of two
nucleic acid or polypeptide sequences, refers to two or more sequences or
subsequences that have in some embodiments 60%, in some embodiments
70%, in some embodiments 75%, in some embodiments 80%, in some
embodiments 85%, in some embodiments 90%, in some embodiments 92%, in
some embodiments 94%, in some embodiments 95%, in some embodiments
96%, in some embodiments 97%, in some embodiments 98%, in some
embodiments 99%, and in some embodiments 100% nucleotide or amino acid
residue identity, respectively, when compared and aligned for maximum
correspondence, as measured using one of the following sequence comparison
algorithms or by visual inspection. The percent identity exists in some
embodiments over a region of the sequences that is at least about 50 residues
in length, in some embodiments over a region of at least about 100 residues,
and in some embodiments, the percent identity exists over at least about 150
residues. In some embodiments, the percent identity exists over the entire
length of the sequences.

For sequence comparison, typically one sequence acts as a reference
sequence to which test sequences are compared. When using a sequence
comparison algorithm, test and reference sequences are inpuf into a computer,
subsequence coordinates are designated if necessary, and sequence algorithm
program parameters are designated. The sequence comparison algorithm then
calculates the percent sequence identity for the test sequence(s) relative to the
reference sequence, based on the designated program parameters.

Optimal alignment of sequences for comparison can be conducted, for
example, by the local homology algorithm disclosed in Smith & Waterman,

1981; by the homology alignment algorithm disclosed in Needleman & Wunsch,
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1970; by the search for similarity method disclosed in Pearson & Lipman, 1988;
by computerized implementations of these algorithms (GAP, BESTFIT, FASTA,
and TFASTA in the GCG® WISCONSIN PACKAGE®, available from Accelrys,
Inc., San Diego, California, United States of America), or by visual inspection.
See generally, Altschul et al., 1990; Ausubel et al., 2002; and Ausubel ef al.,
2003. _

One example of an algorithm that is suitable for determining percent
sequence identity and sequence similarity is the BLAST algorithm, which is
described in Altschul et al., 1990. Software for performing BLAST analysis is
publicly available through the website of the National Center for Biotechnology
Information. This algorithm involves first identifying high scoring sequence
pairs (HSPé) by identifying short words of length W in the query sequence,
which either match or satisfy some positive-valued threshold score T when
aligned with a word of the same length in a database sequence. T is referred
to as the neighborhood word score threshold. See generally, Altschul et al.,
1990. These initial neighborhood word hits act as seeds for initiating searches
to find longer HSPs containing them. The word hits are then extended in both
directions along each sequence for as far as the cumulative alignment score
can be increased. Cumulative scores are calculated using, for nucleotide
sequences, the parameters M (reward score for a pair of matching residues;
always > 0) and N (penalty score for mismatching residues; always < 0). For
amino acid sequences, a scoring matrix is used to calculate the cumulative
score. Extension of the word hits in each direction are halted when the
cumulative alignment score falls off by the quantity X from its maximum
achieved value, the cumulative score goes to zero or below due to the
accumulation of one or more negative-scoring residue alignments, or the end of
either sequence is reached. The BLAST algorithm parameters W, T, and X
determine the sensitivity and speed of the alignment. The BLASTN program
(for nucleotide sequences) uses as defaults a wordlength (W) of 11, an
expectation (E) of 10, a cutoff of 100, M =5, N = -4, and a comparison of both
strands. For amino acid sequences, the BLASTP program uses as defaults a
wordlength (W) of 3, an expectation (E) of 10, and the BLOSUM62 scoring
matrix. See Henikoff & Henikoff, 1992.
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In addition to calculating percent sequence identity, the BLAST algorithm
also performs a statistical analysis of the similarity between two sequences
(see e.g., Karlin & Altschul, 1993). One measure of similarity provided by the
BLAST algorithm is the smallest sum probability (P(N)), which provides an
indication of the probability by which a match between two nucleotide or amino
acid sequences would occur by chance. For example, a test nucleic acid
sequence is considered similar to a reference sequence if the smallest sum
probability in a comparison of the test nucleic acid sequence to the reference
nucleic acid sequence is in some embodiments less than about 0.1, in some
embodiments less than about 0.01, and in some embodiments less than about
0.001.

As used herein, the term “subject’ refers to any organism for which
analysis of gene expression would be desirable. Thus, the term “subject” is
desirably a human subject, although it is to be understood that the principles of
the presently disclosed subject matter indicate that the presently disclosed
subject matter is effective with respect to invertebrate and to all vertebrate
species, including mammals, which are intended to be included in the term
“subject”. Moreover, a mammal is understood to include any mammalian
species in which detection of differential gene expression is desirable,
particularly agricultural and domestic mammalian species. The methods of the
presently disclosed subject matter are particularly useful in the analysis of gene
expression in warm-blooded vertebrates, e.g., mammals and birds.

More particularly, the presently disclosed subject matter can be used for
the analysis of gene expression (e.g., connective tissue gene expression) in a
mammal such as a human. Also provided is the analysis of gene expression in
mammals of importance due to being endangered (such as Siberian tigers), of
economic importance (animals raised on farms for consumption by humans)
and/or social importance (animals kept as pets or in zoos) to humans, for
instance, carnivores other than humans (such as cats and dogs), swine (pigs,
hogs, and wild boars), ruminants (such as cattle, oxen, sheep, giraffes, deer,
goats, bison, and camels), and horses (e.g., thoroughbreds and race horses).
Also provided is the analysis of gene expression of birds, including those kinds

of birds that are endangered, or kept in zoos, as well as fowl, and more
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particularly domesticated fowl, e.g., poultry, such as turkeys, chickens, ducks,
geese, guinea fowl, quail, pheasant, and the like, as they are also of economic
importance to humans. Thus, provided is the analysis of gene expression in
livestock, including, but not limited to, domesticated swine (pigs and hogs),
ruminants, poultry, and the like.

1. Analysis of Differential Gene Expression

Many biological functions are accomplished by altering the expression of
various genes through transcriptional (e.g., through control of initiation,
provision of RNA precursors, RNA processing, etc.) and/or translational control.
For example, fundamental biological processes such as cell cycle, cell
differentiation, and cell death, are often characterized by the variations in the
expression levels of groups of genes.

Thus, differential gene expression can result in the differentiation of a
pluripotent precursor cell into different cell types (e.g., the differentiation of
tendon cells from pluripotent mesenchymal stem cells). As this differentiation
takes place, unique combinations of genes are typically expressed in different
terminally differentiated cell types, and the expression of these unique
combinations of genes can be identified. As disclosed herein, genes that are
differentially expressed in cells of connective tissue (e.g., tendon cells) as
compared to cells of other related tissues (e.g., muscle cells) have been
identified.

IILA. Identification of Connective Tissue-specific Genes

The presently disclosed subject matter provides in some embodiments
methods for identifying connective tissue-specific genes. As used herein, the
phrase “connective tissue” refers to those tissues that are typically classified as
soft connective tissues including, for example, tendons, ligaments, menisci,
muscle, fascia, sheaths and the like. Included within the definition of
“connective tissue” are terminally differentiated cells as well as precursor cells
that have the potential to differentiate into connective tissue cells and tissues.

The presently disclosed subject matter provides in some embodiments
methods for detecting tendon-specific gene expression in a sample. In some
embodiments, the methods comprise detecting a level of expression in a

sample of at least one gene listed in Tables 1-4, wherein the at least one gene

-14 -



10

15

20

25

30

WO 2006/089268 PCT/US2006/005948

is tendon-specific. In some embodiments, the methods comprise detecting a
level of expression in a sample of atleast 1, 2, 3,4, 5,6,7, 8, 9, 10, 15, 20, 25,
50, or more of the genes listed in Tables 1-4, wherein the at least 1, 2, 3, 4, 5,
6,7, 8,9, 10, 15, 20, 25, 50, or more of the genes are tendon-specific. In
some embodiments, the 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, or more genes that are
tendon-specific are listed in Table 1B.

As used herein, the phrase “tendon-specific’ refers in some
embodiments to a gene that is expressed in a tendon cell and for which
expression in some or all other cell types is negligible. Thus, in some
embodiments “tendon-specific” means that the gene in question is expressed
only in a tendon cell or a precursor cell committed to tendon differentiation.

In some embodiments, however, “tendon-specific” refers to a gene that
is upregulated and/or expressed at a higher level in tendon cells and their
committed precursors relative to another cell type. An example of a tendon-
specific gene within this meaning is mouse procollagen, type |, alpha 1
(Col1a1; GENBANK® Accession No. NM_007742), which as disclosed in Table
1B is expressed in Achilles tendon at a level that is more than 16 fold higher
than the gene is expressed in gastrochemius muscle. Thus, in these
embodiments “tendon-specific”’ is used in a relative sense and not in an
absolute sense.

Exemplary tendon-specific genes include those genes listed in Tables 1-
4. In some embodiments, a tendon-specific gene is selected from the group
consisting of those genes listed in Tables 1B, 2B, and 3A.

[I.B. Identification of Changes in Gene Expression under Different

Genetic Influences

The presently disclosed subject matter also provides in some
embodiments methods for analyzing differential gene expression in a cell or
tissue type that result from genetic differences between subjects or in the same
subject at different times (e.g., before an after the occurrence of a mutation).
In some embodiments, the genetic differences result from a mutationin (e.g., a
targeted disruption of) one or more genes the products of which are normally

expressed in a connective tissue, such as tendon.
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An example of a genetic influence relevant to tendon development is the
activity of the metabotropic purinoceptors P2Y4 and P2Y; (also referred to as
P2RY; and P2RY;). These receptors are coupled to G-protein coupled
receptors that activate a phosphatidylinositol-calcium second messenger
system in many cell types including tendon cells. Targeted disruption of P2Y;,
P2Y,, or both P2Y4 and P2Y;, greatly influences gene expression in tendons, as
shown in Examples 2 and 3 and Tables 2 and 3.

[I.C. Identification of Changes in Gene Expression During Different

Physiological Responses

The presently disclosed subject matter also provides in some
embodiments methods for analyzing differential gene expression in a cell or
tissue type in response to different environmental factors including, but not
limited to disease, injury, exposure to bioactive molecules, and combinations
thereof.

Connective tissues, such as tendons, are constantly being remodeled in
subjects as a result of normal use, and particularly in the event of injury or
disease. All of these conditions (e.g., normal use, injury, and/or disease)
induce both catabolic and anabolic responses in connective tissues, often
inducing anabolic responses followed by catabolic responses as the connective
tissue recovers and/or heals. Thus, it is desirable to analyze how gene
expression is affected by processes that result in catabolic and/or anabolic
pathways in connective tissues, such as tendons.

In some embodiments, a technique to stimulate expression of marker
gene expression that is indicative of a catabolic pathway is the application of
hyperphysiologic levels of exercise as mechanical load. Mechanical load, when
given in a hyper-physiologic dose results in pathology and can result in matrix
degradation and loss of material properties. Hence, one assessment of
potential negative effects of hyperphysiologic mechanical load is the tensile
strength of the biologic material. One method to test such a property is to apply
a tensile load to a biologic tissue at a controlled rate and force and apply load
until the specimen fails. The characteristics of the stress train curve yield a

quantitative assessment of the material's modulus or degree of stiffness.
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Next, another strategy to stimulate expression marker gene expression
that is indicative of a catabolic pathway that represents the environmental
scenario induced‘during a pathologic response can be used. An example of a
catabolic factor is interleukin 18 (IL-1B), which induces a group of matrix
destructive genes called matrix metalloproteinases (MMPs). These MMPs
degrade the material that lends tensile load bearing strength to most
connective tissues, particularly to tendons.

To simulate catabolic responses in tendons, tendon cells can be isolated
and exposed to IL-1 (for example, human tendon celis can be treated in vitro
with recombinant human IL-1B). Differential gene expression analysis can then
be employed to analyze how tendon cells respond to catabolic conditions, and
the genes identified as being responsive to catabolic activity can be identified.
This technique is disclosed in Example 4 and the genes so identified are
presented in Table 4.

II.D. Other Applications

The genes and gene expression information provided herein, such as in

Tables 1-4, can also be used as markers for the monitoring of disease and/or
injury progression and/or the progress of a treatment, for instance, a recovery
from an injury to a connective tissue, such as a tendon. For example, a tendon
tissue sample or other sample from a patient can be assayed by any of the
approaches disclosed herein, and the expression levels in the sample from a
gene or genes from Tables 1-4 can be compared to the expression levels
found in a reference tissue, e.g. normal tendon tissue and/or discarded or
injured tissue. Comparison of the expression data, as well as available
sequence or other information can be done by researcher or diagnostician or
can be done with the aid of a computer and databases as described herein.
Representative treatments include pharmacological treatments, physical
therapy treatments, and combinations thereof.

