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DIAGNOSTIC MICROARRAY, SYSTEM AND METHOD

RELATED APPLICATIONS
This Application claims the benefit under 35 U.S.C. 119(e) of U.S. provisional
application USSN 62/157,284, filed May 5, 2015, entitled “DIAGNOSTIC MICROARRAY,
SYSTEM AND METHOD,” the entire contents of which are incorporated by reference herein.

BACKGROUND

Biomarkers are measurable indicators for the presence and/or severity of a particular
disease state. Examples of biomarkers include proteins (e.g., cellular antigens or
autoantibodies), expression levels of genes associated with disease (e.g., tumor suppressor
genes) and the presence of single nucleotide polymorphisms (SNPs) in the genome of a subject.
Biomarkers may be used to diagnose a patient with a particular disease or to predict the response
of a patient to specific therapeutic regimens. However, currently used biomarkers are often
indirect or non-specific markers of disease, which limits their usefulness. For example, a single
gene or gene product used as a biomarker may be dysregulated or differentially expressed in
several disease states with unrelated pathophysiologies, such that a single biomarker may not

provide meaningful information about the patient’s disease.

SUMMARY

Provided herein are compositions and methods related to biomarker assays that directly
correlate to the etiopathological mechanisms of the disease they identify. Accordingly, in some
aspects, the disclosure provides a diagnostic array, comprising a substrate with a surface having
a plurality of locations, wherein each of the plurality of locations includes at least one
oligonucleotide attached to the substrate at a predetermined location, each location of the
plurality of locations includes at least one material targeting an interferon-regulated gene (IRG),
and the material at the plurality of locations target at least 100 interferon-regulated genes.

In some embodiments, the surface comprises between 1 material and between 5 materials
that target a non-IRG. In some embodiments, the surface does not comprise material targeting
non-IRGs. In some embodiments, the at least one material is an oligonucleotide. In some
embodiments, the surface comprises at least 200, at least 300, at least 400, at least 500, at least
750, at least 1000, or at least 1500 oligonucleotides, wherein each oligonucleotide targets a

different interferon-responsive gene (IRG). In some embodiments, the IRGs are type-I
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interferon responsive genes. In some embodiments, the IRGs are type-II interferon responsive
genes. In some embodiments, the IRGs are type-I and type-II interferon responsive genes. In
some embodiments, the at least one oligonucleotide targets a gene selected from the Interferome
Database. In some embodiments, each of the at least one oligonucleotides is the same length. In
some embodiments, at least two oligonucleotides are not the same length. In some
embodiments, at least one oligonucleotide is a plurality of oligonucleotides, wherein each
oligonucleotide is the same length.

In some embodiments, each location occupies a space of less than 1 cm” on the substrate.
In some embodiments, each location occupies a space of less than 1 pmz on the substrate. In
some embodiments, the substrate is glass. In some embodiments, the substrate is plastic. In
some embodiments, the substrate is used for identifying interferon signature in a sample
obtained from a subject having or suspected of having a disease.

In some aspects, the disclosure relates to a method for identifying an interferon signature,
the method comprising: contacting a substrate as described by the disclosure with a sample
having nucleic acids obtained from at least one cell; determining the gene expression profile of
the sample by detecting hybridization of the nucleic acids to the substrate, wherein the gene
expression profile identifies the expression level of a plurality of interferon-related genes (IRGs)
relative to the expression level of a plurality of IRGs in a healthy control cell (e.g., a sample
having nucleic acids obtained from a healthy control cell); and, assigning an interferon signature
to the sample based upon the gene expression profile of the sample.

In some embodiments, the cell is cell obtained from a subject having or suspected of
having a pathological condition. In some embodiments, the pathological condition is an
interferon-related disease. In some embodiments of the method, the IRGs are type-I IRGs. In
some embodiments, the IRGs are type-II IRGs. In some embodiments the IRGs comprise a
combination of type-I and type-II IRGs. In some embodiments, the cell is derived from blood,
or a tissue biopsy. In some embodiments of the method, the nucleic acid is DNA.

In some embodiments, the plurality of IRGs comprises at least 200, at least 300, at least
400, at least 500, at least 750, at Ieast 1000, or at least 1500 IRGs. In some embodiments, the
interferon signature identifies IRGs having upregulated expression levels relative to healthy
control cells. In some embodiments, the interferon signature identifies IRGs having down

regulated expression levels relative to healthy control cells.
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In some embodiments, the method further comprises comparing the interferon signature
to a database, wherein the database comprises known interferon signatures associated with
molecular events. In some embodiments, the method further comprises assigning a molecular
event to the interferon signature that is identified if the interferon signature matches an
interferon signature in the database.

In some aspects, the disclosure provides a method for identifying an interferon signature,
the method comprising: determining the gene expression profile of a sample having nucleic
acids obtained from at least one cell, wherein the gene expression profile identifies the
expression level of a plurality of interferon-related genes (IRGs) in the sample relative to the
expression level of a plurality of IRGs in a healthy control cell; and, assigning an interferon
signature to the sample based upon the gene expression profile of the sample.

In some embodiments, the gene expression profile is determined by detecting
hybridization of the nucleic acids of the sample to a plurality of IRG-detecting materials in a
solution (e.g., where the IRG-detecting materials are not attached to a substrate). In some
embodiments, the IRG-detecting materials are nucleic acid (e.g., oligonucleotide) probes. In
some embodiments, each IRG-detecting material of the plurality hybridizes to a type-I IRG. In
some embodiments, the gene expression profile is determined by nucleic acid sequencing (e.g.,
DNA sequencing or RNA sequencing) or protein sequencing. In some embodiments, method
further comprises analyzing the sequencing data by gene set enrichment analysis (GSEA).

In some aspects, the disclosure provides a method for determining a personalized
therapeutic regimen for a subject, the method comprising obtaining a sample from a subject;
determining an interferon signature of the sample; with at least one processor, comparing the
interferon signature of the sample to a database of known interferon signatures, wherein each
interferon signature of the database is associated with a molecular event; assigning the interferon
signature of the sample to a molecular event, wherein the assignment is made by matching the
interferon signature of the sample to an interferon signature of the database; and, prescribing a
therapeutic regimen based upon the molecular event assigned to the interferon signature of the
sample. In some embodiments, the interferon signature of the sample is determined by a method
for identifying an interferon signature as described by the disclosure.

In some embodiments, the database comprises only type-I interferon signatures. In some
embodiments, the database comprises only type-II interferon signatures. In some embodiments,

the database comprises both type-I and type II interferon signatures. In some embodiments, the
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database comprises at least 200, at least 500, at least 1000, or at least 1500 interferon signatures.
In some embodiments, the database comprises at least 10, at least 20, at least 50, at least 100, at
least 200, at least 500, at least 1000, at least 5000, at least 10000, at least 20000, or up to about
30000 molecular events.

In some embodiments, the therapeutic regimen comprises administering a molecule that
modulates the molecular event assigned to the interferon signature of the sample to the subject.
In some embodiments, the subject is a human.

In some aspects, the disclosure provides a system for identifying interferon signature in a
sample, including: a substrate as described by the disclosure; a microarray scanner; a computer;
and a database containing interferon signatures and associated diseases.

In some embodiments, the system further comprises a second database containing a
plurality of diseases and associated therapeutic regimen for each disease. In some embodiments,
the system comprises a third database containing interferon signatures and associated molecular
events. In some embodiments, the database, second database and/or third database are
electronically connected.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 shows a scheme depicting the interactive roles of Interferon, Trim and Socs
molecules regulating the innate response in SjS-susceptible C57BL/6.NOD-AeclAec2 mice.
Signal transductions following activation of the Ifna/p receptor involves the Jak/Tyk-Stat1/Stat2
pathway. Irf9 acts as a transcription factor that is involved in the activation of Trim molecules,
many of which are E3-like ubiquinating molecules known to interact at multiple points of viral
infections, thus functioning as anti-microbial factors. Two major regulators of the Infaf
signaling pathway that help define the IFN-signature are Socs1 and Socs3 molecules that
interfere with the activation loop of Jak kinase, thereby preventing phosphorylation of Stat
molecules. Trim8, Piasl and Pias2, in turn, function as inhibitors of Socs1, promoting
continuation of Infaf-signaling. Similarly, Trim21 stabilizes the function of Irf3 through
blocking its interaction with Pinl, thereby promoting IFN-signaling. In disease states, genes
encoding molecules that function to inhibit the innate response (e.g., Socs1, Trim27, Trim30 and
Trim40) can be shown to be down-regulated, while genes encoding factors that function to
activate innate responses can be shown to be up-regulated. This scheme is consistent with the
strong IFN-signature observed in rheumatic diseases, such as Systemic lupus erythematosus,

Sjogren’s syndrome, and Rheumatoid arthritis.
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FIG. 2 shows one embodiment of a system described herein. A device as described
herein, for example a microarray chip (101) treated with a patient sample, is scanned with a
detecting device (102) to produce data. The data generated from the sample is transmitted to a
computer (103), containing software used to assign an “interferon signature” to the sample.
Information concerning the interferon signature of the sample is transmitted to a network of
interconnected databases (104-107) comprising a library of interferon signatures associated with
molecular events and their associated biological pathways, diseases correlated to molecular
events, and treatment recommendations associated with interferon signatures, molecular events
and their associated diseases. The interferon signature of the sample is matched to an interferon
signature in the database defining a specific disease. The result of a match is a database-
mediated (104) assignment of molecular events associated with the matched interferon signature
to the sample. Once a molecular event has been identified, the remaining databases are
contacted to identify a disease or diseases associated with said event (105), or associated with
the interferon signature (106). When the specific disease is identified, a database comprising
treatment options associated with each disease is searched (107). The resulting molecular event,

disease and treatment options are transmitted back to the computer (103) and displayed (108).

FIG. 3 shows one embodiment of an example of a suitable computing system

environment.

FIG. 4 shows a flowchart describing analysis of temporal differential expression of
genes involved in altered biological processes and/or molecular pathways

between C57BL/6J and C57BL/6.NOD-Aec7Aec”? mice.

FIG. 5 shows biological processes altered (activated/up-regulated) at 8 weeks versus 4
weeks of age in the salivary glands (SG) of C57BL/6.NOD-Aec/Aec2 mice compared to
CS57BL/6J controls.

FIG. 6 shows biological processes down-regulated at 12-16 weeks
versus 8 weeks of age in the GS of C57BL/6.NOD-Aec7Aec2 mice
compared to C57BL/6J controls. Many GS up-regulated between 4-8

weeks of age are down-regulated at between 8-12 weeks of age.
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FIG. 7 shows biological processes altered (activated/up-regulated) at 16 weeks of age in

the SG of C57BL/6.NOD-AeclAec2 mice compared to C57BL/6J controls.

FIG. 8 shows examples of gene set (GS) clusters of interest for pre-disease to early-onset

SjS.

FIG. 9 shows an example of gene sets (GS) characterizing early SjS pathology.

FIG. 10 shows an example of gene sets (GS) characterizing early SjS pathology.

FIG. 11 shows an example of gene sets (GS) characterizing early SjS pathology.

FIG. 12 shows a schematic depiction of one example of the interferon signature of TLRs
and Trims.

FIG. 13 shows interaction of the IFN-pathway with TAM receptor tyrosine kinase
(TAM-RTK)-encoding genes.

