BIOMARKERS FOR LIVER FIBROTIC INJURY

CROSS REFERENCE TO RELATED APPLICATIONS
[001] The present invention is related to and claims the benefit of, under U.S.C. §119(e), U.S.
provisional patent application Serial No. 60/761,959, filed on January 24, 2006, which is expressly
incorporated fully herein by reference.
FIELD OF THE INVENTION
[002] Herein described are methods of detecting liver fibrosis and/or cirrhosis based on the
differential expression of various proteins, and kits for diagnosing fibrosis and/or cirthosis.

BACKGROUND

[0031 Liver fibrosis represents a continuous disease spectrum characterized by an increase in
total liver collagen and other matrix proteins that disrupt the architecture of the liver and impair liver
function (1, 2). The progression of fibrosis in the liver is a response to necroinflammatory changes. The
overall liver fibrosis process is one of dynamic inflammation and tepair and has the potential to be
resolved (3). Fibrosis is seen as scar formation in the patient’s liver. When the liver becomes
permanently injured and scarred, the condition is called cirrhosis.

f004] Liver fibrosis and/or cirrhosis are the major risk factors of hepatocellular carcinoma
(HCC). A range of factors, such as hepatitis B virus (HBV), hepatitis C virus (HCV), hepatotoxins,
metabolic disorders and alcoholism, can induce both liver fibrosis and/or cirrhosis, which share similar
phenotypes (3-7), with cirthosis being the end-stage of fibrosis. However, it is not clear what types of
genes are involved or how they act when liver injury and repair occur. Moreover, the cirrhosis caused by
these risk factors often progresses insidiously, Patients with end-stage liver cirthosis can die within one
year unless they accept liver transplantation, which has a 75% five-year survival rate (3).

[005] Previous biochemical studies have reported that there are 39 well-known fibrosis or

cirrhosis markers (3, 8, 9), but some markers are obtained through invasive sampling.
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[006] Studies for additional markers have proceeded based on microarray analysis of
transcriptomes as well as quantitative proteomics. Microarray technologies have been widely used for
comprehensive gene expression analysis. In particular, large-scale microarray analysis of gene
expression enables researchers to analyze simultaneous changes in thousands of genes and identify
significant patterns (10, 11). To date, the most widely used technologies in differential proteomics
research were two-dimensional gel electrophoresis (2DE) and liquid chromatography-based isotope-
coded affinity tagging (ICAT) technologies (12). Recently, a variation of the ICAT technology, iTRAQ
(isobaric tags for relative and absolute quantitation), has been introduced. Both ICAT and iTRAQ
tagging permit online identification of multiple markers and relative quantification of these proteins.

SUMMARY OF THE INVENTION

[007] The inventors have used differential analysis such as microarray mRNA expression
profiling and quantitative protein profiling to find additional unique and identifiable signatures
potentially valuable for the diagnosis and treatment of liver fibrosis and/or cirthosis.

[008] The invention provides a method of detecting liver fibrosis and/or cirrhosis comprising
obtaining a biclogical sample from a patient and assaying the sample for differential expression of at
least one gene encoding a protein chosen from SEQ ID NO: 1 — SEQ ID NO: 63 and human orthologs
thereof, wherein the differential expression of at least one gene suggests the presence of liver fibrosis
and/or cirrhosis.

[009] Also provided is a method of detecting liver fibrosis and/or cirrhosis by assaying the
biological sample for differential expression of the human orthologs described above, wherein the human
orthologs comprise at least one gene encoding a protein chosen from SEQ ID NO: 64 — SEQ ID NO: 120.

[010] Also provided is a kit for diagnosing liver fibrosis and/or cirrhosis, which comprises one
or more nucleic acid probes that hybridize to nucleic acid molecules of at least one gene encoding a
protein chosen from SEQ ID NO: 1 — SEQ ID NO: 63 and human orthelogs thereof and packaging

indicating use for detection of liver fibrosis and/or cirthosis.
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[011] In addition, a kit is provided for diagnosing liver fibrosis comprising one or more nucleic
acid probes as described above, wherein the human orthologs comprise at least one gene encoding a
protein chosen from SEQ ID NO: 64 — SEQ ID NO: 120.