The genes and gene expression information provided herein, such as in
Tables 1-4, can also be used as markers for the diagnosis of connective tissue
disease, for instance, a disease of a connective tissue such as a tendon. For
example, a tendon tissue sample or other sample from a patient suspected of

having a tendon disease can be assayed by any of the approaches disclosed
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herein, and the expression levels in the sample from a gene or genes from
Tables 1-4 can be compared to the expression levels found in a reference
tissue, e.g. normal tendon tissue (e.g., from another tendon in the same subject
or a different subject).

Monitoring changes in gene expression can also provide certain
advantages during drug screening development. Often drugs are screened
and prescreened for the ability to interact with a major target without regard to
other effects the drugs have on cells. Often such other effects cause toxicity in
the whole animal, which prevent the development and use of the potential drug.

According to the presently disclosed subject matter, the genes disclosed
herein, for example those disclosed in Tables 1-4, can also be used as markers
to evaluate the effects of a candidate drug or agent on a connective tissue cell,
such as but not limited to a tendon cell undergoing repair from injury or
disease, such as for example, a tendon cell or tendon tissue sample. A
candidate drug or agent can be screened for the ability to stimulate the
transcription or expression of a given marker or markers (drug targets) or to
down-regulate or counteract the transcription or expression of a marker or
markers. According to the presently disclosed subject matter, one can also
compare the specificity of a drug’s effects by looking at the number of markers
that the drugs have and comparing them. More specific drugs will have fewer
transcriptional targets. Similar sets of markers identified for two drugs indicate
a similarity of effects.

Assays to monitor the expression of a marker or markers disclosed
herein, such as those defined in Tables 1-4, can utilize any available technique
of monitoring for changes in the expression level of the biosequences disclosed
herein. As used herein, an agent is said to modulate the expression of a
biosequence if it is capable of up- or down-regulating expression of the
biosequence in a cell. |

In some embodiments, gene chips containing oligonucleotides that
specifically bind to at least one, two, three, four, five, six, seven, eight, nine,
ten, or more genes from a target cell type (e.g., those genes disclosed in
Tables 1-4) can be used to directly monitor or detect changes in gene

expression in the treated or exposed cell. In another format, cell lines that
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contain repdrter gene fusions between the open reading frame and/or the 3' or
5' regulatory regions of a gene (e.g., those listed in Tables 1-4) and any
assayable fusion partner can be prepared. Numerous assayable fusion
partners are known and readily available including the firefly luciferase gene
and the gene encoding chloramphenicol acetyltransferase (Alam et al., 1990).
Cell lines containing the reporter gene fusions are then exposed to the agent to
be tested under appropriate conditions and time. Differential expression of the
reporter gene between samples exposed to the agent and control samples
identifies agents that modulate the expression of the nucleic 'acid.

Additional assay formats can be used to monitor the ability of the agent
to modulate the expression of a gene identified herein (e.g., in Tables 1-4). For
instance, as described above, mRNA expression can be monitored directly by
hybridization of probes to the biosequences disclosed herein. Celi lines are
exposed to the agent to be tested under appropriate conditions and time and
total RNA or mRNA is isolated by standard procedures such those disclosed in
Sambrook and Russell, 2001.

In some embodiments, cells or cell lines are first identified which express
the gene products disclosed herein physiologically. Cell and/or cell lines so
identified would be expected to comprise the necessary cellular machinery
such that the fidelity of modulation of the transcriptional apparatus is
maintained with regard to exogenous contact of agent with appropriate surface
transduction mechanisms and/or the cytosolic cascades. Such cell lines can
be, but are not required to be, derived from connective tissue, such as tendon.
Further, such cells or cell lines can be transduced or transfected with an
expression vehicle (e.g., a plasmid or viral vector) construct comprising an
operable non-translated 5'-promoter containing end of the structural gene
encoding the presently disclosed gene products fused to one or more antigenic
fragments, which are peculiar to the presently disclosed ‘gene products,
wherein said fragments are under the transcriptional control of said promoter
and are expressed as polypeptides whose molecular weight can be
distinguished from the naturally occurring polypeptides or can further comprise
an immunologically distinct tag. Such a process is known in the art (see
Sambrook and Russell, 2001).
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Cells or cell lines transduced or transfected as outlined above are then
contacted with agents under appropriate conditions; for example, the agent
comprises a pharmaceutically acceptable excipient and is contacted with cells
comprised in an aqueous physiological buffer such as phosphate buffered
saline (PBS) at physiological pH, Eagles balanced salt solution (BSS) at
physiological pH, PBS or BSS comprising serum, or conditioned media
comprising PBS or BSS and serum incubated at 37°C. These conditions can
be modulated as deemed necessary by one of skill in the art. Subsequent to
contacting the cells with the agent, said cells will be disrupted and the
polypeptides of the lysate are fractionated such that a polypebtide fraction is
pooled and contacted with an antibody to be further processed by
immunological assay (e.g., ELISA, immunoprecipitation, or Western blot). The
pool of proteins isolated from the "agent-contacted" sample can be compared
with a control sample where only the excipient is contacted with the cells and
an increase or decrease in the immunologically generated signal from the
"agent-contacted" sample compared to the control can be used to distinguish
the effectiveness of the agent.

In some embodiments, the presently disclosed subject matter provides
methods for identifying agents that modulate the levels, concentration, or at
least one activity of a protein(s) encoded by genes disclosed herein, such asin
Tables 1-4. Such methods or assays can utilize any method of monitoring or
detecting the desired activity.

In some embodiments, the relative amounts of a protein of the presently
disclosed subject matter between a cell population that has been exposed to
the agent to be tested compared to an unexposed control cell population can
be assayed. In this format, probes such as specific antibodies are used to .
monitor the differential expression of the protein in the different cell
populations. Cell lines or populations are éxposed to the agent to be tested
under appropriate conditions and time. Cellular lysates can be prepared from
the exposed cell line or population and a control, unexposed cell line or
population. The cellular lysates are then analyzed with the probe, such as a
specific antibody.
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Agents that are assayed in the above methods can be randomly
selected or rationally selected or designed. As used herein, an agent is said to
be randomly selected when the agent is chosen randomly without considering
the specific sequences involved in the association of the a protein of the
invention alone or with its associated substrates, binding partners, etc. An
example of randomly selected agents is the use a chemical library or a peptide
combinatorial library, or a growth broth of an organism.

As used herein, an agent is said to be rationally selected or designed
when the agent is chosen on a nonrandom basis, which takes into account the
sequence of the target site and/or its conformation in connection with the
agent's action. Agents can be rationally selected or rationally designed by
utilizing the peptide sequences that make up these sites.

For example, a rationally selected peptide agent can be a peptide
comprising an amino acid sequence identical to or a derivative of any functional
consensus site.

The agents of the presently disclosed subject matter can include, but are
not limited to peptides, small molecules, vitamin derivatives, and
carbohydrates. Dominant negative proteins, DNA encoding these proteins,
antibodies to these proteins, peptide fragments of these proteins, and/or
mimics of these proteins can be introduced into cells to affect function. "Mimic"
as used herein refers to the modification of a region or several regions of a
peptide molecule to provide a structure chemically different from the parent
peptide but topographically and functionally similar to the parent peptide (see
Grant 1995). A skilled artisan can readily recognize that there is no limit as to
the structural nature of the agents of the presently disclosed subject matter.

II.LE. Methods of Gene Expression Analysis

Il.LE.1. Assay Formats

The genes identified as being differentially expressed in, for example,
tendon cells versus muscle cells, or in tendon cells under different genetic or
environmental conditions, can be used in a variety of nucleic acid detection
assays to detect or quantitate the expression level of a gene or multiple genes
in a given sample. For example, Northern blotting, nuclease protection, RT-
PCR (e.g., quantitative RT-PCR; QRT-PCR), and/or differential display
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methods can be used for detecting gene expression levels. In some
embodiments, methods and assays of the presently disclosed subject matter
are employed with array or chip hybridization-based methods for detecting the
expression of a plurality of genes.

Any hybridization assay format can be used, including solution-based
and solid support-based assay formats. Representative solid supports
containing oligonucleotide probes for differentially expressed genes of the
presently disclosed subject matter can be filters, polyvinyl chloride dishes,
silicon, glass based chips, etc. Such wafers and hybridization methods are
widely available and include, for example, those disclosed in PCT International
Patent Application Publication WO 95/11755). Any solid surface to which
oligonucleotides can be bound, either directly or indirectly, either covalently or
non-covalently, can be used. An exemplary solid support is a high-density
array or DNA chip. These contain a particular oligonucleotide probe in a
predetermined location on the array. Each predetermined location can contain
more than one molecule of the probe, but in some embodiments each molecule
within the predetermined location has an identical sequence. Such
predetermined locations are termed features. There can be any number of
features on a single solid support including, for example, about 2, 10, 100,
1000, 10,000, 100,000, or 400,000 of such features on a single solid support.
The solid support, or the area within which the probes are attached, can be of
any convenient size (for example, on the order of a square centimeter).

Oligonucleotide probe arrays for differential gene expression monitoring
can be made and employed according to any techniques known in the art (see
e.g., Lockhart et al., 1996; McGall et al., 1996). Such probe arrays can contain
at least two or more oligonucleotides that are complementary to or hybridize to
two or more of the genes described herein. Such arrays can also contain
oligonucleotides that are complementary or hybridize to at least about 2, 3, 4,
5 6,7, 8,9, 10, 15, 20, 25, 30, 50, 70, 100, or more of the nucleic acid
sequences disclosed herein. ‘

The genes that are assayed according to the presently disclosed subject
matter are typically in the form of RNA (e.g., total RNA or mRNA) or reverse
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transcribed RNA. The genes can be cloned or not, and the genes can be
amplified or not. In some embodiments, poly A" RNA is employed as a source.

The sequences of the expression marker genes disclosed herein are in
the public databases and/or are disclosed in the Sequence Listing. Tables 1-4
provide the GENBANK® Accession Numbers for the nucleic acid sequences
identified. The sequences of the genes in the GENBANK® database are
expressly incorporated by reference as are equivalent and related sequences
presentin GENBANK® or other public databases. Also expressly incorporated
herein by reference are all annotations present in the GENBANK® database
associated with the sequences disclosed herein. |

It is understood, for example, that although Tables 1-3 disclose nucleic
acid sequences from mouse and Table 4 discloses nucleic acid sequences
from human, the techniques disclosed herein can be used to detect differential
expression of the genes disclosed in Tables 1-4 for any species. Forexample,
Table 1 discloses that Annexin A8 (Anxa8) is expressed to an about 10 fold
higher level in mouse Achilles tendon than in mouse gastrocnemius muscle.
The nucleic acid sequence of a mouse Anxa8 gene product is disclosed as
cdrresponding to GENBANK® Accession No. NM_013473. However, when the
subject is a human subject, it is understood that the expression level of the
human ANXA8 gene would be assayed, and reagents that are capable of
detecting expression of a human ANXA8 gene product (e.g., an RNA
transcribed from, or a polypeptide encoded by, human ANXA8) would be
designed based upon the nucleic acid and/or amino acid sequences of human
ANXAS8. It is further.understood that the nucleic acid and amino acid
sequences of these gene products are also publicly available, for example in
the GENBANK® database (Accession Nos. NM_001630 and NP_001621,
respectively), as are the nucleic acid and amino acid sequences of the genes
listed in Tables 1-4 from several species other than human and mouse. As
such, sequences corresponding to the GENBANK® database entries explicitly
recited herein, as well as all sequences corresponding to orthologous
sequences in other species that are also present in the GENBANK® database,

are incorporated herein by reference.
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Probes based on the sequences of the genes described herein can be
prepared by any commonly available method. Oligonucleotide probes for
assaying the tissue or cell sample are in some embodiments of sufficient length
to specifically hybridize only to appropriate, complementary genes or
transcripts. Typically, the oligonucleotide probes are atleast 10, 12, 14, 16, 18,
20, or 25 nucleotides in length. In some embodiments, longer probes of at
least 30, 40, 50, or 60 nucleotides are employed.