FIG. 14 shows a schematic describing interaction of Znf512f with TGFp signaling.
Upregulation of Znf512p and TGFp leads to autoimmunity in B6-Aec/Aec2 mice.

FIG. 15 shows differential expression of the Zfp-Myc-TGFp gene axis in lacrimal glands

of the B6.NOD-Aec/Aec2 mouse.
DETAILED DESCRIPTION

The inventor has recognized and appreciated approaches for identifying, from a
specimen from a patient, a specific disease and/or treatment appropriate for the patent. These
techniques involve novel disease-specific biomarkers and biomarker assays that directly
correlate to the etiopathological mechanisms of the disease they identify. In some embodiments,
a microarray containing multiple regions (e.g., locations) responsive to interferon-responsive
genes is used. Different ones of the regions may be responsive to different interferon-responsive
genes or gene products. In accordance with some embodiments, these genes or gene products
may be associated with biological pathways. By processing test results derived from locations
activated by a sample based on those pathways, signatures may be developed that indicate
appropriate patient-specific actions, including reporting a disease state of the patient or selecting

a treatment.
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The inventor has recognized and appreciated that one of the major challenges for the use
of biomarkers for the identification of disease is that currently used biomarkers are often indirect
or non-specific markers of the pathological state. For example, a single biomarker (e.g., a gene
or gene product) may be indicative of several unrelated diseases. The instant disclosure
provides devices and methods to improve the diagnostic capabilities of biomarkers. In some
aspects, the invention relates to processing test data in accordance with the inventor’s
recognition and appreciation that the presence of combinations of biomarkers with unique
characteristics, i.e., “signatures”, represent multiple sets of direct indicators of the underlying
biological processes and molecular events controlling the pathology of specific diseases.

More specifically, the disclosure relates to the signatures associated with the innate
immune response of a host to certain diseases. Innate immune responses direct the nature and
specificity of downstream adaptive responses in autoimmune diseases. One of the strongest
markers of innate immunity is the up-regulated expression of interferon (IFN) and IFN-related
genes (IRGs). For example, Sjogren’s syndrome (SjS), an autoimmune rheumatic disease, is
characterized by chronic immune attacks against exocrine glands leading to exocrine
dysfunction, plus strong up-regulated expressions of IFN and a unique set of IRG transcripts.
However, it should be appreciated that interferon signatures are not limited to autoimmune
diseases, and may be present in all innate immune responses. In some aspects, therefore, the
disclosure relates to the inventor’s recognition and appreciation that a sufficient number of IRGs
induced during host responses may be detected and, when considered in tandem, provide a high
probability of uniquely identifying “interferon signatures” for each different disease. Such
interferon signatures may be associated with molecular events, allowing reliable prediction of
etiopathological mechanisms of disease, a treatment for a specific disease suffered by a patient,
or otherwise identify information relevant to a specific patient based on a predetermined

association between that information and one or more interferon signatures.

Devices for Identifying Interferon Signatures

Provided herein are devices and methods for identifying interferon signatures of a
sample. In some embodiments, the devices are substrates useful for microarray assays. In some
aspects, the disclosure provides a substrate with a surface comprising multiple locations that are
treated to react with an interferon-responsive gene (IRG). In accordance with some

embodiments, there may be at least 100 such locations. In some embodiments, the locations
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may be made responsive to an IRG as a result of a material adhered to the substrate. Different
material may be applied in different locations to enable the microarray to detect the presence of
different IRGs in a sample applied to the microarray. These materials may include one or more
oligonucleotides. As a specific example, multiple oligonucleotides may be applied to some or
all of the locations of the microarray, such that each cell of the array represents a group of
oligonucleotides. Oligonucleotides are used herein as an example of suitable materials.

These materials may be attached to the substrate in any suitable way. In some
embodiments, the material may be covalently bonded. As a specific example, the materials may
be covalently attached to the substrate at a predetermined location, and each location may target
a different interferon-regulated gene (IRG). In some embodiments, more than one location
targets the same IRG. In some embodiments, the substrate further comprises materials that are
reactive to non-IRGs or IRG gene products. For example, a substrate may comprise a material
reactive to actin or a gene encoding actin that may be used as a reference material. In some
embodiments, a substrate may comprise between 1 material and 5 materials that are reactive
with non-IRGs or IRG gene products.

As used herein, the term “interferon signature” refers to a unique identifier comprising
expressional data for a specific combination of IRGs that are modulated in response to interferon
production caused by a particular disease or pathogen. In some embodiments, an interferon
signature comprises only type-I IRGs. In some embodiments, an interferon signature comprises
at least 100, at Ieast 200, at least 300, at least 400, at Ieast 500, at least 1000, or at least 1500
IRGs.

As used herein, the term “substrate” refers to any suitable structure to which a molecule
or molecules may be attached. A substrate may, but need not, be planar. In some embodiments,
the substrate may serve as a scaffold for the attachment of a molecule or molecules, including
for example nucleic acids- that produce a detectible reaction when coming into contact with one
or more IRGs. Such a substrate may be constructed using techniques known in the art. For
example, it is known to make microarray chips comprising a plurality of molecular probes (e.g.,
oligonucleotides) covalently attached to a substrate. In some embodiments, the substrate is
glass. In some embodiments, the substrate may be silicon or polymer (e.g., polystyrene or
polycarbonate). Substrates described herein may be square, circular, rectangular, triangular or
any other shape that does not prohibit its proper function as understood by a person of ordinary

skill in the art. In some embodiments, the area of the surface covalently bound to the
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oligonucleotides ranges in size from 1 prn2 to 10 cm”. In some embodiments, the area of the
surface ranges in size from 10 prn2 to 5 cm®. In some embodiments, the area of the surface
ranges in size from 100 pmz to 1 cm™.

In some aspects, the substrate comprises at least 100 locations with oligonucleotides
covalently bound to its surface. As used herein, the term “oligonucleotide” refers to a single
stranded, polymeric nucleic acid molecule. In some embodiments, the oligonucleotides are
deoxyribonucleic acid (DNA). In some embodiments, the oligonucleotides are ribonucleic acid
(RNA). Methods for covalently attaching oligonucleotides are known in the art and may be
performed as described, for example in US Patent No. 5, 445,934, which is incorporated herein
by reference in its entirety.

The oligonucleotides described herein may act as probes to which the nucleic acids of a
sample may hybridize. Accordingly, the length of the oligonucleotides may vary depending
upon the target sequence to which it is designed to hybridize. In some embodiments, the
oligonucleotides range between 5 base pairs (bp) and 500 bp in length. In some embodiments,
the oligonucleotides range between 10 bp and 250 bp in length. In some embodiments, the
oligonucleotides range between 15 bp and 150 bp in length. In some embodiments, the
oligonucleotides range between 20 bp and 100 bp in length. In some embodiments, the
oligonucleotides range between 30 bp and 90 bp in length. In some embodiments, the
oligonucleotides range between 40 bp and 80 bp in length. In some embodiments, the
oligonucleotides range between 50 bp and 70 bp in length. In some embodiments, the
oligonucleotides range between 19 bp and 25 bp in length.

In some embodiments, the length of each oligonucleotide within a group of
oligonucleotides covalently attached to a substrate are each the same length. In some
embodiments, at least two groups of oligonucleotides comprise oligonucleotides of the same
length.

Varying levels of complementarity between oligonucleotides and target sequences are
also contemplated herein. In some embodiments, the oligonucleotide and target sequences are
100% complementary. However, a response may be detected with less than 100%
complementarity. In some embodiments, the oligonucleotide and target sequences are at least
99% complementary. In some embodiments, the oligonucleotide and target sequences are at
least 95% complementary. In some embodiments, the oligonucleotide and target sequences are

at least 90% complementary. In some embodiments, the oligonucleotide and target sequences
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are at least 85% complementary. In some embodiments, the oligonucleotide and target
sequences are at least 80% complementary. In some embodiments, the oligonucleotide and
target sequences are at least 75% complementary. In some embodiments, the oligonucleotide
and target sequences are at least 70% complementary. In some embodiments, the
oligonucleotide and target sequences are at least 65% complementary. In some embodiments,
the oligonucleotide and target sequences are at least 60% complementary.

In some aspects, the disclosure relates to interferon-regulated genes. Interferons are
cytokines (signaling molecules) produced by cells of the immune system in response to a
pathogen, tumor, and/or cell injury. There are three types of interferon protein (type-I, type-1I
and type III). Type-I interferons are of particular importance because in addition to functioning
as part of the innate immune system, they stimulate dendritic cells and thus prime the adaptive
immune response. The production of interferons results in the activation of several signaling
cascades, for example the Janus kinase-signal transducer and activator of transcription
(JAK/STAT) pathway, which induces the transcription of various genes that are termed
“interferon-regulated genes” (IRGs). As used herein, the term interferon-regulated gene (IRG)
refers to genes that are expressionally regulated by interferon proteins. Expression of IRGs may
therefore be up-regulated or down regulated in response to interferon. Non-limiting examples of
IRGs include SOCS1, SOCS3, TRIMS, STATI, IRF1 and those listed in the INTERFEROME
database (Samarajiwa et al., Interferome: the database of interferon-regulated genes, Nucleic
Acids Res., 37: D852-D837, 2009; incorporated by reference herein in its entirety).

Without wishing to be bound by any particular theory, the inventors have recognized and
appreciated that patterns of IRGs present in a sample having or suspected to have a particular
disease or disorder form a unique interferon signature that is associated with the molecular
events causing pathology associated with said disorder. Processing test data based on
associations with these events may provide more accurate results, such as in diagnosis or
treatment of a patient. Thus, in some aspects, the invention relates to a substrate comprising
groups of oligonucleotides that target IRGs. It is to be appreciated that each oligonucleotide
within a group targeting an IRG may be the same or may be different. For example in some
embodiments, a group of oligonucleotides targeting the IRG toll-like receptor 4 (TLR4) may
comprise oligonucleotides that each have the same oligonucleotide sequence (e.g., GAGAGGA).
Alternatively, in some embodiments, a group of oligonucleotides targeting the IRG toll-like

receptor 4 (TLR4) may comprise oligonucleotides of different sequences that target discrete
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locations of the TLR4 gene. Thus, in some embodiments, each group of oligonucleotides
covalently bound to the substrate targets a different IRG. In some embodiments, the substrate
comprises at least 100 groups of oligonucleotides that each target a different IRG. In some
embodiments, the substrate comprises at least 200, at least 300, at least 400, at least 500, at least
1000, at least 1200, or at least 1500 groups of oligonucleotides that each target a different IRG.

The disclosure also contemplates the spatial arrangement of the IRG-targeting
oligonucleotides on the surface of the substrate. In some embodiments, a plurality of IRG-
targeting oligonucleotides is arranged into groups, and each group is attached to a predetermined
location on the surface of the substrate. Oligonucleotides may be grouped based upon any
definable characteristic, for example the size of the oligonucleotide or the particular IRG
targeted by the oligonucleotide. Therefore, in some embodiments, a location may comprise a
group of oligonucleotides comprising a plurality of oligonucleotides where each oligonucleotide
targets the same IRG. The skilled artisan recognizes that although each oligonucleotide within a
group at a predetermined location may target the same IRG, the oligonucleotides need not have
identical sequences. For example, a group may comprise a plurality of oligonucleotides, each
oligonucleotide of the plurality targeting a different sequence fragment within the same IRG. In
some embodiments a location may comprise a group comprising a plurality of oligonucleotides,
wherein each oligonucleotide of the plurality targets a different IRG. For example, a location
may comprise a group of oligonucleotides that targets at least 2, at least 3, at least 4, at least 5, at
least 6, at least 7, at least 8, at Ieast 9, at least 10, at least 100, at least 500, at least 1000 or at
least 1200 IRGs. In some embodiments, a group comprises a plurality of oligonucleotides,
wherein each oligonucleotide of the plurality targets an IRG associated with a particular
molecular event. For example, a group may comprise a plurality of oligonucleotides targeting
IRGs involved with TLR-4-mediated signaling.