[012] The invention further provides a kit for diagnosing liver fibrosis and/or cirrhosis that
comprises one or more antibodies that specifically bind to at least one protein encoded by a sequence
chosen from SEQ ID NO: 1 — SEQ ID NO: 63 and human orthologs thereof, and packaging indicating
use for detection of liver fibrosis and/or cirrhosis.

[013]) Also provided is a kit for diagnosis of liver fibrosis and/or cirrhosis comprising one or
more antibodies as described above, wherein the human orthologs comprise at least one gene encoding a
protein chosen from SEQ ID NO: 64 — SEQ ID NO: 120.

[014] The invention also provides a method of identifying a compound that decreases the
differential expression of at least one gene encoding a protein chosen from SEQ ID NO: 7 - SEQ ID NO:
23 and SEQ ID NO: 42 — SEQ ID NO: 63 and human orthologs thereof, comprising providing a cell
expressing at least one of the aforementioned genes, contacting the cell with a test compound, and
determining whether the differential expression of the at least one gene is decreased in the presence of
the test compound, wherein the decreased differential expression is an indication of halting or reversing
liver fibrosis and/or cirrhosis.

[015] The invention further provides a method of identifying a compound that increases the
differential expression of at least one gene encoding a protein chosen from SEQ ID NO: 1 - SEQ ID NO:
6 and SEQ ID NO: 24 — SEQ ID NO: 41 and human orthologs thereof, comprising providing a cell
expressing at least one of the aforementioned genes, contacting the cell with a test compound, and
determining whether the differential expression of the at least one gene is increased in the presence of the
test compound, wherein the increased differential expression is an indication of halting or reversing liver

fibrosis and/or cirrhosis.



{016] Additional objects and advantages of the invention will be set forth in part in the
description which follows, and in part will be obvious from the description, or may be learned by practice
of the invention. The objects and advantages of the invention will be realized and attained by means of
the elements and combinations particularly pointed out in the appended claims,

[017] Itis to be understood that both the foregoing general description and the following
detailed description are exemplary and exﬁlanatory only and do not limit the invention as claimed.

[018] The accompanying drawings, which are incorporated in and constitute a part of this
specification, illustrate several embodiments of the invention and together with the description, serve to
explain the principles of the invention.

SUMMARY OF THE TABLES

[019] Table 1 is the result of a biochemical analysis of the serum of rats treated with
dimethylnitrosamine (DMN) as compared with that of the control rats over a six-week time period.

[020] Table 2 is a list of genes showing significant changes in gene expression and their human
orthologs. The genes were selected from the combined results of microarray analysis and quantitative
proteomic analysis and those whose relationship to fibrosis are not yet disclosed in public literature.

[021] Table 3 is the resuli of interacting network analysis for the proteins showing significant
changes in expression in oligonucleotide microarray (Table 3A) and iTRAQ proteomic (Table 3B}
studies. Proteins in the network identified in the present study which have not previously been reported
to associate with liver injury are shown in bold.

BRIEF DESCRIPTION OF THE DRAWINGS

[022] Figure 1A is a schematic illustration of DMN treatment for inducing fibrosis in rats. Each
rat was either injected with DMN three times per week for three consecutive weeks (shown as inverted
triangles) or with normal saline as control. Rats were weighed and sacrificed each week (shown as
triangles, starting on day 11, which is referred to as first week, until week six). Blood samples were

collected for biochemical assays (summary in Table 1} and livers were excised and weighed. Livers
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were then either fixed in formaldehyde for histopathology or used to isolate RNA and protein for
microarray and iTRAQ proteomic studies, respectively.