As used herein, oligonucleotide sequences that are complementary to
one or more of the genes described herein are oligonucieotides that are
capable of hybridizing under stringent conditions to at least part of the
nucleotide sequence of said genes. Such hybridizable oligonucleotides will
typically exhibit in some embodiments at least about 75% sequence identity, in
some embodiments about 80% sequence identity, in some embodiments about
85% sequence identity, in some embodiments about 90% sequence identity, in
some embodiments about 95% sequence identity, and in some embodiments
greater than 95% sequence identity (e.g., 96%, 97%, 98%, 99%, or 100%
sequence identity) at the nucleotide level to the nucleic acid sequences
disclosed herein.

"Bind(s) substantially" refers to complementary hybridization between a
probe nucleic acid and a target nucleic acid and embraces minor mismatches
that can be accommodated by reducing the stringency of the hybridization
media to achieve the desired detection of the target polynucleotide sequence.

The terms "background" or "background signal intensity" refer to
hybridization signals resulting from non-specific binding, or other interactions,
between the labeled target nucleic acids and components of the
oligonucleotide array (e.g., the oligonucleotide probes, control probes, the array
substrate, etc.). Background signals can also be produced by intrinsic
fluorescence of the array components themselves. A single background signal
can be calculated for the entire array, or a different background signal can be
calculated for each target nucleic acid. In some embodiments, background is
calculated as the average hybridization signal intensity for the lowest 5% to
10% of the probes in the array, or, where a different background signal is
calculated for each target gene, for the lowest 5% to 10% of the probes for
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each gene. Of course, one of skill in the art will appreciate that where the
probes to a particular gene hybridize well and thus appear to be specifically
binding to a target sequence, they should not be used in a background signal
calculation. Alternatively, background can be calculated as the average
hybridization signal intensity produced by hybridization to probes that are not
complementary to any sequence found in the sample (e.g., probes directed to
nucleic acids of the opposite sense or to genes not found in the sample such
as bacterial genes where the sample is mammalian nucleic acids).
Background can also be calculated as the average signal intensity produced by
regions of the array that lack any probes at all.

Assays and methods of the presently disclosed subject matter can utilize
available formats to simultaneously screen in some embodiments at least
about 10, in some embodiments at least about 50, in some embodiments at
least about 100, in some embodiments at least about 1000, in some
embodimehts at least about 10,000, and in some embodiments at least about
40,000 or more different nucleic acid hybridizations.

The terms "mismatch control” and "mismatch probe" refer to a probe
comprising a sequence that is deliberately selected not to be perfectly
complementary to a particular target sequence. For each mismatch (MM)
control in a high-density array there typically exists a corresponding perfect
match (PM) probe that is perfectly complementary to the same particular target
sequence. The mismatch can comprise one or more bases. |

While the mismatch(s) can be located anywhere in the mismatch probe,
terminal mismatches are less desirable as a terminal mismatch is less likely to
prevent hybridization of the target sequence. In some embodiments, the
mismatch is located at or near the center of the probe such that the mismatch
is most likely to destabilize the duplex with the target sequence under the test
hybridization conditions.

The phrase "perfect match probe" refers to a probe that has a sequence
that is perfectly complementary to a particular target sequence. The test probe
is typically perfectly complementary to a portion (subsequence) of the target
sequence. The perfect match (PM) probe can be a "test probe", a
"normalization control" probe, an expression level control probe, or the like. A
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perfect match control or perfect match probe is, however, distinguished from a
"mismatch control" or "mismatch probe". .

As used herein, a "probe" is defined as a nucleic acid that is capable of
binding to a farget nucleic acid of complementary sequence through one or
more types of chemical bonds, usually through complementary base pairing,
usually through hydrogen bond formation. As used herein, a probe can include
natural (i.e., A, G, U, C, or T) or modified bases (7-deazaguanosine, inosine,
etc.). In addition, the bases in probes can be joined by a linkage other than a
phosphodiester bond, so long as it does not interfere with hybridization. Thus,
probes can be peptide nucleic acids in which the constituent bases are joined
by peptide bonds rather than phosphodiester linkages.

IL.LE.2. Probe Design

Upon review of the present disclosure, one of skill in the art will

appreciate that an enormous number of array designs are suitable for the
practice of the presently disclosed subject matter. The high-density array
typically includes a number of probes that specifically hybridize to the
sequences of interest. See PCT International Patent Application Publication
WO 99/32660, incorporated herein be reference in its entirety, for methods of
producing probes for a given gene or genes. In addition, in some
embodiments, the array includes one or more control probes.

High-density array chips of the presently disclosed subject matter
include in some embodiments "test probes". Test probes can be
oligonucleotides that in some embodiments range from about 5 to about 500 or
about 5 to about 50 nucleotides, in some embodiments from about 10 to about
40 nucleotides, and in some embodiments from about 15 to about 40
nucleotides in length. In some embodiments, the probes are about 20 to 25
nucleotides in length. In some embodiments, test probes are double or single
strand DNA sequences. DNA sequences are isolated or cloned from natural
sources and/or amplified from natural sources using natural nucleic acid as
templates. These probes have sequences complementary to particular
subsequences of the genes whose expression they are designed to detect.
Thus, the test probes are capable of specifically hybridizing to the target nucleic

acid they are to detect.
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In addition to test probes that bind the target nucleic acid(s) of interest,
the high-density array can contain a number of control probes. The control
probes fall into three categories referred to herein as (1) normalization controls;
(2) expression'level controls; and (3) mismatch controls.

Normalization controls are oligonucleotide or other nucleic acid probes
that are complementary to labeled reference oligonucleotides or other nucleic
acid sequences that are added to the nucleic acid sample. The signals
obtained from the normalization controls after hybridization provide a control for
variations in hybridization conditions, label intensity, "reading” efficiency and
other factors that can cause the signal of a perfect hybridization to vary
between arrays. In some embodiments, signals (e.g., fluorescence intensity)
read from all other probes in the array are divided by the signal (e.g.,
fluorescence intensity) from the control probes, thereby normalizing the
measurements.

Virtually any probe can serve as a normalization control. However, it is
recognized that hybridization efficiency varies with base composition and probe

length. Exemplary normalization probes can be selected to reflect the average

~ length of the other probes present in the array; however, they can be selected

to cover a range of lengths. The normalization control(s) can also be selected
to reflect the (average) base composition of the other probes in the array;
however, in some embodiments, only one or a few probes are used and they
are selected such that they hybridize well (i.e., no secondary structure) and do
not match any target-specific probes.

Expression level controls are probes that hybridize specifically with
constitutively expressed genes in the biological sample. Virtually any
constitutively expressed gene provides a suitable target for expression level
controls.  Typical expression level control probes have sequences
complementary to subsequences of constitutively expressed "housekeeping
genes" including, but not limited to, the B-actin gene, the transferrin receptor
gene, the GAPDH gene, and the like.

Mismatch controls can also be provided for the probes to the target
genes, for expression level controls or for normalization controls. Mismatch

controls are oligonucleotide probes or other nucleic acid probes identical to
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their corresponding test or control probes except for the presence of one or
more mismatched bases. A mismatched base is a base selected so that it is
not complementary to the corresponding base in the target sequence to which
the probe would otherwise specifically hybridize. One or more mismatches are
selected such that under appropriate hybridization conditions (e.g., stringent
conditions) the test or control probe would be expected to hybridize with its
target sequence, but the mismatch probe would not hybridize (or would
hybridize to a significantly lesser extent). In some embodiments, mismatch
probes contain one or more central mismatches. Thus, for example, where a
probe is a 20-mer, a corresponding mismatch probe will have the identical
sequence except for a single base mismatch (e.g., substitutinga G,aC,oraT
for an A) at any of positions 6 through 14 (the central mismatch).

Mismatch probes thus provide a control for non-specific binding or cross
hybridization to a nucleic acid in the sample other than the target to which the
probe is directed. Mismatch probes also indicate whether a hybridization is
specific or not. For example, if the target is present the perfect match probes
should be consistently brighter than the mismatch probes. In addition, if all
central mismatches are present, the mismatch probes can be used to detecta
mutation. The difference in intensity between the perfect match and the
mismatch probe (IBM)-I(MM)) provides a good measure of the concentration of
the hybridized material.

[l.LE.3. Nucleic Acid Samples

A biological sample that can be analyzed in accordance with the

presently disclosed subject matter comprises in some embodiments a nucleic
acid. The terms “nucleic acid”, “nucleic acids”, and “nucleic acid molecules”
each refer in some embodiments to deoxyribonucleotides, ribonucleotides, and
polymers and folded structures thereof in either single- or double-stranded
form. Nucleic acids can be derived from any source, including any organism.

Deoxyribonucleic acids can comprise genomic DNA, cDNA derived from

‘ribonucleic acid, DNA from an organelle (e.g., mitochondrial DNA or chloroplast

DNA), or combinations thereof. Ribonucleic acids can comprise genomic RNA
(e.g., viral genomic RNA), messenger RNA (mRNA), ribosomal RNA (rRNA),
transfer RNA (tRNA), or combinations thereof.

-28-



10

15

20

25

30

WO 2006/089268 PCT/US2006/005948

i1.E.3.i. Isolation of Nucleic Acid Samples

Nucleic acid samples used in the methods and assays of the presently
disclosed subject matter can be prepared by any available method or process.
Methods of isolating total mMRNA are also known to those of skill in the art. For
example, methods of isolation and purification of nucleic acids are described in
detail in Chapter 3 of Tijssen 1993. Such samples include RNA samples, but
also include cDNA synthesized from an mMRNA sample isolated from a cell or
tissue of interest. Such samples also include DNA amplified from the cDNA, an
RNA transcribed from the amplified DNA, and combinations thereof. One of
skill in the art would appreciate that it can be desirable to inhibit or destroy
RNase present in homogenates before homogenates are used as a source of
RNA.

The presently disclosed subject matter encompasses use of a
sufficiently large biological sample to enable a comprehensive survey of low
abundance nucleic acids in the sample. Thus, the sample can optionally be
concentrated prior to isolation of nucleic acids. Several protocols for
concentration have been developed that alternatively use slide supports
(Kohsaka & Carson, 1994; Millar et al., 1995), filtration columns (Bej ef al.,
1991), or immunomagnetic beads (Albert et al., 1992; Chiodi et al., 1992).
Such approaches can significantly increase the sensitivity of subsequent
detection methods.

As one example, SEPHADEX® matrix (Sigma of St. Louis, Missouri,
United States of America) is a matrix of diatomaceous earth and glass
suspended in a solution of chaotropic agents and has been used to bind
nucleic acid material (Boom et al., 1990; Buffone et al., 1991). After the nucleic
acid is bound to the solid support material, impurities and inhibitors are
removed by washing and centrifugation, and the nucleic acid is then eluted into
a standard buffer. Target capture also allows the target sample to be
concentrated into a minimal volume, facilitating the automation and
reproducibility of subsequent analyses (Lanciotti ef al., 1992).

Methods for nucleic acid isolation can comprise simultaneous isolation of
total nucleic acid, or separate and/or sequential isolation of individual nucleic

acid types (e.g., genomic DNA, cDNA, organelle DNA, genomic RNA, mRNA,
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poly A" RNA, rRNA, tRNA) followed by optional combination of multiple nucleic
acid types into a single sample. ‘

When RNA (e.g., mRNA) is selected for analysis, the disclosed methods
allow for an assessment of gene expression in the tissue or cell type from
which the RNA was isolated. RNA isolation methods are known to one of skill
in the art. See Albert ef al.,, 1992; Busch et al., 1992; Hamel et al., 1995,
Herrewegh et al., 1995; Izraeli et al., 1991; McCaustland ef al., 1991; Natarajan
et al., 1994: Rupp et al., 1988; Tanaka ef al., 1994; and Vankerckhoven et al.,
1994. A representative procedure for RNA isolation from a clinical sample is
set forth in Example 1.

Simple and semi-automated extraction methods can also be used for
nucleic acid isolation, including for example, the SPLIT SECOND™ system
(Boehringer Mannheim of Indianapolis, Indiana, United States of America), the
TRIZOL™ Reagent system (Life Technologies of Gaithersburg, Maryland,
United States of America), and the FASTPREP™ system (Bio 101 of La Jolla,
California, United States of America). See also Smith 1998; and Paladichuk
1999.