As used herein, a “predetermined location” refers to a localized area on a substrate at
which a selected oligonucleotide is covalently attached. This location may therefore be
predetermined at the time of that attachment. In some embodiments, the substrate may be
divided into uniformly sized and distributed locations in a pattern that is the same for substrates
used in sample processing. Accordingly, a machine reading results from the substrate may be
programmed in advance to find every location by checking locations in accordance with the

pattern. In other embodiments, information encoded on the substrate may indicate the
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predetermined locations, which a machine may then determine based on the sensing the
information encoded on the substrate.

As a specific example, the attachment of each oligonucleotide at a predetermined
location enables each group of IRG-targeting oligonucleotides to be assigned an address (e.g., x-
and y-coordinates) on the substrate. During analysis, the signal at a particular address on the
substrate may then provide information regarding the IRG associated with said address.

Kits comprising IRG-targeting materials (e.g., IRG-targeting oligonucleotides) are also
contemplated by the disclosure. For example, in some aspects the disclosure provides a kit
comprising a plurality of containers, each container housing an IRG-targeting oligonucleotide.
In some embodiments, each IRG-targeting oligonucleotide specifically hybridizes to a different
IRG (for example, hybridizes to an IRG while in solution). In some embodiments, the IRG-
targeting materials (e.g., IRG-targeting oligonucleotides) provided by the kit specifically
hybridize to each of the IRGs listed in the INTERFEROME database (Samarajiwa et al.,
Interferome: the database of interferon-regulated genes, Nucleic Acids Res., 37: D852-D837,
2009; incorporated by reference herein in its entirety). The IRG-targeting oligonucleotide can be

provided in solution (e.g., dissolved in a solvent) or as a solid (e.g., a lyophilized powder).

Methods for identifying interferon signatures

In some aspects, the invention relates to the discovery that interferon signatures derived
from the detection of the expression level of a sufficient number of IRGs can be used as
biomarkers to identify the biological processes and molecular events defining a specific disease
indicated by said interferon signature. In some cases, a therapeutic regimen may be prescribed
based upon the disease or molecular events associated with the full interferon signature or
individual parts of the interferon signature.

Therefore, in some aspects the disclosure provides a method for identifying an interferon
signature, the method comprising (i) contacting a substrate as described herein with a sample
comprising nucleic acids; (ii) determining the interferon gene expression profile of the sample
by detecting hybridization of the nucleic acids to the substrate, wherein the gene expression
profile identifies the expression level of a plurality of interferon-regulated genes (IRGs) relative
to the expression level of a plurality of IRGs in a healthy control cell; and (iii) assigning an

interferon signature to the sample based upon the gene expression profile.
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In some embodiments of the method, the substrate has a surface comprising at least 100
oligonucleotides, wherein each oligonucleotide is covalently attached to the substrate at a
predetermined location, and wherein each oligonucleotide targets a different interferon-regulated
gene (IRG). In some embodiments, the IRGs are type-I IRGs. In some embodiments, the IRGs
are type-II IRGs. In some embodiments, the nucleic acids are DNA or RNA.

As used herein, the term “sample” refers to a biological specimen. For example, a
sample may refer to blood, sweat, urine, fecal matter, seminal fluid, a population of isolated
tissue cells, isolated organ cells, a lysate of tissue cells, or a lysate of organ cells. Samples may
be suitably processed to allow contact between nucleic acids of the sample and a substrate. For
example, cells may be lysed and RNA extraction and purification may be performed prior to
contacting the substrate with the sample. In some embodiments, the population of cells is
heterogeneous. In some embodiments, the population of cells is homogenous.

In some embodiments of the method, the cell is a eukaryotic cell. In some embodiments,
the cell is a human cell. Various cell types are envisioned by the disclosure. In some
embodiments, the cell is a blood cell. In some embodiments, the cell is an immune cell.
Examples of immune cells include but are not limited to iLC cell, T cell, B cell, Natural Killer
cell, dendritic cell, macrophage, or any other immune cell. In some embodiments, the cell is a
cell derived from an organ, for example kidney cell, lung cell, epithelial cell, endothelial cell,
skin cell, cardiac cell, liver cell, intestinal cell, or any other cell derived from an organ. In some
embodiments, the cell is a cancer cell. In some embodiments, the cell is a tumor cell.

In some embodiments of the method, the cell is derived from a subject. As used herein,
the term “subject” refers to an animal having or suspected of having a disease, or an animal that
is being tested for a disease. In some embodiments, the subject is a human. In some
embodiments, the subject is selected from the group consisting of human, non-human primate,
rodent (e.g., mouse or rat), canine, feline, or equine. In some embodiments, the disease is a
bacterial, viral, parasitic or autoimmune disease. In some embodiments, the disease is related to
a mutation in the genome of the subject, for example cancer resulting from the mutation of a
cancer suppressor gene. In some embodiments, the disease is related to a chromosomal
abnormality, such as a chromosomal deletion, in the genome of the subject. In some
embodiments, the disease expresses high numbers of IRGs. Examples of diseases that express

high numbers of IRGs include but are not limited to rheumatoid arthritis (RA), Sjogren's
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syndrome (S}S) and systemic lupus erythematosus (SLE). In some embodiments, the disease
expresses low numbers of IRGs, for example kidney stone diseases.

Non-limiting examples of pathogenic bacteria include but are not limited to Salmonella,
Yersinia, Shigella, Campylobacter, Helicobacter, Pseudomonas, Streptococcus, Staphylococcus,
E. coli, Haemophilus, Mycobacterium, Proteus, Klebsiella, Neisseria, Branhamella, Bacteroides,
Listeria, Enterococci, Vibrio, Bordetella, Clostridium, Treponema, and Mycoplasma.

Non-limiting examples of pathogenic viruses include but are not limited to human
immunodeficiency virus (HIV), cowpox virus, Coxsackie virus, dengue virus, hepatitis virus (A,
B, C), Ebola virus, smallpox virus, Epstein-Barr virus, human cytomegalovirus, human
herpesvirus, human papillomavirus, influenza virus, measles virus, polio virus, and vaccinia
virus.

Non-limiting examples of pathogenic parasites include but are not limited Plasmodium,
Trypanosoma, Ascaris, Schistosoma, Cryptosporidium, Taenia, and Leishmania.

Autoimmune diseases include but are not limited to rheumatoid arthritis (RA), Sjogren's
syndrome (SjS), lupus, Addison’s disease, Grave’s disease, celiac disease, multiple sclerosis
(MS), inflammatory bowel disease, Crohn’s disease and type-I diabetes.

In some embodiments, the disease is cancer. Non-limiting examples of cancer include
breast cancer, lung cancer, liver cancer, bowel cancer, intestinal cancer, cervical cancer, brain
cancer, kidney cancer, T cell lymphoma, B cell lymphoma, prostate cancer, testicular cancer,
stomach cancer, and osteosarcomas.

In some aspects, the method comprises determining the gene expression profile of a
sample. As used herein, the term “gene expression profile” refers to the measurement of activity
(i.e., expression) of a plurality of genes from a sample at a specific time point. The gene
expression profile of a sample having or suspected of having a disease may be conveyed as
relative expression of a subset of genes from the sample compared to the same subset of genes in
a control cell. For example, expression of various IRGs associated with pro-inflammatory
cytokines may be up-regulated in a sample suspected of having rheumatoid arthritis compared to
a control cell that does not have an inflammatory disease. In some embodiments, a gene
expression profile is determined relative to healthy control cell. As used herein, “healthy control
cell” refers to a cell that does not have or is not suspected of having a disease or disorder. In
some embodiments, the healthy control cell is the same cell type as the cell from which the

sample is derived.
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In some embodiments, the plurality of genes of the gene expression profile comprises
only IRGs. In some embodiments, the expression profile comprises at least 100 IRGs. In some
embodiments, the expression profile comprises at least 200, at least 300, at least 400, at least
500, at least 1000, at Ieast 1200, or at least 1500 IRGs.

In some aspects, the gene expression profile of a sample is determined by detecting the
presence or absence of an interaction between the sample and a material at each location on a
substrate. Various methods of detecting an interaction are recognized in the art. For example,
interaction between the sample and the material can be detected by measuring binding activity
between the sample and the material. As used herein, the term “binding activity” refers to the
chemical linkage formed between two molecules. For example, a protein ligand may become
covalently bound to its cognate receptor via the chemical interaction between the amino acid
residues of the ligand and the receptor. In the context of nucleic acid interactions, binding
activity includes the hybridization of complementary nucleic acids. As used herein, the term
“hybridization” is accorded its general meaning in the art and refers to the pairing of
substantially complementary nucleotide sequences (for example, pairing of oligonucleotides and
strands of nucleic acid) to form a duplex or heteroduplex through formation of hydrogen bonds
between complementary base pairs in accordance with Watson-Crick base pairing.
Hybridization is a specific, i.e., non- random, interaction between two complementary
polynucleotides. In some embodiments of the method, hybridization occurs when the nucleic
acids of the sample are 100% complementary to the oligonucleotides covalently attached to the
substrate. In some embodiments of the method, hybridization occurs when the nucleic acids of
the sample are at least 99% complementary to the oligonucleotides covalently attached to the
substrate. In some embodiments of the method, hybridization occurs when the nucleic acids of
the sample are at least 95% complementary to the oligonucleotides covalently attached to the
substrate. In some embodiments of the method, hybridization occurs when the nucleic acids of
the sample are at least 90% complementary to the oligonucleotides covalently attached to the
substrate. In some embodiments of the method, hybridization occurs when the nucleic acids of
the sample are at least 85% complementary to the oligonucleotides covalently attached to the
substrate. In some embodiments of the method, hybridization occurs when the nucleic acids of
the sample are at least 80% complementary to the oligonucleotides covalently attached to the
substrate. In some embodiments of the method, hybridization occurs when the nucleic acids of

the sample are at least 75% complementary to the oligonucleotides covalently attached to the
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substrate. In some embodiments of the method, hybridization occurs when the nucleic acids of
the sample are at least 70% complementary to the oligonucleotides covalently attached to the
substrate. In some embodiments of the method, hybridization occurs when the nucleic acids of
the sample are at least 65% complementary to the oligonucleotides covalently attached to the
substrate. In some embodiments of the method, hybridization occurs when the nucleic acids of
the sample are at least 60% complementary to the oligonucleotides covalently attached to the
substrate. Therefore, in some embodiments, the gene expression profile is determined by
detecting hybridization of the nucleic acids to a substrate with a surface covalently linked to
oligonucleotides.