[023] Figure 1B is the quantitative real-time PCR (Q-RT-PCR) result of TgfB/ (transforming
growth factor-gl) in DMN-treated rats, showing a higher level of TgfBI expression, the strongest known
inducer of fibrogenesis,

[024] Figure 2A shows the histopathological examination results of liver tissues from DMN-
treated rats. The representative phenotype of the rat liver tissue was characterized by scoring the four
histopathological features as follows: the necrosis scores are from NO to N3 (the first row), the
inflammation scores are from 10 to I3 (the second row), the fibrosis scores are from FO to F3 (the third
row), and the fatty change scores are presence or absence (+ and -) in the last row.

[025] Figure 2B is a summary of the histopathological scores for the rat model. The results are
ranked by time course. The necroinflammatory change is divided into three grades: AC=none, A(1-3)=
mild and A(4-6)= moderate necroinflammatory. The fibrosis change is divided into two grades: F(0-1)=
normal to fibrous expansion of portal tracts, F(2-3)= bridge fibrosis to frequent bridging fibrosis with
nodule formation. The fatty change is shown as presence or absence (+/-). The number of rats is counted
and used to calculate the percentage of rats in each histopathological level at each time point.

[026] Figure 3A shows the dendrogram of two hundred and fifty-six (256) gene expression
patterns from the DMN-induced fibrosis model in rats.

[027] Figure 3B shows the comparison of TimpI (tissue inhibitor of metalloproteinase 1)
expression between the Q-RT-PCR result and the microarray data, and a good concordance between the
two results is shown. For the Q-RT-PCR assay of Zimp 1, expression levels (marked by the square) are
relative to the mean of all gene expression, and are measured by the log scale on the right side of the plot.
The expression levels of two Timpl transcripts, rc_AI169327_at and rc_AI169327_g_at (marked by
circle and triangle), are relative to the mean of all gene expression levels, and are measured by the scale

indicated on the left side of the plot.



[028] Figure 4A shows the vimentin expression ratios in DVN-treated and control rats at 2, 4,
and 6 weeks as determined by iTRAQ proteomics, Vimentin expression increased 2.4- to 3.4-fold in the
liver when rats were treated with DMN.

[029] Figure 4B shows the result of Western blot analysis of DMN-induced vimentin expression.
The observed result matched with the trend measured by mass spectrometry in iTRAQ protcomic
experiments.

[030] Figure 5 shows the result of Westemn blot analysis comparing the expression of carbonic
anhydrase I in human sera from normal volunteers and from patients with hepatitis B-related cirrhosis.

DESCRIPTION OF THE EMBODIMENTS
Definitions

[031] As used herein, the term “biological sample” refers to any biological material collected
from cells, tissues, or organs of the subject. The source of the biological sample may vary depending on
the particular symptoms present in the subject to be diagnosed. The biological sample may be analyzed
immediately after it is taken, or stored. If stored, the sample may be equilibrated with an appropriate
storage buffer, and kept at 4°C, at -20°C, at -70°C, or even in cryogenic liquids, such as liquid nitrogen
or liquid helium. In one embodiment, the biological sample may consist of blood, serum, or plasma. In
another embodiment, the biological sample may consist of a biopsy or tissue sample. In additional
embodiments of the invention, the biological sample may consist of aminotic fluid, milk, saliva,
cerebrospinal fluid, lymph, sweat, mucus, synovial fluid, lacrimal fluid, or other clinical specimens or
samples.

[032] As used herein, the term “patient” refers to a mammalian animal, including but not limited
to human, primates, domestic mammals, laboratory mammals, etc.

[033] As used herein, the term “differential expression” refers to gene expression on the

RNA/mMRNA level, protein level, or both RNA/mRNA and protein levels as compared to normal gene



expression, e.g., an increased or decreased gene expression on the RNA/mRNA tevel, protein level, or
both RNA/mRNA and protein levels.

[034] As used herein, the terms “gene” and “gene encoding a protein” refer to any nucleic acid
sequence or portion thereof with a functional role in encoding or transcribing a protein. The gene may
encompass all the nucleic acids responsible for encoding a functional protein of certain SEQ ID NO or
only a portion of the nucleic acids responsible for encoding or expressing a protein of certain SEQ ID
NO. The mucleic acid sequence may contain normal sequences as well as genetic abnormalities within
exons, introns, initiation or termination regions, promoter sequences, other regulatory sequences or
unique adjacent regions to the gene.