In some embodiments, nucleic acids that are used for subsequent
amplification and labeling are analytically pure as determined by
spectrophotometric measurements or by visual inspection following
electrophoretic resolution. In some embodiments, the nucleic acid sample is
free of contaminants such as polysaccharides, proteins, and inhibitors of
enzyme reactions. When a biological sample comprises an RNA molecule that
is intended for use in producing a probe, it is preferably free of DNase and
RNase. Contaminants and inhibitors can be removed or substantially reduced
using resins for DNA extraction (e.g., CHELEX™ 100 from BioRad
Laboratories of Hercules, California, United States of America) or by standard
phenol extraction and ethanol precipitation.

IL.E.3.ii. Amplification of Nucleic Acid Samples

In some embodiments, a nucleic acid isolated from a biological sample
is amplified prior to being used in the methods disclosed herein. In some
embodiments, the nucleic acid is an RNA molecule, which is converted to a

complementary DNA (cDNA) prior to ampilification. Techniques for the isolation
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of RNA molecules and the production of cDNA molecules from the RNA
molecules are known (see generally, Silhavy et al., 1984; Sambrook & Russell,
2001; Ausubel ef al., 2002; and Ausubel et al., 2003). In some embodiments,
the amplification of RNA molecules isolated from a biologiéal sample is a
quantitative amplification (e.g., by quantitative RT-PCR).

The terms “template nucleic acid” and “target nucleic acid” as used
herein each refer to nucleic acids isolated from a biological sample as
described herein above. The terms “template nucleic acid pool”, “template
pool”, “target nucleic acid pool”, and “target pool” each refer to an amplified
sample of “template nucleic acid”. Thus, a target pool comprises amplicons
generated by performing an amplification reaction using the template nucleic
acid. In some embodiments, a target pool is amplified using a random
amplification procedure as described herein.

The term “target-specific primer” refers to a primer that hybridizes
selectively and predictably to a target sequence, for example a tendon-specific
sequence, in a target nucleic acid sample. A target-specific primer can be
selected or synthesized to be complementary to known nucleotide sequences
of target nucleic acids. '

The term “random primer” refers to a primer having an arbitrary
sequence. The nucleotide sequence of a random primer can be known,
although such sequence is considered arbitrary in that it is not specifically
designed for complementarity to a nucleotide sequence of the presently
disclosed subject matter. The term “random primer” encompasses selection of
an arbitraryrsequence having increased probability to be efficiently utilized in an
amplification reaction. For example, the Random Oligonucleotide Construction
Kit (ROCK) is a macro-based program that facilitates the generation and
analysis of random oligonucleotide primers (Strain & Chmielewski, 2001).
Representative primers include but are not limited to random hexamers and
rapid amplification of polymorphic DNA (RAPD)-type primers as described by
Williams et al., 1990.

A random primer can also be degenerate or partially degenerate as
described by Telenius ef al., 1992. Briefly, degeneracy can be introduced by
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selection of alternate oligonucleotide sequences that can encode a same
amino acid sequence.

In some embodiments, random primers can be prepared by shearing or
digesting a portion of the template nucleic acid sample. Random primers so-
constructed comprise a sample-specific set of random primers.

The term “heterologous primer” refers to a primer complementary to a
sequence that has been introduced into the template nucleic acid pool. For
example, a primer that is complementary to a linker or adaptor, as described
below, is a heterologous primer. Representative heterologous primers can
optionally include a poly(dT) primer, a poly(T) primer, or as appropriate, a
poly(dA) or poly(A) primer.

The term “primer” as used herein refers to a contiguous sequence
comprising in some embodiments about 6 or more nucleotides, in some
embodiments about 10-20 nucleotides (e.g., 15-mer), and in some
embodiments about 20-30 nucleotides (e.g., a 22-mer). Primers used to
perform the methods of the presently disclosed subject matter encompass
oligonucleotides of sufficient length and appropriate sequence so as to provide
initiation of polymerization on a nucleic acid molecule.

U.S. Patent No. 6,066,457 to Hampson et al. describes a method for

substantially uniform amplification of a collection of single stranded nucleic acid

molecules such as RNA. Briefly, the nucleic acid starting material is anchored
and processed to produce a mixture of directional shorter random size DNA
molecules suitable for amplification of the sample..

In accordance with the methods of the presently disclosed subject
matter, any PCR technique or related technique can be employed to perform
the step of amplifying the nucleic acid sample. In addition, such methods can
be optimized for amplification of a particular subset of nucleic acid (e.g.,
genomic DNA versus RNA), and representative optimization criteria and related
guidance can be found in the art. See Cha & Thilly, 1993; Linz et al., 1990;
Robertson & Walsh-Weller, 1998; Roux 1995; Williams 1989; and McPherson
et al., 1995.
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1.E.3.iii. Labeling of Nucleic Acid Samples

Optionally, a nucleic acid sample (e.g., a quantitatively amplified RNA
sample) further comprises a detectable label. In some embodiments of the
presently disclosed subject matter, the amplified nucleic acids can be labeled
prior to hybridization to an array. Alternatively, randomly amplified nucleic
acids are hybridized with a set of probes, without prior labeling of the amplified
nucleic acids. For example, an unlabeled nucleic acid in the biological sample
can be detected by hybridization to a labeled probe. In some embodiments,
both the randomly amplified nucleic acids and the one or more pathogen-
specific probes include a label, wherein the proximity of the labels following
hybridization enables detection. An exemplary procedure using nucleic acids
labeled with chromophores and fluorophores to generate detectable photonic
structures is described in U.S. Patent No. 6,162,603 to Heller.

In accordance with the methods of the presently disclosed subject
matter, the amplified nucleic acids or pathogen-specific probes/probe sets can
be labeled using any detectable label. 1t will be understood to one of skill in the
art that any suitable method for labeling can be used, and no particular
detectable label or technique for labeling should be construed as a limitation of
the disclosed methods.

Direct labeling techniques include incorporation of radioisotopic or
fluorescent nucleotide analogues into nucleic acids by enzymatic synthesis in
the presence of labeled nucleotides or labeled PCR primers. A radio-isotopic
label can be detected using autoradiography or phosphorimaging. A
fluorescent label can be detected directly using emission and absorbance
spectra that are appropriate for the particular label used. Any detectable
fluorescent dye can be used, including but not limited to FITC (fluorescein
isothiocyanate), FLUOR X™, ALEXA FLUOR® 488, OREGON GREEN® 488,
8-JOE (6-carboxy-4',5"-dichloro-2', 7'-dimethoxyfluorescein, succinimidyl ester),
ALEXA FLUOR® 532, Cy3, ALEXA FLUOR® 546, TMR
(tetramethylrhodamine), ALEXA FLUOR® 568, ROX (X-rhodamine), ALEXA
FLUOR® 594, TEXAS RED®, BODIPY® 630/650, and Cy5 (available from
Amersham Pharmacia Biotech of Piscataway, New Jersey, United States of
America or from Molecular Probes Inc. of Eugene, Oregon, United States of
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America). Fluorescent tags also include sulfonated cyanine dyes (available
from Li-Cor, Inc. of Lincoln, Nebraska, United States of America) that can be
detected using infrared imaging. Methods for direct labeling of a
heterogeneous nucleic acid sample are known in the art and representative
protocols can be found in, for example, DeRisi et al., 1996; Sapolsky &
Lipshutz, 1996; Schena et al., 1995; Schena et al., 1996; Shalon et al., 1996:
Shoemaker et al., 1996; and Wang et al., 1998.

In some embodiments, nucleic acid molecules isolated from different cell
types and/or cell types from different genetic and/or environmental
backgrounds are labeled with different detectable markers, allowing the nucleic
acids to analyzed simultaneously on an array. For example, as disclosed in
EXAMPLE 1, a first RNA sample (e.g., mouse Achilles tendon (AT) RNAs) can
be reverse transcribed into cDNAs labeled with cyanine 3 (a green dye
fluorophore; Cy3) while a second RNA sample to which the first RNA sample is
to be compared (e.g., gastrocnemius muscle (GM) RNAs) can be labeled with
cyanine 5 (a red dye fluorophore; Cy5).

The quality of probe or nucleic acid sample labeling can be
approximated by determining the specific activity of label incorporation. For
example, in the case of a fluorescent label, the specific activity of incorporation
can be determined by the absorbance at 260 nm and 550 nm (for Cy3) or 650
nm (for Cy35) using published extinction coefficients (Randolph & Waggoner,
1995). Very high label incorporation (specific activities of >1 fluorescent
molecule/20 ﬁucleotides) can result in a decreased hybridization signal
compared with probe with lower label incorporation. Very low specific activity
(<1 fluorescent molecule/100 nucl’eotides) can give unacceptably low
hybridization signals. See Worley et al., 2000. Thus, it will be understood to
one of skill in the art that labeling methods can be optimized for performance in
microarray hybridization assay, and that optimal labeling can be unique to each
label type. '

I.LE.4. Forming High-density Arrays

In some embodiments of the presently disclosed subject matter, probes
or probe sets are immobilized on a solid support such that a position on the

support identifies a particular probe or probe set. In the case of a probe set,
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constituent probes of the probe set can be combined prior to placement on the
solid support or by serial placement of constituent probes at a same position on
the solid support.

A microarray can be assembled using any suitable method known to one
of skill in the art, and any one microarray configuration or method of
construction is not considered to be a limitation of the presently disclosed
subject matter. Representative microarray formats that can be used in
accordance with the methods of the presently disclosed subject matter are
described herein below and include, but are not limited to light-directed
chemical coupling, and mechanically directed coupling (see U.S. Patent Nos.
5,143,854 to Pirrung et al.; 5,800,992 to Fodor et al.; and 5,837,832 to Chee ef
al).

ILE.4.i. Array Substrate and Configuration

The substrate for printing the array should be substantially rigid and
amenable to DNA immobilization and detection methods (e.g., in the case of
fluorescent detection, the substrate must have low background fluorescence in
the region of the fluorescent dye excitation wavelengths). The substrate can be
nonporous or porous as determined most suitable for a particular application.
Representative substrates include but are not limited to a glass microscope
slide, a glass coverslip, silicon, plastic, a polymer matrix, an agar gel, a
polyacrylamide gel, and a membrane, such as a nylon, nitrocellulose or
ANAPORE™ (Whatman of Maidstone, United Kingdom) membrane.

Porous substrates (membranes and polymer matrices) are preferred in
that they permit immobilization of relatively large amount of probe molecules
and provide a three-dimensional hydrophilic environment for biomolecular
interactions to occur (Dubiley et al., 1997; Yershov et al., 1996). A BIOCHIP
ARRAYER™ dispenser (Packard Instrument Company of Meriden, Connecticut,
United States of America) can effectively dispense probes onto membranes
such that the spot size is consistent among spots whether oné, two, or four
droplets were dispensed per spot (Englert 2000).

A microarray substrate for use in accordance with the methods of the
presently disclosed subject matter can have either a two-dimensional (planar)

or a three-dimensional (non-planar) configuration. An exemplary three-

-35-



WO 2006/089268 PCT/US2006/005948

10

15

20

25

30

dimensional microarray is the FLOW-THRU™ chip (Gene Logic, Inc. of
Gaithersburg, Maryland, United States of America), which has implemented a
gel pad to create a third dimension. Such a three-dimensional microarray can
be constructed of any suitable substrate, including glass capillary, silicon, metal
oxide filters, or porous polymers. See Yang et al., 1998.

Briefly, a FLOW-THRU™ chip (Gene Logic, Inc.) comprises a uniformly
porous substrate having pores or microchannels connectihg upper and lower
faces of the chip. Probes are immobilized on the walls of the microchannels
and a hybridization solution comprising sample nucleic acids can flow through
the microchannels. This configuration increases the capacity for probe and
target binding by providing additional surface relative to two-dimensional
arrays. See U.S. Patent No. 5,843,767 to Beattie.

ILE.4.ii. Surface Chemistry

The par’ticular surface chemistry employed is inherent in the microarray
substrate and substrate preparation. Probe immobilization of nucleic acids
probes post-synthesis can be accomplished by various approaches, including
adsorption, entrapment, and covalent attachment. Typically, the binding
technique is designed to not disrupt the activity of the probe.

For substantially permanent immobilization, covalent attachment is
generally performed. Since few organic functional groups react with an
activated silica surface, an intermediate layer is advisable for substantially
permanent probe immobilization. Functionalized organosilanes can be used as
such an intermediate layer on glass and silicon substrates (Liu & Hlady, 1996;
Shriver-Lake 1998). A hetero-bifunctional cross-linker requires that the probe
have a different chemistry than the surface, and is preferred to avoid linking
reactive groups of the same type. A representative hetero-bifunctional cross-
linker comprises gamma-maleimidobutyryloxy-succimide (GMBS) that can bind
maleimide to a primary amine of a probe. Procedures for using such linkers
are known to one of skill in the art and are summarized by Hermanson 1990. A
representative protocol for covalent attachment of DNA to silicon wafers is
described by O’'Donnell et al., 1997.