In some embodiments, the gene expression profile of a sample is determined by nucleic
acid sequencing (e.g., DNA sequencing, RNA sequencing, etc.). Examples of sequencing
methods used for gene expression profiling include but are not limited to single-molecule real-
time sequencing (SMRT), ion semiconductor (Ion Torrent) sequencing, pyrosequencing,
sequencing by synthesis (e.g., [llumina sequencing), sequencing by ligation (SOLiD), and chain
termination sequencing (Sanger sequencing), nanopore sequencing, and massively parallel
sequencing (MPSS). Sequencing methods generally utilize gene specific probes (e.g.,
oligonucleotides, primers, adaptors, efc.) for nucleic acid amplification. In some embodiments,
IRG-targeting oligonucleotides function as gene-specific probes for a sequencing reaction.

In some aspects, the disclosure relates to assigning an interferon signature to the sample
based upon its gene expression profile. Interferon signatures provide information pertaining to
the relative expression levels of specific combinations of IRGs that are modulated in response to
interferon production caused by a particular disease or pathogen. For example, an interferon
signature of a sample having an inflammatory disease may indicate that a specific subset of
IRGs related to pro-inflammatory molecules, such as TNFa, are 5-fold up-regulated relative to a
healthy control. The invention is based, in part, on the discovery that detection of interferon
signatures comprising combinations of a sufficient number of IRGs are useful for identifying
specific molecular events that underlie pathophysiology in a subject and determining a
therapeutic regimen for the subject. In some embodiments, an interferon signature comprises at
least 100 IRGs. In some embodiments, an interferon signature comprises at least 200, at least
300, at least 400, at least 500, at least 1000, at least 1200, or at Ieast 1500 IRGs.

Often, shared etiopathological mechanisms between diseases result from common

molecular events or biological processes related to the host immune response. Although
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different diseases have unique and specific interferon signatures, common sets of IRGs within
the different signatures may overlap due to shared underlying etiopathological mechanisms
between the different diseases. Thus, the instant invention relates, in part, to the surprising
discovery that the detection of an interferon signature comprising a sufficient number of IRGs
can be used to identify the etiopathophysiology associated with a specific disease, even in the
presence of overlapping molecular events common to multiple diseases. Without wishing to be
bound by any particular theory, identification of the etiopathophysiology associated with a
specific disease allows for the selection of an appropriate therapeutic regimen to target the
underlying cause of the disease.

Accordingly, in some aspects, the method further comprises comparing the interferon
signature of the sample to a database, wherein the database comprises known interferon
signatures associated with molecular events. In some embodiments, if the interferon signature
of the sample matches an interferon signature in the database, the molecular event associated
with the signature of the database may be assigned to the interferon signature of the sample and
compared to a database comprising unique molecular events associated with specific diseases.
The interferon signature of the sample may also be compared to a database comprising known
interferon signatures associated with specific diseases. The diseases may be associated directly
or indirectly with interferon signatures. For example, in some embodiments, signatures may be
associated with molecular events (such as pathways activated), and the combination of one or
more molecular events may be uniquely associated with specific diseases. Alternatively or
additionally, the interferon signature or molecular event assigned to the sample can be compared
to a database comprising known effective therapeutic regimens for a subject exhibiting the
interferon signature. Such association also may be direct or indirect, with a database linking
signatures to treatments directly, or with databases linking signatures to diseases and linking
diseases to treatments.

The skilled artisan recognizes that the information contained in the foregoing databases
may be combined into a single database or data tables within a database. Moreover, it should be
appreciated that “database” is used generically and does not imply any dependency on a format
in which such information is stored. It should be appreciated that databases as described herein
may also be electronically networked together. Therefore, in some embodiments, the method
further comprises identifying the molecular event(s) associated with an interferon signature,

diagnosing the subject with a disease based upon the presence of the interferon signature and the
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molecular event(s) and selecting a therapeutic regimen based upon the disease diagnosis. These
actions may be performed by a processor or processors accessing one or multiple databases over
a computer network.

As used herein, the term “molecular event” refers to a biological process that directly or
indirectly results from the induction or suppression of IRGs by a pathological condition.
Examples of molecular events include but are not limited to signal transduction pathways (e.g.,
TLR4 signal transduction pathway) and disease associated events (e.g., inflammatory response
induced by bacterial infection). In some embodiments, the database comprises at least 100, at
Ieast 200, at least 300, at least 400, at Ieast 500, at least 600, at least 700, at least 800, at least
900, at least 1000, at least 2000, at least 3000, at least 5000, at Ieast 10,000, at least 20,000, or at
least 30,000 molecular events associated with interferon signatures. In some embodiments the
database comprises no more than about 30,000 molecular events associated with interferon
signatures. Matching the interferon signature of the sample to an interferon signature in the
database indicates the presence of the molecular event or biological pathway associated with the
database interferon signature in the sample.

The determination of the molecular events underlying a pathological condition may be
useful in the context of personalized medicine and/or pharmacogenomics. As used herein,
“personalized medicine” refers to the customization of medical decisions and/or treatments
based upon the genetic makeup of a patient. For example, breast cancers that overexpress the
HER?2 gene are sensitive to treatment with the monoclonal antibody trastuzumab. Therefore,
breast cancer patients may be genotyped to identify whether their cancer is HER2-positive and if
so, treated with trastuzumab. However unlike cancer, the underlying etiological causes of many
other diseases remain unclear. Without wishing to be bound by any particular theory,
identification of molecular events by identification of and association with specific interferon
signatures may provide new therapeutic strategies and targets by recognizing previously
unknown pathological mechanisms of a disease.

Aspects of the disclosure relate to the inventor’s recognition that the interferon signature
of a particular disease may change depending upon the biological pathways and molecular
events that are regulated as the disease develops or progresses. For example, the early (e.g.,
covert) stages of a disease may exhibit an interferon signature characterized by upregulation of

innate immune response IRGs (e.g.. type-1 IRGs), whereas later (e.g., overt) stages of the same

disease may exhibit an interferon signature characterized by upregulation of adaptive immune
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response IRGs (e.g., type-II IRGs). Accordingly, in some aspects, the disclosure provides a
method for monitoring the progression of a disease, the method comprising determining a gene
expression profile from a sample obtained from a subject having or suspected of having a
disease on a first occasion; assigning an interferon signature to the sample; determining a gene
expression profile from a sample obtained from the subject on a second occasion; assigning a
second interferon signature to the sample; and comparing the interferon signature of the first
occasion sample to the interferon signature of the second occasion sample; and, determining that
the subject has the disease or the disease has progressed.

Alternatively, in some embodiments, development of a disease in an otherwise healthy
subject is identified by detecting a change in interferon signatures of the subject between two
time points. For example, in some embodiments, certain diseases can be identified by detecting
IRG-mediated changes in biological pathways and molecular events as the disease develops over
time. In some embodiments, the length of time between which an interferon signature is
measured ranges {from about 1 week to about 1 year. In some embodiments the length of time is
about one week, four weeks (one month), three months, six months, or one year. In some
embodiments, the length of time is more than one year. In some embodiments, interferon
signatures change over time of disease onset, development and clinical appearance as the
immune response evolves from an innate to an adaptive response. In some embodiments, the
interferon signature can thus predict the stage of disease as well, whether the disease is
progressing or regressing, or whether the host defense has successfully combated the disease or
not. Accordingly, in some embodiments, temporally monitoring an interferon signature can
therefore help determine potential treatments.

In some aspects, the disclosure provides a method for determining a personalized
therapeutic regimen for a subject in need thereof, the method comprising (i) obtaining a sample
from a subject; (ii) determining interferon signature of the sample; and, (iii) comparing the
interferon signature of the sample to a database of known interferon signatures. In some
embodiments, the interferon signature is based on a sufficient number of measurements of IRGs
that interferon signatures of the database may be associated with a molecular event. In some
embodiments, the interferon signature is based on measurement of the expression levels of at
least 100 IRGs. The method may further comprise: (iv) assigning the interferon signature of the
sample to a molecular event or biological pathway, wherein the assignment is made by matching

the interferon signature of the sample to an interferon signature of the database; and, (v)
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prescribing a therapeutic regimen based upon the molecular event or biological pathway
assigned to the interferon signature of the sample.

In some embodiments, methods for determining a personalized therapeutic regimen
described herein are useful for identifying subpopulations of responsive (or non-responsive)
patients in the context of clinical trials. For example, certain diseases comprise subpopulations
of patients having different etio-pathological (e.g., biological pathways and molecular events)
causes of disease but sharing the same symptoms (e.g., the same overall biological response).
Differences in the biological pathways and molecular events characterizing each subpopulation
may lead to variations in drug response. Without wishing to be bound by any particular theory,
methods for identifying the interferon signature of a subject described herein allow for
biological pathways and molecular events characterizing subpopulations of such patients to be
identified and an appropriate therapeutic regimen prescribed.

In some embodiments, the disclosure provides a method of treating a certain disease
(e.g., an interferon-related disease), the method comprising: administering a therapeutic regimen
(e.g., a drug or combination of drugs) based upon the identification of an interferon signature of
the subject, wherein the interferon signature of the subject indicates the appropriate target for the
drug being administered. For example, in some embodiments, a subject is administered an anti-
viral therapy (e.g., an anti-retroviral drug) based upon identification of an interferon signature
associated with a viral disease in the subject.

As used herein, the term “therapeutic regimen” refers to the use of at least one
therapeutic compound for the treatment of a disease or disorder. The term “a subject in need
thereof” refers to a subject having or suspected of having a disease or disorder, or a subject
having clinical signs or symptoms associated with a disease or disorder. In some embodiments,
the disease or disorder is an interferon-related disease or disorder. In some embodiments the
disease or disorder is a bacterial, viral, parasitic or autoimmune disease. In some embodiments,
the disease or disorder is cancer.

In some aspects, the method comprises the step of prescribing a therapeutic regimen
based upon the molecular event or biological pathway assigned to the interferon signature of the
sample. In some embodiments, the therapeutic regimen prescribed comprises at least one
therapeutic compound that enhances, inhibits or otherwise modifies the molecular event
assigned to the interferon signature of the sample. For example, in some embodiments,

identification of an interferon signature associated with STAT-mediated inflammation may
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result in prescription of a therapeutic regimen comprising inhibitors of NF,p or JAK/STAT
pathways, an antiviral if the interferon signature indicates infection with a dSRNA virus, or
development of new drugs targeting disease-specific biological processes utilizing IRGs.
Therapeutic compounds may be any compound that is clinically acceptable for the
treatment of a particular disease. For example, therapeutic compounds may be small molecules,
peptides or proteins, antibodies, nucleic acids (e.g., siRNA or shRNA), transgenes, or any
combination of the foregoing. In some embodiments, the therapeutic compound is a
pharmaceutical composition comprising a therapeutic compound. In some embodiments,
pharmaceutical compositions further comprise a pharmaceutically acceptable carrier or
excipient, for example those described in Remington’s Pharmaceutical Sciences, 18th Ed.

(1990).

Systems for identifying interferon signatures

The disclosure also contemplates systems for identifying interferon signatures. One
embodiment of a system for identifying interferon signatures is depicted in FIG. 2. In some
aspects, provided herein is a system for identifying interferon signature in a sample, comprising
(i) a substrate as described herein; (ii) a microarray scanner; (iii) a computer; (iv) at least one
database containing known interferon signatures associated to molecular events and/or
molecular events associated to specific diseases and/or specific diseases associated to
therapeutic regimens.