[035] As used herein, the term “human ortholog” refers to a corresponding human gene wherein
the non-human gene and the human gene are derived from a single ancestral gene in the last common
angcestor of human and non-human, and the human genes have the same function.

[036] As used herein, the term “probes” refers to hybridization probes that are oligonucleotides
that bind in a base-specific manner to a complementary strand of nucleic acid. Such probes also include
peptide nucleic acids, as described in Nielsen et al., 1991, (13), and other nucleic acid analogs and
nucleic acid mimetics. See, e.g., U.S. Pat, No. 6,156,501, which is incorporated herein by reference.

[037] As used herein, the term “nucleic acid” refers to any DNA or RNA/mRNA, for example,
chromosomal, mitochondrial, viral and/or bacterial nucleic acid present in tissue sample as well as
synthetic nucleic acids. The term “nucleic acid” encompasses either or both strands of a double stranded
nucleic acid molecule and includes any fragment or portion of an intact nucleic acid molecule.

[038] As used herein, the term “packaging” refers generally to packaging material comprising
external labeling and internal material in the container, including but not limited to instructions for using
the kit.

[039] As used herein, the term “antibody,” refers to an immunoglobulin or a fragment or a

derivative thereof, and encompasses any polypeptide comprising an antigen-binding site, whether
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produced ir vitro or in vivo. The term includes, but is not limited to, polyclonal, monoclonal,
monospecific, polyspecific, humanized, single-chain, chimeric, synthetic, recombinant, hybrid, mutated,
and grafted antibodies. The term “antibody” also includes antibody fragments such as Fab, F(ab’)z, Fv,
scFv, Fd, dAb, and other antibody fragments that retain antigen-binding function, i.e., the ability to bind
a specific antigen. Typically, such fragments would comprise an antigen-binding domain, i.e., a part of
an antibody molecule that comprises amino acids responsible for the specific binding between the
antibody and the antigen. An antigen-binding domain typically comprises an antibody light chain

variable region (V1) and an antibody heavy chain variable region (Vyy), however, it does not necessarily
bave to comprise both. For example, a so-called Fd antibody fragment consists only of a V[ domain, but

still retains some antigen-binding function of the intact antibody.

[040] As used herein, the term “specifically binds,” or the like, means that two molecules form a
complex that is relatively stable under physiologic conditions (e.g., a stable antigen/antibody complex).
The term is also applicable where, for example, an antigen-binding domain is specific for a particular
epitope, which is found on a number of molecules. Thus, an antibody may specifically bind multiple
proteins when it binds to an epitope present in each. Specific binding is characterized by a selective
interaction, often including high affinity binding with a low to moderate capacity. Nonspecific binding is
usually a less selective interaction, and may have a Jow affinity with a moderate to high capacity.
Typically, binding is considered specific when the affinity is at least 10° M, 10° M, 10" M or 10° M™.
If necessary, non-specific binding can be reduced without substantially affecting specific binding by
varying the binding conditions. Such conditions are known in the art, and a skilled artisan using routine
techniques can select appropriate conditions. The conditions are usually defined in terms of
concentrations of antibodies, ionic strength of the solution, temperature, time allowed for binding,
concentration of non-related molecules (e.g., blocking agents such as serum albumin or milk casein), and

so forth, See, e.g., Morgan et al., “The Matrix Effects on Kinetic Rate Constants of Antibody-Antigen



Interactions Reflect Solvent Viscosity,” J. Jmmunol. Meth. 217:51:60 (1998); and Zhuang et al.,
“Measurement of Association Rate Constant of Antibody-Antigen Interactions in Solution Based on
Enzyme-Linked Immunosorbent Assay,” J. Biosci. Bioeng. 92(4):330-336 (2001).