When using a glass substrate, the glass should be substantially free of

debris and other deposits and have a substantially uniform coating.
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Pretreatment of slides to remove organic compounds that can be deposited
during their manufacture can be accomplished, for example, by washing in hot
nitric  acid. Cleaned slides can then be coated with 3-
aminopropyltrimethoxysilane using vapor-phase techniques. After silane
deposition, slides are washed with deionized water to remove any silane that is
not attached to the glass and to catalyze unreacted methoxy groups to cross-
link to neighboring silane moieties on the slide. The uniformity of the coating
can be assessed by known methods, for example electron spectroscopy for
chemical analysis (ESCA) or ellipsometry (Ratner & Castner, 1997; Schena et
al., 1995). See also Worley et al., 2000.

For attachment of probes greater than about 300 base pairs,
noncovalent binding is suitable. A representative technique for noncovalent
linkage involves use of sodium isothiocyanate (NaSCN) in the spotting solution.
When using this method, amino-silanized slides are typically employed
because this coating improves nucleic acid binding when compared to bare
glass. This method works well for spotting applications that use about 100
ng/ul (Worley ef al., 2000).

In the case of nitrocellulose or nylon membranes, the chemistry of
nucleic acid binding chemistry to these membranes has been well
characterized (Southern 1975; Sambrook and Russell, 2001).

IL.E.4.iii. Arraying Techniques

A microarray for the detection of pathogens in a biological sample can
be constructed using any one of several methods available in the art, including
but not limited to photolithographic and microfluidic methods, further described
herein below. In some embodiments, the method of construction is flexible,
such that a microarray can be tailored for a particular purpose.

As is standard in the art, a technique for making a microarray should
create consistent and reproducible spots. Each spot is preferably uniform, and
appropriately spaced away from other spots within the configuration. A solid
support for use in the presently disclosed subject matter comprises in some
embodiments about 10 or more spots, in some embodiments about 100 or
more spots, in some embodiments about 1,000 or more spots, and in some

embodiments about 10,000 or more spots. In some embodiments, the volume
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deposited per spot is about 10 picoliters to about 10 nanoliters, and in some
embodiments about 50 picoliters to about 500 picoliters. The diameter of a
spot is in some embodiments about 50 um to about 1000 pm, and in some
embodiments about 100 um to about 250 pum.

Light-directed synthesis. This technique was developed by Fodor et al.

(Fodor et al., 1991; Fodor et al., 1993), and commercialized by Affymetrix of
Santa Clara, California, United States of America. Briefly, the technique uses
precision photolithographic masks to define the positions at which single,
specific nucleotides are added to growing single-stranded nucleic acid chains.
Through a étepwise series of defined nucleotide additions and light-directed
chemical linking steps, high-density arrays of defined oligonucleotides are
synthesized on a solid substrate. A variation of the method, called Digital
Optical Chemistry, employs mirrors to direct light synthesis in place of
photolithographic masks (PCT International Patent Application Publication No.
WO 99/63385). This approach is generally limited to probes of about 25
nucleotides in length or less. See also Warrington et al., 2000.

Contact Printing. Several procedures and tools have been developed

for printing microarrays using rigid pin tools. In surface contact printing, the pin
tools are dipped into a sample solution, resulting in the transfer of a small
volume of fluid onto the tip of the pins. Touching the pins or pin samples onto a
microarray surface leaves a spot, the diameter of which is determined by the
surface energies of the pin, fluid, and microarray surface. Typically, the
transferred fluid comprises a volume in the nanoliter or picoliter range.

One common contact printing technique uses a solid pin replicator. A
replicator pin is a tool for picking up a sample from one stationary location and
transporting it to a defined location on a solid support. A typical configuration
for a replicating head is an array of solid pins, generally in an 8 x 12 format,
spaced at 9-mm centers that are compatible with 96- and 384-well plates. The
pins are dipped into the wells, lifted, moved to a position over the microarray
substrate, lowered to touch the solid support, whereby the sample is
transferred. The process is repeated to complete transfer of all the samples.

See Maier et al., 1994. A recent modification of solid pins involves the use of
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solid pin tips having concave bottoms, which print more efficiently than flat pins
in some circumstances. See Rose 2000.

Solid pins for microarray printing can be purchased, for example, from
TeleChem International, Inc. of Sunnyvale, California in a wide range of tip
dimensions. The CHIPMAKER™ and STEALTH™ pins from TeleChem contain
a stainless steel shaft with a fine point. A narrow gap is machined into the point
to serve as a reservoir for sample loading and spotting. The pins have a
loading volume of 0.2 pl to 0.6 pl to create spot sizes ranging from 75 um fo
360 um in diameter.

To permit the printing of multiple arrays with a single samplie loading,
quill-based array tools, including printing capillaries, tweezers, and split pins
have been developed. These printing tools hold larger sample volumes than
solid pins and therefore allow the printing of multiple arrays following a single
sample loading. Quill-based arrayers withdraw a small volume of fluid into a
depositing device from a microwell plate by capillary action. See Schena efal.,
1995. The diameter of the capillary typically ranges from about 10 um to about
100 um. A robot then moves ;the head with quills to the desired location for
dispensing. The quill carries the sample to all spotting locations, where a
fraction of the sample is deposited. The forces acting on the fluid held in the
quill must be overcome for the fluid to be released. Accelerating and then
decelerating by impacting the quill on a microarray substrate accomplishes fluid
release. When the tip of the quill hits the solid support, the meniscus is
extended beyond the tip and transferred onto the substrate. Carrying a large
volume of sample fluid minimizes spotting variability between arrays. Because
tapping on the surface is required for fluid transfer, a relatively rigid support, for
example a glass slide, is appropriate for this method of sample delivery.

A variation of the pin printing process is the PIN-AND-RING™ technique
developed by Genetic MicroSystems Inc. of Woburn, Massachusetts, United
States of America. This technique involves dipping a small ring into the sample
well and removing it to capture liquid in the ring. A solid pin is then pushed
through the sample in the ring, and the sample trapped on the flat end of the
pin is deposited onto the surface. See Mace ef al.,, 2000. The PIN-AND-

RING™ technique is suitable for spotting onto rigid supports or soft substrates
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such as agar, gels, nitrocellulose, and nylon. A representative instrument that
employs the PIN-AND-RING™ technique is the 417™ Arrayer available from
Affymetrix of Santa Clara, California, United States of America.

Additional procedural considerations relevant to contact printing
methods, including array layout options, print area, print head configurations,
sample loading, preprinting, microarray surface properties, sample solution
properties, pin velocity, pin washing, printing time, reproducibility, and printing
throughput are known in the art, and are summarized by Rose 2000.

Noncontact Ink-Jet Printing. A representative method for noncontact

ink-jet printing uses a piezoelectric crystal closely apposed to the fluid reservoir.

One configurétion places the piezoelectric crystal in contact with a glass
capillary that holds the sample fluid. The sample is drawn up into the reservoir
and the crystal is biased with a voltage, which causes the crystal to deform,
squeeze the capillary, and eject a small amount of fluid from the tip.
Piezoelectric pumps offer the capability of controllable, fast jetting rates and
consistent volume deposition. Most piezoelectric pumps are unidirectional
pumps that need to be directly connected, for example by flexible capillary
tubing, to a source of sample supply or wash solution. The capillary and jet
orifices should be of sufficient inner diameter so that molecules are not
sheared. The void volume of fluid contained in the capillary typically ranges
from about 100 pl to about 500 ul and generally is not recoverable. See U.S.
Patent No. 5,965,352 to Stoughton & Friend.

Devices that provide thermal pressure, sonic pressure, or oscillatory

pressure on a liquid stream or surface can also be used for ink-jet printing. See
Theriault ef al., 1999.

Syringe-Solenoid Printing. Syringe-solenoid technology combines a
syringe pump with a microsolenoid valve to provide quantitative dispensing of
nanoliter sample volumes. A high-resolution syringe pump is connected to both
a high-speed microsolenoid valve and a reservoir througlh a switching valve.
For printing microarrays, the system is filled with a system fluid, typically water,
and the syringe is connected to the microsolenoid valve. Withdrawing the
syringe causes the sample to move upward into the tip. The syringe then

pressurizes the system such that opening the microsolenoid valve causes
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droplets to be ejected onto the surface. With this configuration, a minimum
dispense volume is on the order of 4 nl to 8 nl. The positive displacement
nature of the dispensing mechanism creates a substantially reliable system.
See U.S. Patent Nos. 5,743,960 and 5,916,524, both to Tisone.

Electronic Addressing. This method involves placing charged molecules

at specific positions on a blank microarray substrate, for example a
NANOCHIP™ substrate (Nanogen Inc. of San Diego, California, United States
of America). A nucleic acid probe is introduced to the microchip, and the
negatively-charged probe moves to the selected charged position, where it is
concentrated and bound. Serial application of different probes can be
performed to assemble an array of probes at distinct positions. See U.S.
Patent No. 6,225,059 to Ackley et al. and PCT International Patent Application
Publication No. WO 01/23082.

Nanoelectrode Synthesis. An alternative array that can also be used in

accordance with the methods of the presently disclosed subject matter provides
ultra small structures (nanostructures) of a single or a few atomic layers
synthesized on a semiconductor surface such as silicon. The nanostructures
can be designed to correspond precisely to the three-dimensional shape and
electro-chemical properties of molecules, and thus can be used to recognize
nucleic acids of a particular nucleotide sequence. See U.S. Patent No.
6,123,819 fo Peeters.

In brief, the light-directed combinatorial synthesis of oligonucleotide
arrays on a glass surface proceeds using automated phosphoramidite
chemistry and chip masking techniques. In some embodiments, a glass
surface is derivatized with a silane reagent containing a functional group, e.g.,
a hydroxyl or amine group blocked by a photolabile protecting group.
Photolysis through a photolithogaphic mask is used selectively to expose
functional groups that are then ready to react with incoming 5' photoprotected
nucleoside phosphoramidites. The phosphoramidites react only with those
sites that are illuminated (and thus exposed by removal of the photolabile
blocking group). Thus, the phosphoramidites only add to those areas
selectively exposed from the preceding step. These steps are repeated until

the desired array of sequences has been synthesized on the solid surface.
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Combinatorial synthesis of different oligonucleotide analogues at different
locations on the array is determined by the pattern of illumination during
synthesis and the order of addition of coupling reagents.

In addition to the foregoing, other methods that can be used to generate
an array of oligonucleotides on a single substrate are described in PCT
International Patent Application Publication WO 93/09668. High-density
nucleic acid arrays can also be fabricated by depositing pre-made and/or
natural nucleic acids in predetermined positions. Synthesized or natural
nucleic acids are deposited on specific locations of a substrate by light directed
targeting and oligonucleotide directed targeting. A dispenser that moves from
region to region to deposit nucleic acids in specific spots can also be employed.

[l.LE.5. Hybridization

ILE.5.I. General Considerations

The terms “specifically hybridizes” and “selectively hybridizes” each refer
to binding, duplexing, or hybridizing of a molecule only to a particular nucleotide
sequence uhder stringent conditions when that sequence is present in a
complex nucleic acid mixture (e.g., total cellular DNA or RNA).

The phrase “substantially hybridizes” refers to complementary
hybridization between a probe nucleic acid molecule and a substantially
identical target nucleic acid molecule as defined herein. Substantial
hybridization is generally permitted by reducing the stringency of the
hybridization conditions using art-recognized techniques.

“Stringent hybridization conditions” and “stringent hybridization wash
conditions” in the context of nucleic acid hybridization experiments are both
sequence- and environment-dependent. Longer sequences hybridize
specifically at higher temperatures. Generally, highly stringent hybridization
and wash conditions are selected to be about 5°C lower than the thermal
melting point (Tr,) for the specific sequence at a defined ionic strength and pH.
The Tr, is the temperature (under defined ionic strength and pH) at which 50%
of the target sequence hybridizes to a perfectly matched probe. Very stringent
conditions are selected to be equal to the Ty, for a particular probe. Typically,
under “stringent conditions” a probe hybridizes specifically to its target

sequence, but to no other sequences.
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An extensive guide to the hybridization of nucleic acids is found in
Tijssen 1993. In general, a signal to noise ratio of 2-fold (or higher) than that
observed for a negative control probe in a same hybridization assay indicates
detection of specific or substantial hybridization.