In certain embodiments, systems comprise a substrate as described herein, for example a
microarray chip (101) that has been treated with a sample. The chip may contain, for example, a
sufficient number of locations treated with material reactive with IRG’s such that results read
from the chip contain enough information to differentiate molecular events within the subject
from which the sample was collected. Some locations on the array may react with the same
IRG.

The chip (101) is then scanned with a detecting device (102) to produce data. Scanning
of such chips is known in the art, and any suitable scanning technique may be used. In some
embodiments, for example, the scanning is performed with a visible imaging system, detecting
changes in appearance of locations in response to a reaction between a material on the chip and
the sample. The data generated from the sample is transmitted to a computer (103), containing

software used to assign an “interferon signature” to the sample. Information concerning the
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interferon signature of the sample may be compared to information in a database (104),
comprising a library of interferon signatures associated with biological processes and molecular
events. The interferon signature of the sample may be matched to an interferon signature in the
database. The result of a match is database-mediated (104) assignment of the molecular event
associated with the matched interferon signature to the sample. Once a molecular event has
been identified, the remaining databases are contacted to identify a disease or diseases associated
with said event (105), or associated with the interferon signature (106). Once a disease has been
identified, a database comprising treatment options associated with each disease is searched
(107). The resulting molecular event, disease and treatment options are transmitted back to the
computer (103) and displayed (108).The resulting biological process or molecular event, is

transmitted back to the computer (103) and displayed (105).

Representative Computing Environment

Techniques as described herein may yield more accurate diagnosis and treatment
recommendations for specific subjects. Such techniques involve collecting and processing data
on a sufficient number of IRGs to produce data sets including adequate information to
distinguish between biological pathways triggered within a subject, even though many
biological paths involve regulation of overlapping IRGs. The collection and/or processing of
such data may be controlled by execution of a computing device.

FIG. 3 illustrates an example of a suitable computing system environment 400 on which
such processing may be implemented. The computing system environment 400 is only one
example of a suitable computing environment and is not intended to suggest any limitation as to
the scope of use or functionality of the invention. Neither should the computing environment
400 be interpreted as having any dependency or requirement relating to any one or combination
of components illustrated in the exemplary operating environment 400.

The invention is operational with numerous other general purpose or special purpose
computing system environments or configurations. Examples of well-known computing
systems, environments, and/or configurations that may be suitable for use with the invention
include, but are not limited to, personal computers, server computers, smartphones, tablets,
hand-held or laptop devices , multiprocessor systems, microprocessor-based systems, set top
boxes, programmable consumer electronics, network PCs, minicomputers, mainframe

computers, distributed computing environments that include any of the above systems or
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devices, and the like. Some of the elements illustrated in FIG. 3 may not be present, depending
on the specific type of computing device. Alternatively, additional elements may be present in
some implementations.

The computing environment may execute computer-executable instructions, such as
program modules. Generally, program modules include routines, programs, objects,
components, data structures, efc. that perform particular tasks or implement particular abstract
data types. Some embodiments may also be practiced in distributed computing environments
where tasks are performed by remote processing devices that are linked through a
communications network. These distributed systems may be what are known as enterprise
computing systems or, in some embodiments, may be “cloud” computing systems. In a
distributed computing environment, program modules may be located in both local and/or
remote computer storage media including memory storage devices.

With reference to FIG. 3, an exemplary system for implementing the invention includes a
general purpose computing device in the form of a computer 410. Components of computer 410
may include, but are not limited to, a processing unit 420, a system memory 430, and a system
bus 421 that couples various system components including the system memory to the processing
unit 420. The system bus 421 may be any of several types of bus structures including a memory
bus or memory controller, a peripheral bus, and a local bus using any of a variety of bus
architectures. By way of example, and not limitation, such architectures include Industry
Standard Architecture (ISA) bus, Micro Channel Architecture (MCA) bus, Enhanced ISA
(EISA) bus, Video Electronics Standards Association (VESA) local bus, and Peripheral
Component Interconnect (PCI) bus, also known as Mezzanine bus.

Computer 410 typically includes a variety of computer readable media. Computer
readable media can be any available media that can be accessed by computer 410 and includes
both volatile and nonvolatile media, removable and non-removable media. By way of example,
and not limitation, computer readable media may comprise computer storage media and
communication media. Computer storage media includes both volatile and nonvolatile,
removable and non-removable media implemented in any method or technology for storage of
information such as computer readable instructions, data structures, program modules or other
data. Computer storage media includes, but is not limited to, RAM, ROM, EEPROM, flash
memory or other memory technology, CD-ROM, digital versatile disks (DVD) or other optical

disk storage, magnetic cassettes, magnetic tape, magnetic disk storage or other magnetic storage
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devices, or any other medium which can be used to store the desired information and which can
accessed by computer 410.

Communication media typically embodies computer readable instructions, data
structures, program modules or other data in a modulated data signal such as a carrier wave or
other transport mechanism and includes any information delivery media. The term “modulated
data signal” means a signal that has one or more of its characteristics set or changed in such a
manner as to encode information in the signal. By way of example, and not limitation,
communication media includes wired media such as a wired network or direct-wired connection,
and wireless media such as acoustic, RF, infrared and other wireless media. Combinations of
the any of the above should also be included within the scope of computer readable media.

The system memory 430 includes computer storage media in the form of volatile and/or
nonvolatile memory such as read only memory (ROM) 431 and random access memory (RAM)
432. A basic input/output system 433 (BIOS), containing the basic routines that help to transfer
information between elements within computer 410, such as during start-up, may be stored in
ROM 431. RAM 432 may contain data and/or program modules that are immediately accessible
to and/or presently being operated on by processing unit 420. By way of example, and not
limitation, FIG. 3 illustrates operating system 434, application programs 435, other program
modules 436, and program data 437.

The computer 410 may also include other removable/non-removable, volatile/nonvolatile
computer storage media. By way of example only, FIG. 3 illustrates a hard disk drive 441 that
reads from or writes to non-removable, nonvolatile magnetic media. Such a hard disk drive may
be implemented by a rotating disk drive or as a solid state drive, such as is implemented with
FLASH memory.

FIG. 3 also illustrates a magnetic disk drive 451 that reads from or writes to a removable,
nonvolatile magnetic disk 452, and an optical disk drive 4535 that reads from or writes to a
removable, nonvolatile optical disk 456 such as a CD ROM or other optical media. Other
removable/non-removable, volatile/nonvolatile computer storage media that can be used in the
exemplary operating environment include, but are not limited to, magnetic tape cassettes, flash
memory cards, digital versatile disks, digital video tape, solid state RAM, solid state ROM, and
the like. The hard disk drive 441 may be connected to the system bus 421 through a non-
removable memory interface such as interface 440, and magnetic disk drive 451 and optical disk

drive 455 may be connected to the system bus 421 by a removable memory interface, such as
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interface 450. However, it should be appreciated that, in some embodiments, some or all of the
computer readable media available to a device may be accessed over a communication network.

The drives and their associated computer storage media discussed above and illustrated
in FIG. 3, provide storage of computer readable instructions, data structures, program modules
and other data for the computer 410. In FIG. 3, for example, hard disk drive 441 is illustrated as
storing operating system 444, application programs 4435, other program modules 446, and
program data 447. Note that these components can either be the same as or different from
operating system 434, application programs 435, other program modules 436, and program data
437. Operating system 444, application programs 445, other program modules 446, and
program data 447 are given different numbers here to illustrate that, at a minimum, they are
different copies.

A computing environment may include one or more input/output devices. Some such
input/out devices may provide a user interface. A user may enter commands and information
into the computer 410 through input devices such as a keyboard 462 and pointing device 461,
depicted as a mouse. However, other forms of pointing devices may be used, including a
trackball, touch pad or touch screen. Other input devices (not shown) may include a
microphone, joystick, game pad, satellite dish, scanner, or the like. The microphone, for
example, may support voice input, which may be recorded as an audio file or may be translated,
such as using speech recognition, to a text format for further processing. These and other input
devices are often connected to the processing unit 420 through a user input interface 460 that is
coupled to the system bus, but may be connected by other interface and bus structures, such as a
parallel port, game port or a universal serial bus (USB).

The computing device may include one or more output devices, including an output
device that may form a portion of a user interface. A monitor 491 or other type of display
device may also be connected to the system bus 421 via an interface, such as a video interface
490, to form a visual output device. In addition to the monitor, computers may also include
other peripheral output devices such as speakers 497 and printer 496, which may be connected
through an output peripheral interface 495. The speaker, for example, may enable output via
synthesized voice or in any other suitable way.

The computer 410 may operate in a networked environment using logical connections to
one or more remote computers, such as a remote computer 480. The remote computer 480 may

be a personal computer, a server, a router, a network PC, a peer device or other common
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network node, and typically includes many or all of the elements described above relative to the
computer 410, although only a memory storage device 481 has been illustrated in FIG. 3. The
logical connections depicted in FIG. 3 include a local area network (LAN) 471 and a wide area
network (WAN) 473, but may also include other networks. Such networking environments are
commonplace in offices, enterprise-wide computer networks, intranets and the Internet.
Alternatively or additionally, the WAN may include a cellular network.

When used in a LAN networking environment, the computer 410 is connected to the
LAN 471 through a network interface or adapter 470. When used in a WAN networking
environment, the computer 410 typically includes a modem 472 or other means for establishing
communications over the WAN 473, such as the Internet. The modem 472, which may be
internal or external, may be connected to the system bus 421 via the user input interface 460, or
other appropriate mechanism.

In a networked environment, program modules depicted relative to the computer 410, or
portions thereof, may be stored in the remote memory storage device. By way of example, and
not limitation, FIG. 3 illustrates remote application programs 485 as residing on memory device
481. It will be appreciated that the network connections shown are exemplary and other means
of establishing a communications link between the computers may be used.

Depending on the nature of the computing device, one or more additional elements may
be present. For example, a smart phone or other portable electronic device may include a
camera, capable of capturing still or video images. In some embodiments, a computing device
may include sensors such as a global positioning system (GPS) to sense location and inertial
sensors such as a compass, an inclinometer and/o ran accelerometer. The operating system may
include utilities to control these devices to capture data from them and make it available to
applications executing on the computing device.

As another example, in some embodiments, a computing device may include a network
interface to implement a personal area network. Such an interface may operate in accordance
with any suitable technology, including a Bluetooth, Zigbee or an 802.11 ad hoc mode, for
example.

Having thus described several aspects of at least one embodiment of this invention, it is
to be appreciated that various alterations, modifications, and improvements will readily occur to

those skilled in the art.
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Such alterations, modifications, and improvements are intended to be part of this
disclosure, and are intended to be within the spirit and scope of the invention. Further, though
advantages of the present invention are indicated, it should be appreciated that not every
embodiment of the invention will include every described advantage. Some embodiments may
not implement any features described as advantageous herein. Accordingly, the foregoing
description and drawings are by way of example only.

The above-described embodiments of the present invention can be implemented in any
of numerous ways. For example, the embodiments may be implemented using hardware,
software or a combination thereof. When implemented in software, the software code can be
executed on any suitable processor or collection of processors, whether provided in a single
computer or distributed among multiple computers. Such processors may be implemented as
integrated circuits, with one or more processors in an integrated circuit component, including
commercially available integrated circuit components known in the art by names such as CPU
chips, GPU chips, microprocessor, microcontroller, or co-processor. Alternatively, a processor
may be implemented in custom circuitry, such as an ASIC, or semicustom circuitry resulting
from configuring a programmable logic device. As yet a further alternative, a processor may be
a portion of a larger circuit or semiconductor device, whether commercially available, semi-
custom or custom. As a specific example, some commercially available microprocessors have
multiple cores such that one or a subset of those cores may constitute a processor. Though, a
processor may be implemented using circuitry in any suitable format.