[041] As used herein, the term “protein” refers to a polymeric form of any length of amino acids,
which can include naturally-occurring or synthetic amino acids and coded and non-coded amino acids,
peptides, depsipeptides, polypeptides with cyclic, bicyclic, depsicyclic, or depsibicyclic peptide
backbones, single chain protein as well as multimers, as well as any fragment or portion of the intact
protein molecule,

[042] As used herein, the term “compound” refers to a substance comprising one or more
chemical elements in any proportion and of any structure, including but not limited to cyelic, bicyclic,
branched or straight chain. The compound may be organic or inorganic. The compound also refers to a
composition comprising one or more chemical elements, one or more herbal/plant elements or
herbal/plant exiractions, or both chemical elements and herbal/plant elements or extractions.

Embodiments

[043] Chronic liver disease is a common and potentially lethal problem in Asia. The
development of hepatocellular carcinoma (HCC) is generally preceded by hepatic cirrhosis, which occurs
at the end stage of fibrosis. The same proteins are expressed in both cirrhosis and fibrosis. Changes in
gene expression of these proteins during liver fibrosis are examined to identify markers of liver fibrosis
fo assist in the diagnosis of fibrosis and/or cirthosis. The study begins with the establishment of a liver
fibrosis model. Dimethyinitrosamine (DMN]}, a non-genotoxic hepatotoxin, is used to induce rat
necroinflammatory and hepatic fibrosis, as described in Jezequel A.M. ef al. (14}, which is a known
model for studying human liver damage (15). During a six-week time course, histopathological,
biochemical and quantitative RT-PCR analyses confirmed the incidence of hepatic fibrosis in the rat

model system.



[044] The microarray and the iTRAQ quantitative proteomics technology were used. The
iTRAQ technology permits the identification of multiple proteins at the same time as well as the relative
quantification of these proteins. Applied Biosystems iTRAQ Reagents are a multiplexed set of four
jsobaric reagents. The four reagents are amine-specific and yield labeled peptides. The labeled peptides
are identical in mass and hence also identical in single MS mode. They produce strong, diagnostic, low-
mass MS/MS signature ions allowing for quantification of up to four different samples simultaneously.
Quantification is performed via the differences in abundance of four product ions, i.e., product ions
weighing 114, 115, 116, and 117 daltons that are each cleaved from one of the four possible tags. Since
all peptides are tagged, proteome coverage is expanded and analysis of multiple peptides per protein
improves the confidence in those identified (16). The multi-sample capability of the iTRAQ technology
provides a way to compare the protein expression profile of different liver states simultancously.

{045] The model employed in the present study is very similar to the human liver study model,
and thus findings from this study can have human clinical applications. This study employed DMN, a
potent non-genotoxic hepatotoxin, to simulate liver fibrosis (17, 18). DMN has been demonstrated to
induce liver damage rapidly and also has been empirically proven to be useful for the study of human
fibrosis formation (14-15, 19) as mentioned above. Also, the serum markers that showed significant
differences in expression in the rat liver fibrosis model established in this study as compared to the
conirols, see Table 1, are the same serum markers for human liver fibrosis, e.g., the thirteen serum
markers of albumin, glutamic oxaloacetic transaminase (GOT), glutamic pyruvic transaminase (GPT),
total bilirubin, alkaline phosphatase (AKP), acid phosphatases (ACP), o-fetoprotein (AFP), blood urea
nitrogen (BUN), cholesterol (CHQL), lactate dehydrogenase (LDH), globulin, prothrombin time (PT)
and blood platelets (PLT). Thus, the markers identified from this study can be used to diagnose liver

fibrosis and/or ¢irrhosis in humans.
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Detection Methods

[046] The present study identified nearly 97 genes as biomarkers for liver fibrotic injury.
Results of a PubMed literature search indicate that approximately 30 % of the differentially expressed
genes identified in this study by microatray and proteomics approach had been proven to be related to
fibrosis or cirthosis. The remaining 70% are not yet reported in any literature. Combining all the
information obtained by both microérray and quantitative proteomics technology, sixty-three (63) genes
were selected, all of which showed significant changes in expression between DMN-treated and DMN-
untreated groups, but have not been previously reported in any literature in relation to liver fibrosis or
cirrhosis (Table 2). The 63 genes in DMN-treated rats have a difference in gene expression on the
RNA/mRNA level and/or the protein level when compared to normal gene expression. Some genes are
up-regulated while others are down-regulated. Those 63 rat genes were converted into their human
ortholog genes according to the ortholog assertions from the EnsEMBL and HomoloGene database
(Table 2 - SEQ ID NO: 1 - SEQ 1D NO: 120).