ILE.5.ii. Hybridization on a Solid Support

In some embodiments of the presently disclosed subject matter, an

amplified and/or labeled nucleic acid sample is hybridized to specific probes or
probe sets that are immobilized on a continuous solid support comprising a
plurality of identifying positions. Representative formats of such solid supports
are described herein.

The following are examples of hybridization and wash conditions that
can be used to clone homologous nucleotide sequences that are substantially
identical to reference nucleotide sequences of the presently disclosed subject
matter: a probe nucleotide sequence hybridizes in one example to a target
nucleotide sequence in 7% sodium dodecyl sulfate (SDS), 0.5M NaPO4, 1 mm
ethylene diamine tetraacetic acid (EDTA), 1% BSA at 50°C followed by
washing in 2X SSC, 0.1% SDS at 50°C; in another example, a probe and target
sequence hybridize in 7% SDS, 0.5 M NaPO4, 1 mm EDTA, 1% BSA at 50°C
followed by washing in 1X SSC, 0.1% SDS at 50°C; in another example, a
probe and target sequence hybridize in 7% SDS, 0.5 M NaPQOy, 1 mm EDTA,
1% BSA at 50°C followed by washing in 0.5X SSC, 0.1% SDS at 50°C; in
another example, a probe and target sequence hybridize in 7% SDS, 0.5 M
NaPO,, 1'mm EDTA, 1% BSA at 50°C followed by washing in 0.1X SSC, 0.1%
SDS at 50°C; in yet another example, a probe and target sequence hybridize in
7% SDS, 0.5 M NaPQy4, 1 mm EDTA, 1% BSA at 50°C followed by washing in
0.1X SSC, 0.1% SDS at 65°C. In some embodiments, hybridization conditions
comprise hybridization in a roller tube for at least 12 hours at 42°C. In each of
the above conditions, the sodium phosphate hybridization buffer can be
replaced by a hybridization buffer comprising 6X SSC (or 6X SSPE), 5X
Denhardt’s reagent, 0.56% SDS, and 100 g/ml carrier DNA, including 0-50%
formamide, with hybridization and wash temperatures chosen based upon the
desired stringency. Other hybridization and wash conditions are known to
those of skill in the art (see also Sambrook and Russell, 2001; Ausubel ef al.,
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2002; and Ausubel et al., 2003; each of which is incorporated herein in its
entirety). As is known in the art, the addition of formamide in the hybridization
solution reduces the Tr, by about 0.4°C. Thus, high stringency conditions
include the use of any of the above solutions and 0% formamide at 65°C, or
any of the above solutions plus 50% formamide at 42°C.

For some high-density glass-based microarray experiments,
hybridization at 65°C is too stringent for typical use, at least in part because the
presence of fluorescent labels destabilizes the nucleic acid duplexes (Randolph
& Waggoner, 1997). Alternatively, hybridization can be performed in a
formamide-based hybridization buffer as described in Piétu et al., 1996.

A microarray format can be selected for use based on its suitability for
electrochemical-enhanced hybridization. Provision of an electric current to the
microarray, or to one or more discrete positions on the microarray facilitates
localization of a target nucleic acid sample near probes immobilized on the
microarray surface. Concentration of target nucleic acid near arrayed probe
accelerates hybridization of a nucleic acid of the sample to a probe. Further,
electronic stringency control allows the removal of unbound and nonspecifically
bound DNA after hybridization. See U.S. Patent Nos. 6,017,696 to Heller and
6,245,508 to Heller and Sosnowski.

1.E.5.iii. Hybridization in Solution

In some embodiments of the presently disclosed subject matter, an
amplified and/or labeled nucleic acid sample is hybridized to one or more
probes in solution. Representative stringent hybridization conditions for
complementary nucleic acids having more than about 100 complementary
residues are overnight hybridization in 50% formamide with 1 mg of heparin at
42°C. An example of highly stringent wash conditions is 15 minutes in 0.1X
SSC, 5 M NaCl at 65°C. An example of stringent wash conditions is 15
minutes in 0.2X SSC buffer at 65°C (see Sambrook and Russell, 2001, for a
description of SSC buffer). A high stringency wash can be preceded by a low
stringency wash to remove background probe signal. An example of medium
stringency wash conditions for a duplex of more than about 100 nucleotides, is
15 minutes in 1X SSC at 45°C. An example of low stringency wash for a
duplex of more than about 100 nucleotides, is 15 minutes in 4-6X SSC at40°C.
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Stringent conditions can also be achieved with the addition of destabilizing
agents such as formamide.

For short probes (e.g., about 10 to 50 nucleotides), stringent conditions
typically involve salt concentrations of less than about 1M Na® ion, typically
about 0.01 M to 1 M Na” ion concentration (or other salts) at pH 7.0-8.3, and
the temperature is typically at least about 30°C.

Optionélly, nucleic acid duplexes or hybrids can be captured from the
solution for subsequent analysis, including detection assays. Forexample, ina
simple assay, a single pathogen-specific probe set is hybridized to an amplified
and labeled RNA sample derived from a target nucleic acid sample. Following
hybridization, an antibody that recognizes DNA:RNA hybrids is used to
precipitate the hybrids for subsequent analysis. The presence of the pathogen
is determined by detection of the label in the precipitate.

Alternate capture techniques can be used as will be understood to one
of skill in the art, for example, purification by a metal affinity column when using
probes comprising a histidine tag. As another example, the hybridized sample
can be hydrolyzéd by alkaline treatment wherein the double-stranded hybrids
are protected while non-hybridizing single-stranded template and excess probe
are hydrolyzed. The hybrids are then collected using any nucleic acid
purification technique for further analysis.

To assess the expression of multiple genes and/or samples from
multiple different sources simultaneously, probes or probe sets can be
distinguished by differential labeling of probes or probe sets. Alternatively,
probes or probe sets can be spatially separated in different hybridization
vessels.

In some embodiments, a probe or probe set having 'a unique label is
prepared for each gene or source to be detected. For example, a first probe or
probe set can be labeled with a first fluorescent label, and a second probe or
probe set can be labeled with a second fluorescent label. Multi-labeling
experiments should consider label characteristics and detection techniques to
optimize detection of each label. Representative first and second fluorescent

labels are Cy3 and Cy5 (Amersham Pharmacia Biotech of Piscataway, New
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Jersey, United States of America), which can be analyzed with good contrast
and minimal signal leakage.

A unique label for each probe or probe set can further comprise a
labeled microsphere to which a probe or probe set is attached. A
representative system is LabMAP (Luminex Corporation of Austin, Texas,
United States of America). Briefly, LabMAP (Laboratory Multiple Analyte
Profiling) technology involves performing molecular reactions, including
hybridization reactions, on the surface of color-coded microscopic beads called
microspheres. When used in accordance with the methods of the presently
disclosed subject matter, an individual pathogen-specific probe or probe set is
attached to beads having a single color-code such that they can be identified
throughout the assay. Successful hybridization is measured using a detectable
label of the amplified nucleic acid sample, wherein the detectable label can be
distinguished from each color-code used to identify individual microspheres.
Following hybridization of the randomly amplified, labeled nucleic acid sample
with a set df microspheres comprising pathogen-specific probe sets, the
hybridization mixture is analyzed to detect the signal of the color-code as well
as the label of a sample nucleic acid bound to the microsphere. See Vignali
2000; Smith et al., 1998; and PCT International Patent Application Publication
Nos. WO 01/13120; WO 01/14589; WO 99/19515; WO 99/32660; and WO
97/14028.

IL.E.6. Detection

Methods for detecting hybridization are typically selected according to

the label empioyed.

In the case of a radioactive label (e.g., 3‘ZP—dNTP) detection can be
accomplished by autoradiography or by using a phosphorimager as is known to
one of skill in the art. In some embodiments, a detection method can be
automated and is adapted for simultaneous detection of numerous samples.

Common research equipment has been developed to perform high-
throughput fluorescence detecting, including instruments from GSI Lumonics
(Watertown, Massachusetts, United States of America), Amersham Pharmacia
Biotech/Molecular Dynamics (Sunnyvale, California, United States of America),

Applied Precision Inc. (Issauah, Washington, United States of America),
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Genomic Solutions Inc. (Ann Arbor, Michigan, United States of America),
Genetic MicroSystems Inc. (Woburn, Massachusetts, United States of
America), Axon (Foster City, California, United States of America), Hewlett
Packard (Palo Alto, California, United States of America), and Virtek (Woburn,
Massachusetts, United States of America). Most of the commercial systems
use some form of scanning technology with photomultiplier tube detection.
Criteria for consideration when analyzing fluorescent samples are summarized
by Alexay et al., 1996.

In some embodiments, a nucleic acid sample or probe is labeled with far
infrared, near infrared, or infrared fluorescent dyes. Following hybridization, the
mixture of nucleic acids and probes is scanned photoelectrically with a laser
diode and a" sensor, wherein the laser scans with scanning light at a
wavelength within the absorbance spectrum of the quorescenf; label, and light is
sensed at the emission wavelength of the label. See U.S. Patent Nos.
6,086,737 to Patonay et al.; 5,571,388 to Patonay et al; 5,346,603 to
Middendorf & Brumbaugh; 5,534,125 to Middendorf et al.; 5,360,523 to
Middendorf et al.; 5,230,781 to Middendorf & Patonay; 5,207,880 to Middendorf
& Brumbéuqh; and 4,729,947 to Middendorf & Brumbaugh. An ODYSSEY™

infrared imaging system (Li-Cor, Inc. of Lincoln, Nebraska, United States of

America) can be used for data collection and analysis.

If an epitope label has been used, a protein or compound that binds the
epitope can be used to detect the epitope. For example, an enzyme-linked
protein can be subsequently detected by development of a colorimetric or
luminescent reaction product that is measurable using a spectrophotometer or
luminometer, respectively.

In some embodiments, INVADER® technology (Third Wave
Technologies of Madison, Wisconsin, United States of America) is used to
detect target nucleic acid/probe complexes. Briefly, a nucleic acid cleavage
site (such as that recognized by a variety of enzymes having 5' nuclease
activity) is created on a target sequence, and the target sequence is cleaved in
a site-specific manner, thereby indicating the presence of specific nucleic acid
sequences or specific variations thereof. See U.S. Patent Nos. 5,846,717 to
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Brow ef al.; 5,985,557 to Prudent ef al.; 5,994,069 to Hall et al.; 6,001,567 to
Brow et al.; and 6,090,543 to Prudent et al..

In some embodiments, target nucleic acid/probe complexes are detected

using an amplifying molecule, for example a poly-dA oligonucleotide as
described by Lisle et al., 2001. Briefly, a tethered probe is employed against a
target nucleic acid having a complementary nucleotide sequence. A target
nucleic acid having a poly-dT sequence, which can be added to any nucleic
acid sequence using methods known to one of skill in the art, hybridizes with an
amplifying molecule comprising a poly-dA oligonucleotide. Short oligo-d T4
signaling moieties are labeled with any suitable label (e.g., fluorescent,
chemiluminescent, radioisotopic labels). The short oligo-dT4 signaling
moieties are subsequently hybridized along the molecule, and the label is
detected.

The presently disclosed subject matter also envisions use of
electrochemical technology for detecting a nucleic acid hybrid according to the
disclosed method. In this case, the detection method relies on the inherent
properties of DNA, and thus a detectable label on the target sample or the
probe/probe set is not required. In some embodiments, probe-coupled
electrodes are multiplexed to simultaneously detect multiple genes using any
suitable microarray or multiplexed liquid hybridization format. To enable
detection, gene-specific and control probes are synthesized with substitution of
the non-physiological nucleic acid base inosine for guanine, and subsequently
coupled to an electrode. Following hybridization of a nucleic acid sample with
probe-coupled electrodes, a soluble redox-active mediator (e.g., ruthenium 2,2'-
bipyridine) is added, and a potential is applied to the sample. In the absence of
guanine, each mediator is oxidized only once. However, when a guanine-
containing nucleic acid is present, by virtue of hybridization of a sample nucleic
acid molecule to the probe, a catalytic cycle is created that results in the
oxidation of guanine and a measurable current enhancement. See U.S. Patent
Nos. 6,127,1.27 to Eckhardt ef al.; 5,968,745 to Thorp et al.; and 5,871,918 to

Thorp et al..
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Surface plasmon resonance spectroscopy can also be used to detect
hybridization. See e.g., Heaton et al., 2001; Nelson et al., 2001; and Guedon
et al., 2000.