Further, it should be appreciated that a computer may be embodied in any of a number of
forms, such as a rack-mounted computer, a desktop computer, a laptop computer, or a tablet
computer. Additionally, a computer may be embedded in a device not generally regarded as a
computer but with suitable processing capabilities, including a Personal Digital Assistant (PDA),
a smart phone or any other suitable portable or fixed electronic device.

Also, a computer may have one or more input and output devices. These devices can be
used, among other things, to present a user interface. Examples of output devices that can be
used to provide a user interface include printers or display screens for visual presentation of
output and speakers or other sound generating devices for audible presentation of output.
Examples of input devices that can be used for a user interface include keyboards, and pointing
devices, such as mice, touch pads, and digitizing tablets. As another example, a computer may

receive input information through speech recognition or in other audible format. In the
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embodiment illustrated, the input/output devices are illustrated as physically separate from the
computing device. In some embodiments, however, the input and/or output devices may be
physically integrated into the same unit as the processor or other elements of the computing
device. For example, a keyboard might be implemented as a soft keyboard on a touch screen.
Alternatively, the input/output devices may be entirely disconnected from the computing device,
and functionally integrated through a wireless connection.

Such computers may be interconnected by one or more networks in any suitable form,
including as a local area network or a wide area network, such as an enterprise network or the
Internet. Such networks may be based on any suitable technology and may operate according to
any suitable protocol and may include wireless networks, wired networks or fiber optic
networks.

Also, the various methods or processes outlined herein may be coded as software that is
executable on one or more processors that employ any one of a variety of operating systems or
platforms. Additionally, such software may be written using any of a number of suitable
programming languages and/or programming or scripting tools, and also may be compiled as
executable machine language code or intermediate code that is executed on a framework or
virtual machine.

In this respect, the invention may be embodied as a computer readable storage medium
(or multiple computer readable media) (e.g., a computer memory, one or more floppy discs,
compact discs (CD), optical discs, digital video disks (DVD), magnetic tapes, flash memories,
circuit configurations in Field Programmable Gate Arrays or other semiconductor devices, or
other tangible computer storage medium) encoded with one or more programs that, when
executed on one or more computers or other processors, perform methods that implement the
various embodiments of the invention discussed above. As is apparent from the foregoing
examples, a computer readable storage medium may retain information for a sufficient time to
provide computer-executable instructions in a non-transitory form. Such a computer readable
storage medium or media can be transportable, such that the program or programs stored thereon
can be loaded onto one or more different computers or other processors to implement various
aspects of the present invention as discussed above. As used herein, the term "computer-
readable storage medium" encompasses only a computer-readable medium that can be

considered to be a manufacture (i.e., article of manufacture) or a machine. Alternatively or
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additionally, the invention may be embodied as a computer readable medium other than a
computer-readable storage medium, such as a propagating signal.

The terms “program” or “software” are used herein in a generic sense to refer to any type
of computer code or set of computer-executable instructions that can be employed to program a
computer or other processor to implement various aspects of the present invention as discussed
above. Additionally, it should be appreciated that according to one aspect of this embodiment,
one or more computer programs that when executed perform methods of the present invention
need not reside on a single computer or processor, but may be distributed in a modular fashion
amongst a number of different computers or processors to implement various aspects of the
present invention.

Computer-executable instructions may be in many forms, such as program modules,
executed by one or more computers or other devices. Generally, program modules include
routines, programs, objects, components, data structures, efc. that perform particular tasks or
implement particular abstract data types. Typically the functionality of the program modules
may be combined or distributed as desired in various embodiments.

Also, data structures may be stored in computer-readable media in any suitable form.
For simplicity of illustration, data structures may be shown to have fields that are related
through location in the data structure. Such relationships may likewise be achieved by assigning
storage for the fields with locations in a computer-readable medium that conveys relationship
between the fields. However, any suitable mechanism may be used to establish a relationship
between information in fields of a data structure, including through the use of pointers, tags or
other mechanisms that establish relationship between data elements.

Various aspects of the present invention may be used alone, in combination, or in a
variety of arrangements not specifically discussed in the embodiments described in the
foregoing and is therefore not limited in its application to the details and arrangement of
components set forth in the foregoing description or illustrated in the drawings. For example,
aspects described in one embodiment may be combined in any manner with aspects described in
other embodiments.

Also, the invention may be embodied as a method, of which an example has been
provided. The acts performed as part of the method may be ordered in any suitable way.

Accordingly, embodiments may be constructed in which acts are performed in an order different
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than illustrated, which may include performing some acts simultaneously, even though shown as
sequential acts in illustrative embodiments.

EEINT3

Use of ordinal terms such as “first,” “second,” “third,” efc., in the claims to modify a
claim element does not by itself connote any priority, precedence, or order of one claim element
over another or the temporal order in which acts of a method are performed, but are used merely
as labels to distinguish one claim element having a certain name from another element having a
same name (but for use of the ordinal term) to distinguish the claim elements.

Also, the phraseology and terminology used herein is for the purpose of description and

nn

should not be regarded as limiting. The use of "including," "comprising," or "having,"

9 el

“containing,” “involving,” and variations thereof herein, is meant to encompass the items listed

thereafter and equivalents thereof as well as additional items.

The present invention is further illustrated by the following Example, which in no way

should be construed as further limiting.

EXAMPLES

Example 1
Introduction

Sjogren's syndrome (SjS) is a chronic systemic human autoimmune disease, yet one
characterized primarily by an immune-mediated reduction and destruction of lacrimal,
meibomian and salivary gland function resulting, respectively, in dry eye (keratoconjunctivitis
sicca / xerophthalmia) and/or dry mouth (stomatitis sicca / xerostomia) diseases (Fox et al.,
2008; Fox, 2005; Hansen et al., 2003; Jonsson et al., 2000; Manthorpe et al., 2006). However,
in addition to the apparent primary sites of autoimmunity in SjS, multiple tissues can develop
pathologies including the lungs, kidneys, GI tract, skin, vasculature, bladder and vagina.
Interestingly, as many as 20% of SjS patients exhibit various neuropathies, including sensory,
peripheral, cranial and myelopathic complications (Delalande et al., 2004), plus various
cognitive impairments such as dementia, lack of concentration, memory loss and various
psychiatric disorders (ranging from depression to anxiety). Depression, loss of energy and
memory impairment, often noted in patients during clinic visits (Belin et al., 1999; Malinow et

al., 1985; Valtysdottir et al., 2000), is referred to as “mental fogginess”, while involvement of
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the musculature can lead to fibromyalgia-like symptoms and chronic fatigue (Fox, 2005;
Manthorpe et al., 2006). Fatigue is considered the most prevalent complaint and believed to be
due to high levels of Interferon (IFN). Increased IFN levels, in turn, activate multiple IFN-
responsive/stimulated genes (IRGs/ISGs) involved in innate and adaptive immune activities,
defining a specific SjS-associated “IFN signature”. Non-limiting examples of IFN-responsive

genes and their gene families are provided in Table 1.

Table 1:
Gene Family Examples of the family genes

IRF Irfl, Irf2, Irf3, Irf4, Irf5, Irf6, Irf7, IrfS, Irf9

ISG Isgl5, Isg20, Isg20l1

IFI/IFHI Ifi27, Ifi30, Ifi44, Ifi203, Ifi204, Ifi35, Ifi47,
Ifi202b, Ifi205, Ifihl

IFIT Ifitl, Ifit3

IFITM Ifitml1, Ifitm5, Ifitm6, Ifitm7, Ifitm2, Ifitm3

IFN-induced GTPase Igtp, ligpl

IFR Ifrdl, Ifrd2, Ifrgl5

TRIM Trim2, Trim6, Trim9, Triml0, Trimll, Triml2,
Trim8, Triml4, Triml6, Trim21(Ro), Triml4,
Triml5, Triml7, Trim30, Trim31, Trim32,
Trim25, Trim28, Trim29, Trim 36, Trim37,
Trim42, Trim45, Trim46, Trim54, Trim39,
Trim4l, Trim44, Trim60, Trim61, Trim63,
Trim65, Trim68, Trim69, Trim47, Trim62,
Trim7, Triml4, Trim23, Trim26, Trim30,
Trim33, Trim34, Trim62, Trim71, Trim75

SOCS Socsl, Socs2, Socs3, Socs4, Socs5, Socs6,
Socs7, Cish

TLR Tirl, Tir2, Tir3, Tlrd, TirS, TIlr6, Tir7, TIrS,
Tir9, Tirl10, Tirll, Tiri2, Tiri3
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Misc. Infl, Inf2, 1112p35, 1112p40, Cd40, Cd40L

One fascinating feature of SjS autoimmunity in both humans and animal models of SjS is
the reported high levels of interferon (IFN), both IFN-o/p and IFN-y (Gottenberg et al., 2006;
Hjelmervik et al., 2005; Kawakami et al., 2007; Kimoto et al., 2011; Peck et al., 2011; Perez et
al., 2009; Spachidou et al., 2007). Although elevated levels of the interferons are often
associated with viral infections, there remained little proof to date that SjS is a viral-based
disease, despite recent observations that genes encoding TLR3, TLR7, TLR9 and factors in both
the TLR- and IFN-signaling pathways are markedly up-regulated prior to disease onset, i.e., the
innate immune phase, and apparently independent of detectable adaptive autoimmunity
(Devauchelle-Pensec et al., 2010; Obermoser and Pascual, 2010; Peck et al., 2011; Wakamatsu
et al., 2007). Furthermore, SjS-susceptible mice expressing non-functional Ifng or IfngR genes
fail to develop any signs of a SjS-like disease (Kimoto et al., 2011; Perez et al., 2009), while
mice expressing a non-functional IfnaR1gene fail to develop the clinical disease (Cha et al.,
2004).

Despite extensive efforts to define the genetic, environmental and/or immunological
basis for human SjS, prior to the instant disclosure, the underlying etiology was poorly-defined,
due, in part, to the fact that patients are currently diagnosed only after onset of overt clinical

disease, sometimes as many as 10 years post-onset.

Cell-autonomous biological processes defined by the SjS IFN-signature

The number of genes being routinely added to the Interferome database (Rusinova et al.,
2013), together with their arrays of functions, underscores the fact that IRGs/ISGs are not
merely activated or suppressed during development and onset of SjS-like disease, but also act as
both positive and negative feedback regulatory molecules to ensure maximum host defenses
against microbial infections while preventing hyperreactivity leading to unwanted host injury.
Furthermore, the IFNs can no longer be viewed as purely anti-viral molecules as IFNs are a
central player in innate immunity that is part of the general inflammatory response to injury.
Prolonged activation of interferon signaling is critical in dealing with chronic infections, not
only for activating an adaptive response, but also for orchestrating cooperative anti-microbial
processes between IRGs/ISGs and autophagic factors that opsonize cytosolic pathogens or

disrupt compartmentalized pathogens to facilitate efficient killing in autophagolysosomes
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(Macmicking, 2012). To this end, unique inducible molecular mechanisms have evolved in
mammalian hosts to counter the many schemes used by microorganisms to gain entry into host
cells and organs. Thus, by studying the multitude of functions displayed by IRG/ISG family
proteins and global transcriptome data, the different IFN-induced cell-autonomous effector
biological processes used to kill and/or clear specific pathogens were identified. The first
consideration in such an analysis is whether the pathogen is compartmentalized, e.g., in
phagocytic vacuoles or pathogen-containing inclusion bodies, or residing freely as a cytosolic
pathogen. The second consideration is whether the make-up of an interferon-signature profile at
the transcription level can identify, first and foremost, a specific molecular mechanism, then a
specific pathogen. As described in the following examples, the transcriptomic analyses of SjS
support the concept that the exocrine tissues are mounting an anti-viral host response and not a

defensive response against bacteria or parasites.