[047] Thus the invention provides a method for detecting liver fibrotic injury based on the liver
injury-related differential gene expression study described herein. In the detection method, differential
expression of a gene encoding a protein includes differential expression of the full length gene encoding
a full length protein or a portion of the gene encoding a portion of the protein.

[048] Accordingly, the invention provides a method of detecting liver fibrosis and/or cirrhosis
comprising obtaining a biclogical sample from a patient, and assaying the sample for differential
expression of at least one gene encoding a protein chosen from SEQ ID NO: 1 to SEQ ID NO: 63 and
human orthologs thereof, wherein the differential expression of at least one gene suggests the presence of
liver fibrosis and/or cirrhosis. In another embodiment, the invention provides a method of detecting liver
fibrosis and/or cirrhosis by assaying the sample for differential expression of at least one gene encoding a

protein chosen from the human orthologs comprising SEQ ID NO: 64 to SEQ ID NO: 120.
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[049] Human orthologs of proteins identified in this study can be derived from the search using
genc/protein on the Ensembl database at http://www.ensembl.org/Rattus_norvegicus/ together with the
HomoloGene NCBI database at http://www ncbi.nlm.nih.gov/entrez/query.fcgi?db=homologene.

[050] In the practice of this invention, differential gene expression may be assayed by
transcription analysis or quantitative proteomic analysis such as microarray, Q-RT-PCR, ICAT and
iTRAQ, or any other appropriate methods known to one skilled in the art.

[051] In another embodiment, the invention relates to assaying the up-regulation or increased
expression of one or more genes encoding a protein chosen from SEQ ID NO: 7 — SEQ ID NO: 23 and
SEQ ID NO: 42 — SEQ ID NO: 63 and human orthologs thereof, wherein the increased expression
suggests the presence of liver fibrosis and/or cirrhosis. In yet another embodiment, the invention relates
to assaying for the increased expression of at least one gene encoding a protein chosen from the human
orthologs comprising SEQ ID NO: 68 - SEQ ID NO: 82 and SEQ ID NO: 100 - SEQ ID NO: 120.

[052} The invention also provides, in another embodiment, assaying for the down-regulation or
decreased expression of one or more genes encoding a protein chosen from SEQ ID NO: [ — SEQ ID NO:
6 and SEQ ID NO: 24 — SEQ ID NO: 41 and human orthologs thereof, wherein the decreased expression
suggests the presence of liver fibrosis and/or cirrhosis. In yet another embodiment, the invention relates
to assaying for the decreased expression of at least one gene encoding a protein chosen from the human
orthologs comprising SEQ ID NO: 64 — SEQ ID NO: 67 and SEQ ID NO: 83 - SEQ ID NO: 99.

[053] The invention also provides a clustering of the genes by functional groups. Thus, the
invention provides a method of detecting liver fibrosis and/or cirrhosis comprising assaying a biclogical
sample for differential expression of at least one gene encoding a protein that functions in cancer, cell
cycle, and cell morphology chosen from sequences comprising SEQ ID NO: 9, SEQ ID NO: 69, SEQ ID
NO:; 12, SEQ ID NO: 72, SEQ ID NO: 4, SEQ ID NO: 65, SEQ ID NO: 17, SEQ ID NO: 76, SEQ ID
NO: 7, SEQ ID NO: 68, SEQ ID NO: 19, SEQ ID NO: 78, SEQ ID NO: 5, SEQ ID NO: 66, SEQ ID NO:

20, SEQ ID NO: 79, SEQ ID NQO: 22, SEQ ID NO: 81, SEQ ID NO: 21, and SEQ ID NO: 80; a protein
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that functions in lipid metabolism, small molecule biochemistry, organismal injury and abnormalities
chosen from sequences comprising SEQ ID NO: 10, SEQ ID NO: 70, SEQ ID NO: 3, SEQ ID NO: 64,
SEQ ID NO: 14, SEQ ID NO: 73, SEQ ID NO: 15 and SEQ ID NO: 74; a protein that functions in
hematological disease, endocrine system development and function, nervous system development and
function comprising SEQ ID NO: 13; a protein that functions in cancer, cell morphology, dermatological
diseases and conditions chosen from sequences comprising SEQ ID NO: 8, SEQ ID NO: 44, SEQ ID NO:
102, SEQ ID NO: 45, SEQ ID NO: 103, SEQ ID NO: 48, SEQ ID NO: 106, SEQ ID NO: 31, SEQID
NO: 90, SEQ ID NO: 35, SEQ ID NO: 93, SEQ ID NO: 50, SEQ ID NO: 108, SEQ ID NO: 51, SEQ ID
NO: 109, SEQ ID NO: 40, and SEQ ID NO: 98; a protein that functions in lipid metabolism, small
molecule biochemistry, and molecular transport chosen from sequences comprising SEQ ID NO: 25,
SEQ ID NO: 84, SEQ ID NO: 42, SEQ ID NO: 100, SEQ ID NO: 27, SEQ ID NO: 86, SEQ ID NO:47,
SEQ ID NO: 105, SEQ ID NO: 36, SEQ ID NO: 94, SEQ ID NO: 16, SEQ ID NO: 75, SEQ ID NO: 53,
SEQ ID NO: 111, SEQ ID NO: 37, SEQ ID NO: 95, SEQ ID NO: 38, SEQ ID NO: 96, and SEQ ID NO:
107; and a protein that functions in cancer, cellular movement, cellular growth and proliferation chosen
from sequences comprising SEQ ID NO: 59, SEQ ID NO: 117, SEQ ID NO:46, SEQ ID NO: 104, SEQ
ID NO: 30, SEQ ID NO: 89, SEQ ID NO: 52, SEQ ID NO: 110, SEQ ID NO: 58, SEQ ID NO: 116, SEQ
ID NO: 55, SEQ ID NO: 113, SEQ ID NO: 39, SEQ ID NO: 97, SEQ ID NO: 56, SEQ ID NO: 114, SEQ
ID NO: 57, and SEQ ID NO: 115.
Diagnostic Kits

[054] The invention also provides diagnostic kits based on the genes and/or proteins described
above. In one embodiment, there is a kit for diagnosing liver fibrosis and/or cirrhosis that comprises one
or more nucleic acid probes that hybridize to nucleic acid molecules of at least one gene encoding a
protein marker chosen from SEQ ID NO: 1 - SEQ ID NO: 63 and human orthologs thereof and
packaging indicating the use for detecting liver fibrosis. The kit can detect the differential expression,

¢.g., the up-regulation or down-regulation, of these genes, wherein the differential expression would
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suggest liver fibrosis and/or cirrhosis. In another embodiment, the invention also provides a kit for
diagnosing fibrosis and/or cirthosis comprising nucleic acid probes that hybridize to nucleic acid
molecules of at least one gene encoding a protein marker chosen from SEQ ID NO: 1 - SEQ ID NO: 63
and human orthologs thereof. The differential expression of the genes would suggest fibrosis and/or
cirrhosis. In another embodiment, the diagnostic kit comprises one or more nucleic acid probes that
hybridize to nucleic acid molecules of at least one gene encoding the human orthologs comprising
proteins chosen from SEQ ID NO: 64 - SEQ ID NO: 120 for diagnosing liver fibrosis and/or cirrhosis.

[055] The kit may be prepared by techniques known to one skilled in the art. By way of
example, the probes may be labeled, using labeling techniques that are known to one skilled in the art, to
facilitate detection, including but not limited to radioisotope labels or fluorescent labels. The probes can
hybridize to nucleic acid molecules that are either or both strands of a double stranded nucleic acid
molecule and include any fragment or portion of an intact nucleic acid molecule.