I.LE.7. Data Analysis

Databases and software designed for use with use with microarrays is

discussed in U.S. Patent No. 6,229,911 to Balaban & Aggarwal, a computer-

implemented method for managing information, stored as indexed tables,
collected from small or large numbers of microarrays, and U.S. Patent No.

6,185,561 to Balaban & Khurgin, a computer-based method with data mining

capability for collecting gene expression level data, adding additional attributes
and reformatting the data to produce answers to various queries. U.S. Patent
No. 5,974,164 to Chee, disclose a software-based method for identifying
mutations in a nucleic acid sequence based on differences in probe
fluorescence intensities between wild type and mutant sequences that
hybridize to reference sequences.

Analysis of microarray data can also be performed using the method
disclosed in Tusher et al., 2001, which describes the Significance Analysis of
Microarrays (SAM) method for determining significant differences in gene
expression among two or more samples.

Il.F. Profiles

Once an expression level is determined for a gene, a profile can be

created. As used herein, the term “profile” (e.g., a “gene expression profile”)
refers to a repository of the expression level data that can be used to compare
the expression levels of different genes among various subjects. Forexample,
for a given subject, the term “profile” can encompass the expression levels of
all genes detected in whatever units (as described herein above) are chosen.

The term “profile” is also intended to encompass manipulations of the
expression level data derived from a subject. For example, once relative
expression levels are determined for a given set of genes in a subject, the
relative expression levels for that subject can be compared to a standard to
determine if the expression levels in that subject are higher or lower than for
the same genes in the standard. Standards can include any data deemed to

be relevant for comparison.
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In some embodiments, a standard is prepared by determining the
average expression level of a gene in a normal population, a normal population
being defined as subjects that do not have connective tissue disease and/or
injury. In some embodiments, a standard is prepared by determining the
average expression level of a gene in a population of subjects that do have a
connective tissue disease and/or injury. In some embodiments, a standard is
prepared by determining the average expression level of a gene in the
population as a whole (i.e. subjects are grouped together irrespective of
connective tissue disease and/or injury status). In some embodiments, a
standard is prepared by determining the average expression level of a gene in
a normal population, the average expression level of a gene in an population of
subjects with connective tissue disease and/or injury, adding those two values,
and dividing the sum by two to determine the midpoint of the average
expression in these populations. In this latter embodiment, a profile for a “new”
subject can be compared to the standard, and the profile can further comprise
data indicating whether for each gene, the expression level in the new subject
is higher or lower than the expression level of that gene in the standard.

For example, a new subject’s profile can comprise a score of “1” for
each gene for which the expression in the subject is higher than in the
standard, and a score of “0” for each gene for which the expression in the
subject is lower than in the standard. In this way, a profile can comprise an
overall “score”, the score being defined as the sum total of all the ones and
zeroes present in the profile. These scores can then be used to in the methods
disclosed herein to diagnose, detect the progression of, and/or monitor a
treatment in the new subject. It is understood that the use of 1s and Os is
exemplary oniy, and any convenient value can be assigned in the practice of
the methods of the presently claimed subject matter.

. Kits

The presently disclosed subject matter further includes kits comprising,
in different combinations, high-density oligonucleotide arrays and reagents for
use with the arrays. The kits can be used, for example, to predict or model the

toxic response of a test compound, to monitor the progression of disease
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states, to identify genes that show promise as new drug targets, and to screen
known and newly designed drugs as potential therapeutics.

In some embodiments, a kit comprises a plurality of reagents that can be
used to detect expression levels for one or more (e.g., 1, 2, 3, 4, 5, 6,7,8,9,
10, 15, 20, 25, 50, or more) of genes disclosed herein, such as in Tables 1-4.
For example, a kit comprises a plurality of reagents that can be used to detect
expression levels for in some embodiments at least five and in some
embodiments at least 10 of genes disclosed herein, such as in Tables 1-4. In
some embodiments, the plurality of reagents comprise one or more (e.g., 1, 5,
10, or more) oligonucleotide pairs, each pair of which can be employed to
specifically amplify one of the genes listed herein, such as in Tables 1-4. In
some embodiments, a kit comprises an array comprising one or more
oligonucleotides attached thereto that specifically binds to a gene product (e.g.,
an RNA or a éDNA derived therefrom) from one or more of the genes listed
herein, such as in Tables 1-4. In some embodiments, the solid support
comprises one or more oligonucleotides that specifically binds to a product of a
control gene and/or the kit comprises at least one oligonucleotide pair that can
be employed to specifically amplify a product from a control gene, wherein the
phrase “control gene” refers to a gene the expression of which is known or
suspected of not being differentially expressed in the samples being analyzed.
Representative éontrol genes include the so-called “housekeeping genes’, a
listing of which is disclosed in Su et al., 2003 (19 Trends in Genetics 362-365),
incorporated herein by reference in its entirety.

The kits can be employed in the pharmaceutical industry, where the
need for early drug testing is strong due to the high costs associated with drug
development, but where bioinformatics, in particular gene expression
informatics related to tendon cells, is still lacking. These kits will reduce the
costs, time and risks associated with traditional new drug screening using cell
cultures and laboratory animals. The results of large-scale drug screening of
pre-grouped patient populations, pharmacogenomics testing, can also be
applied to select drugs with greater efficacy and fewer side-effects. The kits

can also be used by smaller biotechnology companies and research institutes
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that do not have the facilites for performing such large-scale testing
themselves.
EXAMPLES

The following Examples have been included to illustrate modes of the
presently disclosed subject matter. In light of the present disclosure and the
general level of skill in the art, those of skill will appreciate that the following
Examples aré intended to be exemplary only and that numerous changes,
modifications, and alterations can be employed without departing from the
scope of the presently disclosed subject matter.

General Materials and Methods for EXAMPLES 1-4
Production and Labeling of cDNA. RNA was purified using Qiagen

columns (Qiagen Inc., Valencia, California, United States of America). RNA
was eluted with water and stored in ethanol at -80°C. Samples were
reconstituted in water and the quality of the RNA checked by separation in an
acrylamide gel with a ratio comparison of 18 to 28S rRNA bands (acceptable
RNA preparations had a 28S:18S intensity ratio of at least about 2:1).

RNA was then prepared for a reverse transcriptase reaction using
random hexamers to prepare cDNAs. A first sample of RNAs from one tissue
or cell type was reverse transcribed into cDNAs using dCTP labeled with
Cyanine 3 (a green dye fluorophore; Cy3) as the control dye while a second
sample of RNAs from a second tissue or cell type was reverse transcribed
using dCTP labeled with cyanine 5 (a red dye fluorophore; Cy5).

Hybridization of Samples to Microarrays. cDNAs from the first sample or

the second sample were pooled in equal proportions then hybridized with
arrayed DNA sequences. Arrays that were employed were the Agilent Whole
Mouse Genome Oligo Microarray Kit (Product No. G4122A: Agilent
Technologies, Inc., Palo Alto, California, United States of America) for mouse
cells and tissues, and a microarray produced by the University of North
Carolina at Chapel Hil's Microarray Database Facility. ARRAYASSIST®
software (available from Stratagene, La Jolla, California, United States of
America) was used for expression analysis. The hybridizations and washes
were performed according to the procedures disclosed in the Agilent
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Technologies, Inc. “Two-Color Microarray Based Gene Expression Analysis”
Manual.

Hybridized arrays were then imaged and fluorescence quantitation was
made for each dye and each spot according to the Agilent Technologies, Inc.
“Two-Color Microarray Based Gene Expression Analysis” Manual. The ratio of
fluorescence intensities for red and green for each spot was proportional to the
relative abundance of each cDNA in the target specimens.

Statistical Analysis. The Significance Analysis of Microarrays (SAM)

method of Tusher et al.,, 2001 was employed for determining significant
differences in gene expression among two or more samples.
EXAMPLE 1

Comparisons of the Tendon and Muscle Transcriptomes

Gastrocnemious muscle and Achilles tendon tissues were collected at
their anatomic midpoints with separate sterile instruments and pooled from 6
wild type (wt) mice (E129 genetic background) weighing 26 g and immediately
frozen in liquid N,. Tissues were thawed and mechanically homogenized in
TRIZOL® (Invitrogen Corporation, Carlsbad, California, United States of
America). Nucleic acids were extracted, precipitated, and the samples
subjected to DNase treatment. RNA was purified using Qiagen columns
(Qiagen Inc., Valencia, California, United States of America).

RNA was isolated and reverse transcribed as described above in
General Materials and Methods. Mouse Achilles tendon (AT) RNAs were

reverse franscribed into cDNAs labeled with Cyanine 3 (a green dye

fluorophore; Cy3) as the control dye while gastrocnemius muscle (GM) RNAs
were labeled with cyanine 5 (a red dye fluorophore; Cy5). cDNAs from AT or
GM were poqled in equal proportions then hybridized with arrayed DNA
sequences using the Agilent chip. Hybridized arrays were then imaged and
fluorescence quantitation was made for each dye and each spot.
Approximately 41,000 genes were assessed with the Agilent Whole
Mouse Genome Oligo Microarray Kit (Product No. G4122A; Agilent
Technologies, Inc., Palo Alto, California, United States of America) comparing
tendon and muscle expression levels that were graded as positive. The data

presented in Table 1 show the genes expressed for which at least a 4-fold

-53.-



10

15

WO 2006/089268 PCT/US2006/005948

difference in expression level was observed between tendon and muscle. For
instance, given a minimum of a 4-fold difference in gene expression as a
baseline to determine differences, about 100 genes were expressed more in
tendon than muscle, nineteen at 8 fold, and seven at 16 fold. ARRAYASSIST®
software (available from Stratagene, La Jolla, California, United States of
America) was used for expression analysis. Of these seven genes that had an
expression level that differed at least 16 fold between tendon and muscle, five
of had names attributed to them by the microarray manufacturer.
Surprisingly, genes that were most highly expressed in tendon compared
to muscle were loricrin and other keratins. Other highly expressed genes
included a several procollagens, fibronectin 1, secreted. phosphoprotein 1
(Spp1), several cartilage-related genes (e.g., cartilage intermediate layer
protein 2 (Cilp2) and cartilage oligomeric matrix protein (Comp)), and

proteoglycan 4, among others.
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® The data in the columns entitled “Experiment A”, “Experiment B”,
“Experiment C”, “Mean”, and “STDEV” are presented in the form of a fold
increase in gastrocnemius muscle versus Achilles tendon. The values are
expressed as the logz[fold increase]. By way of example, the first entryin Table
1A corresponds to “Cell death-inducing DNA fragmentation factor, alpha
subunit-like effector A Cidea NM_007702”, and has a mean of 2.3853. Thus,
this gene has expressed 2*%*® (j.e., about 5.22) fold higher in gastrocnemius
muscle than in Achilles tendon. In Table 1B, the means have negative values
to indicate that these genes are overexpressed in Achilles tendon versus
gastrocnemius nuscle (i.e., underexpressed in gastrocnemius muscle Versus
Achilles tendon). Therefore, Proteoglycan 4 (megakaryocyte stimulating factor,
articular superficial zone protein) Prg4 XM_355243 is expressed at a level that
is 2°4" (about 44.1) fold higher in Achilles tendon than in gastrocnemius
muscle.