Identification of a candidate etiological agent for SjS defined by the IFN-signature

Analyses of global temporal transcriptome data collected during development of SjS-like
disease in the C57BL/6.NOD-AeclAec2 model of primary SjS defined an unique IFN-signature
that could be used to model molecular events and their biological processes underlying SjS.
Briefly, differential expression of genes involved in altered biological processes and/or
molecular pathways between C57BL/6J and C57BL/6.NOD-AeclAec2 mice at specific time
points correlating with pathological processes in developmental and onset stages of disease were
investigated (FIG. 4). Genes that were differentially expressed in exocrine glands (e.g., lacrimal
and salivary gland tissue) of C57BL/6J and C57BL/6.NOD-AeclAec2 mice between the ages of
4 and 20 weeks (4, 8, 12, 16, and 20 weeks) were identified using Gene Set Enrichment Analysis
(GSEA); atotal of 21,673 genes was analyzed after data collapsing. Leading Edge (LE) analysis
and Network Building were performed to connect Gene Sets (GS) through leading edges.

FIG. 5 depicts data showing biological processes altered (activated/up-regulated) at 8
weeks versus 4 weeks of age in the salivary glands (SG) of C57BL/6.NOD-AeclAec2 mice
compared to C57BL/6J controls.

FIG. 6 depicts data showing biological processes down-regulated at 12-16 weeks versus
8 weeks of age in the GS of C57BL/6.NOD-AeclAec2 mice compared to C57BL/6J controls.
Many GS up-regulated between 4-8 weeks of age are down-regulated at between 8-12 weeks of

age.
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FIG. 7 depicts data showing biological processes altered (activated/up-regulated) at 16

weeks of age in the SG of C57BL/6.NOD-AeclAec2 mice compared to C57BL/6J controls.

Gene sets associated with pre-disease to SjS early onset were examined (FIG. 8).

Analyses identified two GS clusters of interest: IFN-associated processes with structural changes

and protein ubiquitination with cell apoptosis. Specifically, 79 up-regulated GS and 29 down-

regulated GS were identified. The up-regulated GS are characterized by four biological

processes: innate immunity, Insr>mTor signaling, focal adhesion and motility, and cell-cell

junction formation (FIGs. 9-11).

Restricted differential expression of Toll-like receptor genes (71r) and pathogen

recognition receptor (PRR) genes (Tables 2 and 3). With the exception of Ifihl (encoding Mda-

5), no common PRR genes (e.g., NLRs, RAGE, RHLs (Rigl), LGRs, DAI, CLECs) are up-

regulated. Table 4 shows differential expression of IRG in the salivary glands of

C57BL/6.NOD-AeclAec2 mice.

Table 2: Relative gene expressions of the TLRs in C57BL/6J and C57BL/6.NOD-AeclAec2

mice.

Strain TLR1 | TLR2 | TL3 TLR4 TLRS | TLR6 | TLR7 TLRS TLRY9 | TLR12 | TLR13

C57BL/6] 065 [098 [091 | 1.69 1.02 | 1.10 | 146" | 1.39° 110 | 1.00 | 1.22°
p<0.001 p=0.004 | p=0.004 p=0.04

C57BL/6.NOD- | 1.35 094 | 147 1.65 098 | 097 |0.78 0.98 0.89 | 0.99 0.96

AeclAec2

p=0.19 p=0.04 | p=0.02

"Differential gene expression in the salivary glands of mice at 8 weeks of age, time of maximal

expressions.

*Bolded numbers are statistically significantly up-regulated by LIMMA pair-wise comparisons.

Table 3: Example of the interferon gene expression profile in the salivary glands of

C57BL/6.NOD-Aecl Aec2 mice.

Mouse Ifnal | Ifna2 | Ifna4 | Ifna$S | Ifna6 | Ifna7 Ifna9 | Ifnall | Ifnab | Ifnbl | Ifng Ifnz

Line

AeclAec2 | 1.03* | 093 | 0.99 1.28 | 095 1.01 0.98 | 0.99 0.82 1.06 1.00 | 0.99

pvalue= | (0.64) | (0.11) | (0.62) | (0.01) | (0.66) | (0.76) | (0.71) | (0.60) | (0.11) | (0.41) | (0.92) | (0.98)
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C57BL/6] | 1.03 1.05 1.01 1.01 0.89 2.39 1.08 1.50 1.00 1.11 0.88 1.38
pvalue= | (0.86) | (0.29) | (0.74) | (0.42) | (0.22) | (0.008) | (0.53) | (0.27) | (0.96) | (0.27) | (0.08) | (0.07)

Values represent the mean microarray data of n=5 mice at 16 weeks of age: 16 weeks of age was

the only time point with any significant differentially-expressed gene value

Table 4: Example of IFN-responsive genes and their temporal expressions in salivary glands of

C57BL/6.NOD-AeclAec2 mice

Gene Family No temporal change Up-regulated temporal change
IRF Irf2, Irf4, Irf5 Irfl, Irf3, Irfo, Irf7, Irf8, Irf9
ISG Isgl5s, 1sg20 Isg2011

IFI/IFIH Ifi27, Ifi30, Ifi44, 1fi203, Ifi204 Ifi35, Ifi47, Ifi202b, Ifi205, Ifihl
IFIT Ifitl, Ifit3

IFITM Ifitml, Ifitm5, Ifitm6, Ifitm7 Ifitm2, Ifitm3

IFN-induced GTPase - Igtp, ligpl

IFR Ifrdl, Ifrd?2 Ifrgl5

TRIM *# Trimo6, Trim9, Triml0, Trimll, Trimi2, Trim8, Triml4, Triml6,
Triml4, Trim15, Triml7, Trim19(Pml), Trim21(Ro), Trim25, Trim28,
Trim20(Mefv), Trim30(5a), Trim31, Trim32, Trim29, Trim 36, Trim37, Trim39,
Trim 36, Trim37, Trim42, Trim45, Trim46, Trimdl, Trimd4, Trim47, Trim56,
Trim54, Trim60, Trim61, Trim63, Trimo635, Trim62, Trim66
Trim68, Trim69, Trim71, Trim75
A Triml3, Trim24, Trim27, Trim35, Trim40, ® Trim2 Trim3, Trim7, Trimi4,
Trim59, Trim62 Trim23, Trim26, Trim33, Trim34

SOCS Socsl, Socs3, Socs6, Socs7 Socs2, Socs4, Socs5, Cish

* Trim genes that are down-regulated
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® Trim genes that are differentially and temporally up-regulated, but never reaching a p<0.05

statistical value

Although there was previously little proof to date that human SjS is a viral-based disease,
multiple lines of evidence clearly point to the role of a dSRNA viral etiology in the mouse
models described here: (a) an up-regulated expression of 7/r3 and Tlr4, two genes encoding
pathogen recognition receptors (PPRs) that signal through Traf3 via Trif and/or through Traf6
via a Trif-Trim23 complex to activate NF-«xf3 and Irf3/Irf7 transcription of pro-inflammatory
cytokines including IFN, (b) the up-regulation of Ifih/, encoding Mda-5, with a concomitant
down-regulation of Ddx58, encoding Rig-1, (c) the up-regulation of the interferon-responsive
factors Irf3, Irf7, Irf8 and Irf9 critical for transcription of a vast variety of genes, and (d) the
down-regulation of 7rim27, Trim30 and Trim40 with concomitant up-regulation of 7rim8,
Trim21 (encoding Ro52), Trim25 and Trim56, whose proteins impact viral replication and
regulate aspects of innate immunity. While additional genes exist within each of these gene
families that also exhibit differential expressions (Jefferies et al., 2011), the genes mentioned
point directly to two important concepts: the first questions whether SjS might be a viral-
induced autoimmunity, while the second suggests that the cytokine storm exhibited in this
disease is under the direction of regulatory Trim molecules.

With respect to the first point, the three activated pathogen-recognition receptors (PRRs)
in this model (TIr3, Tlr4 and Mda-5) are receptors involved in the recognition of dsRNA viruses.
No other PRR (or class of PRRs) have been found to be activated in this model, including Nod,
Nalp, Ipaf, Naip, Rage, Rxfp1, and Dai receptors. Of particular interest, however, is the fact that
Mda5 (Ifihl), but not Rigl (Ddx58), is up-regulated coordinately with 77r3. Rig-1 tends to
recognize viruses of the Paramyxoviridae family (e.g., mumps, measles, respiratory syncytial
and parainfluenza viruses), while Mda-5 tends to recognize viruses of the Picornaviridae family
(e.g., coxsackie, encephalomyocarditis and rhinoviruses) or Reoviridae family (e.g., rotovirus).

The second point, that Trim molecules may be directing both the molecular mechanisms
underlying the cytokine storm observed in SjS patients and the transition from an enhanced
innate response to an adaptive autoimmune response, is supported by the Trim gene expression
profile present in the exocrine glands (Jefferies et al., 2011). In essence, the three Trim
molecules (Trim27, Trim30 and Trim40), whose gene expressions are down-regulated, function

to suppress the signal transductions of the TIr4, Tlr3 and Mda5 signaling pathways at various
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signaling points. In contrast, the genes encoding Trim21, Trim23, Trim25 and Trim56, four
molecules whose functions are to up-regulate the TIr3, Tlr4 and Mda5 pathways at different
signaling steps, are each up-regulated. In addition, the gene encoding 7rim8, whose function is
to suppress the action of the Socs (Suppressor of cytokine synthesis) molecules (Toniato et al.,
2002) is strongly up-regulated. A graphic depiction of Socs vs. Trim regulation of innate and
adaptive immunity is shown in FIG. 1. Additionally, FIG. 12 provides a schematic depiction of
the interferon signature of TLRs and Trims in SjS.

Taken as a whole, this interferon signature indicates up-regulation of pathways leading to
strong transcription of pro-inflammatory cytokines, interferons and molecules known to activate
adaptive responses (e.g., IL6, IL12p40, Rantes, CD40, CD80 and CD56). For example, FIG. 13
shows interaction of the IFN-pathway with TAM receptor tyrosine kinase (TAM-RTK)-
encoding genes, which down regulate inflammation (e.g., IFN cytokine activity) by blocking
activation of Traf molecules by TLR complexes. Specifically, expression of TAM-RTK genes
(Gas6, Mertk, and ADAM10) is upregulated in C57BL/6.NOD-AeclAec2 mice compared to
C57BL/6J controls, confirming the lack of a down-regulated innate immune response in SjS.