®The descriptions that appear in the column headed by “NAME” include
one or more of a gene description, a gene name, and one or more database
accession numbers. All accession numbers are for the GENBANK® database
unless otherwise indicated. Thus, the entry “Cell death-inducing DNA
fragmentation factor, alpha subunit-like effector A Cidea NM_007702", the
gene name is “Cidea’, which is “cell death-inducing DNA fragmentation factor,
alpha subunit-like effector A”, and corresponds to GENBANK® Accession No.
NM_007702. ‘

EXAMPLE 2
Gene Expression Analysis of Wild Type Mouse Tendon versus
P2Y, Knock Out Mouse Tendon

Mice homozygous for a targeted disruption of the purinergic P2Y>

receptor (P2Y2-R) have been described (see Cressman et al., 1999). Achilles

tendons were isolated from mice homozygous for the P2Y,-R knockout and
wild type mice as outlined in EXAMPLE 1. RNA was then prepared for a
reverse transcriptase reaction using random hexamers to prepare cDNAs. Wild
type mouse Achilles tendon (AT) RNAs were reverse transcribed into cDNAs
labeled with Cyanine 3 (a green dye fluorophore; Cy3) as the control dye while
P2Y>-R knockout (P2Y, KO) tendon RNAs were labeled with cyanine 5 (a red
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dye fluorophore; Cy5). cDNAs from AT or P2Y,; KO were pooled in equal
proportions then hybridized with arrayed DNA sequences using the Agilent
mouse microarray chip. Hybridized arrays were then imaged and fluorescence
quantitation was made for each dye and each spot. The ratio of fluorescence
intensities for red and green for each spot was proportional to the relative
abundance of each cDNA in the target specimens. Genes that showed at least
a 4 fold difference between WT and P2Y, KO tendon are presented in Table 2.
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EXAMPLE 3
Gene Expression Analysis of Wild Type Mouse Tendon versus
P2Y./P2Y, Double Knock Qut Mouse Tendon
Mice homozygous for a targeted disruption of the purinergic P2Y;

receptor (P2Y4-R) have been described (see Leon et al, 1999). Mice
homozygous for the P2Y;-R knockout (P2Y;-R) were bred to homozygous
P2Y,-R KO'mice, and mice homozygous for both the P2Y;-R disruption and the
P2Y,-R disruption were identified (referred to herein as “double knockout” or
DKO mice). DKO mice appeared to have defects in tendon development, as
the tail tendon fascicle of the DKO mice was both wider (17.1 microns vs. 14.3
microns in wild type mice) and had a wavy appearance (whereas the tail tendon
fascicle of the wild type mice was straight).

Achilles tendons were isolated from wild type mice and DKO mice as
outlined in EXAMPLE 1. RNA was isolated and cDNAs prepared, with wild type
mouse Achilles tendon (AT) RNAs reverse transcribed into cDNAs labeled with
Cyanine 3 (a green dye fluorophore; Cy3) and DKO mouse tendon RNAs
(DKO) labeled with cyanine 5 (a red dye fluorophore; Cy5). cDNAs from AT or
DKO were pooled in equal proportions and hybridized to the Agilent mouse
microarray chip. Hybridized arrays were imaged and fluorescence quantitated
for each dye and each spot.

Genes fhat showed at least a 2 fold difference between wild type and
DKO tendon are presented in Table 3. Seven genes, keratin associated
protein 16-10 (Krtap16-10; GENBANK® Accession No. NM_183296), loricrin
(Lor; GENBANK® Accession No. NM_008508), keratin associated protein 6-1
(Krtap6-1; GENBANK® Accession No. NM_010672), keratin complex 2, basic,
gene 5 (Krt2—5; GENBANK® Accession No. NM_027011), keratin associated
protein 6-3 (Krtap6-3; GENBANK® Accession No. NM_130866), keratin
complex-1, acidic, gene C29 (Krt1-c29; GENBANK® Accession No.
NM_010666), and annexin A8 (Anxa8; GENBANK® Accession No.
NM_013473) that were upregulated in tendon versus muscle were also

upregulated in DKO tendon.
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EXAMPLE 4

Gene Expression Analysis of Human Tenocytes with and without

Exposure to Interleukin 18

Human tendon epitenon cells from the flexor digitorum profundus (FDP)
were collected from surgical specimens and were maintained in Medium 199
(GIBCO®, Invitrogen Corp., Carlsbad, California, United States of America)
containing 10% fetal bovine serum (FBS; HyClone, Logan, Utah, United States
of America), 20 mM Hepes (pH 7.2; GIBCO®), 1% penicillin/streptomycin
solution (GIBCO®). Cells were allowed to attach and spread for 24 hours
before addition of 100 pM recombinant human IL-1B (rhIL-18). The serum
concentration was reduced from 10% to 2% upon addition of rhIL-1B. Culture
medium was changed daily. Cells at passage 3 were treated with 100 pM IL-1 B
for 6 hours, and untreated cells after an equivalent time in culture were used as
controls.

For the human tenocytes treated with or without IL-18, about 3600
genes out of 20k were changed at least about 2 fold, 1000 genes were
changed at least about 4 fold, 275 genes were changed at least about 8 fold,
80 genes were changed at least about 16 fold, 22 genes were changed at least
about 32 fold, and 3 genes were changed at least about 64 fold. Expression
level differences of some of the MMPs were among the most dramatic changes
observed. HoWever, the alteration of mucin gene expression by IL-18 was one
of several unexpected findings.
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2 The data presented in the column entitled “+1L-1B vs. Control” are
presented in the form of a fold increase in IL-1B-treated cells versus control
cells (i.e., no IL-1B treatment). The values are expressed as the logy[fold
increase] as before. In Table 4B, the means have negative values to indicate
that these genes are downregulated by IL-18 treatment.

®The descriptions that appear in the column headed by “NAME” include
one or more of a gene name, a gene description, and one or more database
accession numbers. All accession numbers are for the GENBANK® database
unless otherwise indicated.

EXAMPLE 5

Gene Expression Analysis of Achilles Tendon Versus Other Tendons

Achilles tendon, flexor tendon, and tail tendon tissues were collected
wild type mice and RNA was isolated and reverse transcribed as described
above in General Materials and Methods. Mouse Achilles tendon (AT) RNAs

were reverse transcribed into cDNAs labeled with Cyanine 3 (a green dye
fluorophore; Cy3) while flexor tendon or tial tendon RNAs were labeled with
cyanine 5 (a red dye fluorophore; Cy5). cDNAs from AT, flexor tendon, or tail
tendon were pooled in equal proportions then hybridized with arrayed DNA
sequences using the Agilent chip, with AT being compared to flexor tendon in
one experiment, and with tail tendon in another. Hybridized arrays were then
imaged and fluorescence quantitation was made for each dye.and each spot.

Genes that were expressed at an at least 2 fold higher level in AT versus
flexor tendon included loricrin (Lor; GENBANK® Accession No. NM_0085087),
keratin complex 2, basic, gene 17 (Krt-17; GENBANK® Accession No.
NM_010668), small prolinerich-like 3 (Sprrl3; GENBANK® Accession No.
NM_025984); keratin complex 1, acidic, gene 10 (Krt1-10; GENBANK®
Accession No. NM_010660), lymphocyte antigen 6 complex, locus D (Ly6d;
GENBANK® Accession No. NM_010742), filaggrin (Flg; GENBANK®
Accession No. AF510860), RIKEN cDNA2200001115 gene (2200001115 Rik;
GENBANK® Accession No. NM_026394), myosin, heavy polypeptide 6,
cardiac muscle, alpha (Myh6; GENBANK® Accession No. NM_010856), similar
to keratinocyteprolin-rich protein (AA589586; GENBANK® Accession No.
AK003253), and adipsin (And; GENBANK® Accession No. NM_013459).
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Genes that were expressed at an at least 2 fold higher level in AT versus tail
tendon included filaggrin (Fig; GENBANK® Accession No. AF510860), loricrin
(Lor; GENBANK® Accession No. NM_0085087), calmodulin 4 (Calm4;
GENBANK® Accession No. NM_020036); hornerin (GENBANK® Accession
No. AY027660), similar to keratinocytesproline-rich protein (LOC433619;
GENBANK® Accession Nos. XM _904796 and XM_485267), lymphocyte
antigen 6 complex, locus D (Ly6D: GENBANK® Accession No. NM_010742),
paired like homeodomain transcription factor 1 (Pitx1; GENBANK® Accession
No. NM_011097), keratin complex 1, acidic, gene 10 (Krt1-10; ‘GENBANK®
Accession No. NM_010660), small prolinerich-like 2 (Sprri2; ‘GENBANK®
Accession No. NM_028625), small prolinerich-like 10 (Sprri10; GENBANK®
Accession No. AK004318), small prolinerich-like 7 (Sprrl7; GENBANK®
Accession No. NM_027137), and serine protease inhibitof, Kazal type 5
(Spink5; GENBANK® Accession No. XM_283487).
Discussion of EXAMPLES 1-5

Disclosed herein are the first results of gene array experiments revealing

comparisons of differential gene expression in tendon versus a nearest
neighbor tissue (muscle), to a treatment with a cytokine thought to be involved
in tendon pathology (IL-1B), and to tendon cells in different genetic
environments (P2Y2 knockout and P2Y/P2Y, double knockout mice).
Inspection of the entire gene list for lower fold changes in expression show
other candidate genes such as tenomodulin, thought to be a marker for tendon,
and titin, thought to be a marker for muscle, that were expressed to an even
greater degree in tendon.
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CLAIMS
What is claimed is:

1. A method for detecting connective tissue-specific gene
expression in a sample, the method comprising detecting a level of expression
in a sample of at least one gene for which expression is connective tissue-
specific.

2. The method of claim 1, wherein the connective tissue is selected
from the group consisting of muscle and tendon.

3. The method of claim 2, wherein the connective tissue is tendon.

4. The method of claim 1, wherein the at least one gene is selected
from the group consisting of those genes listed in Tables 1-4.

5. The method of claim 1, wherein the detecting comprising
hybridizing a nucleic acid isolated from the sample to an array comprising the
at least one gene.

6. A method for diagnosing a disease of or an injury to a connective
tissue in a mammalian subject, the method comprising detecting a level of
expression in a biological sample of at least one gene for which an expression
level is indicative of disease or injury in a connective tissue.

7. The method of claim 6, wherein the connective tissue is selected
from the group consisting of muscle and tendon.

8. The method of claim 7, wherein the connective tissue is tendon.

9. The method of claim 6, wherein the at least one gene is selected
from the group consisting of those genes listed in Tables 1-4.

10. The method of claim 9, wherein differential expression of at least
one of the genes listed in Tables 1-4 is indicative of a disease or injury to a
tendon.

11. The method of claim 6, wherein the detecting comprising
hybridizing a nucleic acid isolated from a sample isolated from the mammalian
subject to an array comprising the at least one gene.

12. A method for detecting the progression of a disease of or an
injury to a connective tissue in a mammalian subject, the method comprising

detecting a level of expression in a biological sample of at least one gene for
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which an expréssion level is indicative of progression of a disease or injuryina
connective tissue.

13.  The method of claim 12, wherein the connective tissue is selected
from the group consisting of muscle and tendon.

14.  The method of claim 13, wherein the connective tissue is tendon.

15.  The method of claim 12, wherein the at least one gene is selected
from the group consisting of those genes listed in Tables 1-4.

16.  The method of claim 15, wherein differential expression of at least
one of the genes listed in Tables 1-4 is indicative of progression of a disease of
or an injury to a tendon.

17. The method of claim 12, wherein the detecting comprising
hybridizing a nucleic acid isolated from a sample isolated from the mammalian
subject to ‘an array comprising the at least one gene.

18. A method for monitoring the treatment of a mammalian subject
with a disease of or an injury to a connective tissue, the method comprising:

a) providing a treatment to the subject;

b) detecting a level of expression of at least one gene from a cell or

biological sample from the subject; and

C) comparing the level of expression detected in step (b) to a level

of expression from a cell population comprising normal
connective tissue cells, to a level of expression from a cell
population comprising diseased or injured connective tissue, or
both.

19.  The method of claim 18, wherein the connective tissue is selected
from the group consisting of muscle and tendon.

20. The method of claim 19, wherein the connective tissue is tendon.

21.  The method of claim 18, wherein the at least one gene is selected
from the group consisting of those genes listed in Tables 1-4.

22. The method of claim 21, wherein differential expression of at least
one of the genes listed in Tables 1-4 is indicative of an effect of the treatment
provided on a disease of or an injury to a tendon.
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23. The method of claim 18, wherein the detecting comprising
hybridizing a nucleic acid isolated from a sample isolated from the mammalian
subject to an array comprising the at least one gene.

24.  Akit for detecting expression of a gene differentially expressed in
a connective tissue, the kit comprising a plurality of reagents that can be used
to detect expression levels for at least one gene for which expression is
connective tissue-specific.

25.  Thekit of claim 24, wherein the at least one gene is selected from
the group consisting of those genes listed in Tables 1-4.

26.  The kit of claim 24, wherein the plurality of reagents comprise at
least one oligonucleotide pair that can be used to specifically amplify the at
least one gene for which expression is connective tissue-specific.

27.  Thekit of claim 26, wherein the at least one gene is selected from
the group consisting of those genes listed in Tables 1-4.

28.  The kit of claim 24, further comprising one or more solid supports
comprising one or more oligonucleotides attached thereto that specifically bind
to at least one of the genes listed in Tables 1-4.

29. The kit of claim 28, wherein the one or more solid supports

comprise an array, a microarray, or combinations thereof.
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