In another example, the TGFp response was investigated. Znf512f (also referred to as
ZnF-36 and ZFP-512B) regulates microRNA cluster 17-92 and is known to down-regulate the
TGFp canonical pathway and increase apoptosis (FIG. 14). Differential expression of the zinc
finger protein 512B (Znf5123)-Myc-TGFp gene axis in lacrimal glands of B6.NOD-Aec/Aec2
mice was examined. Data indicates that both Znf512f and TGFp, as well as p21, Mapk14, Ctgr,
Tspl, Smad4, Pten, Bcl2111 and Stat3, are upregulated in B6.NOD-AeclAec2 mice (FIG. 15).
Therefore, interferon signature analysis identifies pathways that lead down to the transcriptional

level of a disease.

Comparison between mouse and human SjS-associated IFN-signatures

Genes used to establish the SjS interferon signatures in both mouse and humans overlap,
even though the specific underlying etiologic agents are now suspected to be species-specific
dsRNAs. IRGs/ISGs that have thus far been reported as differentially-expressed in human SjS
patients by several groups (Devauchelle-Pensec et al., 2010; Emamian et al., 2009; Gottenberg
et al., 2006; Hjelmervik et al., 2005; Kimoto et al., 2011; Perez et al., 2009; Wakamatsu et al.,
2007) include IRF7, MX1, GIP2, GIP3, OASI, OAS2, PKR, IF116, IFI27, IFI30, IFI35, IFI44,
ISG20, ISG56K, IFITI, IFIT2, IFIT4, IFITM1, IFITM3, IP10/CXCL10, APOBEC3,
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SAMHDI,TETHERIN, VIPERIN and STAT]a, the majority of which are also represented in the
differentially-expressed genes up-regulated in the exocrine glands of the C57BL/6.NOD-
AeclAec2 mice (Peck and Nguyen, 2012). This overlapping set of differentially-expressed
genes must be considered an important subset of responsive genes that point to specific and
shared etiopathological processes.

While it is natural to focus on the many similarities in the IFN-associated gene sets
differentially-expressed in human SjS patients and SjS-susceptible C5S7BL/6.NOD-AeclAec2
mice, there are also important differences. A few that stand out include expression profiles for
Irf8, Ifi202b - Ifi205 encoding the p200 family molecules, and the three interferon-inducible
genes, Ifi27, Ifi30 and Ifi44. For example, the Irf8 gene, which encodes a factor that is involved
in myeloid differentiation and Fas-mediated apoptosis, as well as B cell development and
transcriptional regulation of germinal center formation (Wang and Morse, 2009), deserves
attention due its highly up-regulated expression in the C57BL/6.NOD-AeclAec2 mice. Earlier
studies postulated that myeloid cells enter the exocrine glands during the early innate response
(8-12 weeks of age) in response to Fas-FasL-mediated apoptosis of acinar tissue, while B cells
enter the salivary glands transiently during the adaptive immune phase (post-16 weeks of age).
Interestingly, the temporal expression profile of /rf8 showed a bimodal profile, in line with this
hypothesis. The inability to detect an up-regulated expression of /RF8 in SjS patients is an
interesting aspect to examine further, as binding of the transcriptional factor PU.1 to Irf8 leads to
up-regulation of OAS1 and/or OAS2, two molecules that can bind and degrade dsRNA viral
RNA (Rogozin et al., 2003), and are highly up-regulated in SjS patients. In contrast, the p200
molecules, encoded by the [fi200 family of genes, are known to sense cytoplasmic DNA, leading
to the formation and activation of inflammasomes with subsequent production of anti-nuclear
antibodies (Choubey et al., 2010). Although there was an Ifi202b up-regulated gene expression
in the exocrine glands of C57BL/6.NOD-AeclAec2 mice, there is no evidence for activation of
inflammasomes in these mice, in contrast to their comparative SjS-non-susceptible C57BL/6J
partners. Lastly, whereas IFI27, IFI30 and IFI44 have been consistently found to be up-
regulated in SjS patients (Devauchelle-Pensec et al., 2010; Emamian et al., 2009; Hjelmervik et
al., 2005; Kimoto et al., 2011), these three Ifi genes with distinct functions were not found to be
differentially-expressed in the exocrine glands of C57BL/6.NOD-Aec/Aec2 mice. Considering
IFI44 is associated with HCV and RSV infections, this difference between humans and mice lies

in the fact that the underlying etiological agent(s) of SjS in these two species is different and
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invokes different environmental triggers. Interestingly, IFI44L was identified as a marker gene
in RA (Raterman et al., 2012). These data support the concept that an individual gene or gene
product is insufficient to accurately identify the underlying molecular mechanisms that permit
identification of a specific disease. Thus, differentially-expressed gene sets common to both
species indicate activation of similar pathways of immunopathological processes, highlighting
the fact that both similarities and differences in the IFN-signatures are critical to understanding

the small nuances of molecular events associated with disease.
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CLAIMS

What is claimed is:

1. A diagnostic array, comprising

a substrate with a surface comprising a plurality of locations, wherein:

each of the plurality of locations comprises at least one oligonucleotide attached to the
substrate at a predetermined location,

each location of the plurality of locations comprises at least one material targeting an
interferon-regulated gene (IRG), and

the material at the plurality of locations target at least 100 interferon-regulated genes.

2. The substrate of claim 1, wherein the surface comprises between 1 material and between

5 materials that target a non-IRG.

3. The substrate of claim 1, wherein the surface does not comprise material targeting non-
IRGs.

4. The substrate of any one of claims 1 to 3, wherein the at least one material is an
oligonucleotide.

5. The substrate of any one of claims 1 to 4, wherein the surface comprises at least 200, at

least 300, at least 400, at least 500, at least 750, at least 1000, or at least 1200 oligonucleotides,

wherein each oligonucleotide targets a different interferon-responsive gene (IRG).

6. The substrate of any one of claims 1 to 5, wherein the IRGs are type-I interferon

responsive genes.

7. The substrate of any one of claims 1 to 6, wherein at least one oligonucleotide targets a

gene selected from the Interferome Database.

8. The substrate of any one of claims 1 to 7, wherein each of the at least one

oligonucleotides is the same length.
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9. The substrate of any one of claims 1 to 8, wherein at least two oligonucleotides are not
the same length.
10. The substrate of any one of claims 1 to 9, wherein the at least one oligonucleotide is a

plurality of oligonucleotides, wherein each oligonucleotide is the same length.

11. The substrate of any one of claims 1 to 10, wherein each location occupies a space of less

than 1 cm” on the substrate.

12. The substrate of claim 11, wherein each location occupies a space of less than 1 prn2 on

the substrate.

13. The substrate of any one of claims 1 to 12, wherein the substrate is glass.
14. The substrate of any one of claims 1 to 12, wherein the substrate is plastic.
15. The substrate of any one of claims 1 to 14, for use in identifying interferon signature in a

sample obtained from a subject having or suspected of having a disease.

16. A method for identifying an interferon signature, the method comprising:

1. contacting the substrate of any one of claims 1 to 14 with a sample comprising
nucleic acids obtained from at least one cell (e.g., sample);

ii. determining the gene expression profile of the sample by detecting hybridization
of the nucleic acids to the substrate, wherein the gene expression profile identifies
the expression level of a plurality of interferon-related genes (IRGs) relative to
the expression level of a plurality of IRGs in a healthy control cell; and,

1ii. assigning an interferon signature to the sample based upon the gene expression

profile of the sample.

17. The method of claim 16, wherein the cell (e.g., sample) is obtained from a subject having

or suspected of having a pathological condition.
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18. The method of claim 17, wherein the pathological condition is an interferon-related

disease.

19. The method of any one of claims 16 to 18, wherein the IRGs are type-I IRGs.

20. The method of any one of claims 16 to 19, wherein the cell is derived from blood, or a

tissue biopsy.

21. The method of any one of claims 16 to 20, wherein the nucleic acid is DNA.

22. The method of any one of claims 16 to 21, wherein the plurality of IRGs comprises at
Ieast 200, at least 300, at least 400, at Ieast 500, at least 750, at least 1000, or at Ieast 1500 IRGs.

23. The method of any one of claims 16 to 22, wherein the interferon signature identifies

IRGs having upregulated expression levels relative to healthy control cells.

24. The method of any one of claims 16 to 23, wherein the interferon signature identifies

IRGs having down regulated expression levels relative to healthy control cells.

25. The method of any one of claims 16 to 24, wherein the method further comprises
comparing the interferon signature to a database, wherein the database comprises known

interferon signatures associated with molecular events.

26. The method of claim 25, wherein the method further comprises assigning a molecular
event to the interferon signature of (iii) if the interferon signature of (iii) matches an interferon

signature in the database.

27. A method for determining a personalized therapeutic regimen for a subject, the method
comprising:
1. obtaining a sample from a subject;

ii. determining an interferon signature of the sample;
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1ii. with at least one processor, comparing the interferon signature of the sample to a
database of known interferon signatures, wherein each interferon signature of the
database is associated with a molecular event;

1v. assigning the interferon signature of the sample to a molecular event, wherein the
assignment is made by matching the interferon signature of the sample to an
interferon signature of the database ; and,

v. prescribing a therapeutic regimen based upon the molecular event assigned to the

interferon signature of the sample.

28. The method of claim 27, wherein the interferon signature of the sample is determined by

the method of any one of claims 16 to 24.

29. The method of claim 27, wherein the interferon signature of the sample is determined by
identifying a gene expression profile, wherein the gene expression profile is identified by
detecting hybridization of nucleic acids in the sample to a plurality of IRG-detecting materials in

a solution.

30. The method of claim 29, wherein the IRG-detecting materials are oligonucleotide probes.

31. The method of claim 29 or 30, wherein each IRG-detecting material specifically
hybridizes to a type-1 IRG.

32. The method of claim 27, wherein detecting the interferon signature is performed by

detecting a gene expression profile by nucleic acid sequencing or protein sequencing.

33. The method of claim 32, wherein the nucleic acid sequencing is DNA sequencing or

RNA sequencing.

34. The method of claim 32 or 33, wherein detecting the gene expression profile further

comprises analyzing the sequencing data by gene set enrichment analysis (GSEA).
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35. The method of any one of claims 27 to 34, wherein the database comprises only type-I
interferon signatures.
36. The method of any one of claims 27 to 35, wherein the database comprises at least 200,

at least 500, at least 1000, or at least 1500 interferon signatures.

37. The method of any one of claims 27 to 36, wherein the database comprises at least 10, at
Ieast 20, at least 50, at least 100, at Ieast 200, at least 500, at least 1000, at least 5000, at least
10000, at least 20000, or up to about 30000 molecular events.

38. The method of any one of claims 27 to 37, wherein the therapeutic regimen comprises
administering a molecule that modulates the molecular event assigned to the interferon signature

of the sample to the subject.

39. The method of any one of claims 27 to 38, wherein the subject is a human.
40. A system for identifying an interferon signature in a sample, comprising:
(1) a substrate from any one of claims 1 to 14;

(i1) a microarray scanner;
(iii))  a computer; and

(iv)  adatabase containing interferon signatures and associated diseases.

41. The system of claim 40, further comprising a second database containing a plurality of

diseases and associated therapeutic regimens for each disease.

42. The system of claim 40 or 41, comprising a third database containing interferon

signatures and associated molecular events.

43. The system of claim 41 or 42, wherein the database, second database and/or third

database are electronically connected.
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