[056] Nucleic acid hybridization is affected by such conditions as salt conceniration,
temperature, or organic solvents, in addition to the base composition, length of the complementary
strands, and the number of nucleotide base mismatches between the hybridizing nucleic acids, as will
be readily appreciated by those skilled in the art. Stringency conditions depend on the length and base
composition of the nucleic acid, which can be determined by techniques well known in the art.
Generally, stringency can be altered or controlled by, for example, manipulating temperature and salt
concentration during hybridization and washing. For example, a combination of high temperature and
low salt concentration increases stringency. Such conditions are known to those skilled in the art and
can be found in, for example, Strauss, W.M. “Hybridization With Radioactive Probes,” in Current
Protocols in Molecular Biology 6.3.1-6.3.6, (John Wiley & Soms, N.Y. 2000). Both aqueous and
nonaqueous conditions as described in the art can be used.

{057] An example of stringent hybridization conditions is hybridization in 0.1xSSC (15 mM

sodium chloride/1.5 mM sodium citrate) at 50°C or higher. Another example of stringent hybridization
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conditions is hybridization overnight at 42°C in 50% formamide, 1X SSC (150 mM NaCl, 15 mM
sodium citrate), 50 mM sodium phosphate (pH 7.6), 5X Denhardt's solution, 10% (w/v) dextran sulfate,
and 20 pg/ml denatured, sheared salmon sperm DNA, followed by washing in 0.1X SSC at about 65°C.
Highly stringent conditions can include, for example, aqueous hybridization (e.g., free of formamide)
in 6X SSC (where 20X SSC contains 3.0 M NaCl and 0.3 M sodium citrate}, 1% (w/v) sodium dodecyl
sulfate (SDS) at 65°C for about 8 hours (or more), followed by one or more washes in 0.2 X SSC, 0.1%
$DS at 65°C.

[058] Moderately stringent hybridization conditions permit a nucleic acid to bind a
complementary nucleic acid that has at least about 60%, at least about 75%, at least about 85%, or
greater than about 90% identity to the complementary nucleic acid. Stringency of hybridization is
generally reduced by decreasing hybridization and washing temperatures, adding formamide to the
hybridization buffer, or increasing salt concentration of the washing buffer, either individually or in
combination, Moderately stringent conditions can include, for example, aqueous hybridization (e.g.,
free of formamide) in 6X SSC, 1% (w/v) SDS at 65°C for about 8 hours (or more), followed by one or
more washes in 2X SSC, 0.1% SDS at room temperature. Another exemplary hybridization under
moderate stringency comprises hybridization in 6X SSC, 5X Denhardt’s reagent, 0.5% (w/v) SDS, and
optionally 100 stg/ml sonicated salmon or herring sperm DNA, at about 42°C, followed by washing in
2X SSC, 0.1% (w/v) SDS at 65°C. Other permutations and possibilities will be readily apparent to
those of ordinary skill in the art, and are considered as equivalents within the scope of the instant
invention.

[059] In yet another embodiment, the invention provides a kit for diagnosing liver fibrosis
and/or cirrhosis comprising one or more antibodies that specifically bind to at least one protein encoded
by a sequence chosen from SEQ ID NO: 1 - SEQ ID NO: 63 and human orthologs thereof, and further

comprises packaging that indicates use for detection of liver fibrosis and/or cirthosis. In an alternative
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embodiment, the kit comprises one or more antibodies that specifically bind to at least one human
ortholog protein encoded by a sequence chosen from SEQ ID NO: 64 — SEQ ID NO: 120, and further
comprises packaging that indicates use for detection of liver fibrosis and/or cirrhosis. Differential
expression of these genes suggests the presence of fibrosis and/or cirrhosis.

[060] The antibodies specific to the proteins may be obtained by monoclonal or polycional
techniques known to one skilled in the art. The antibody can be labeled with radioisotopes such as 33,
1o 1257 3H, and ML using the techniques described in Current Protocols in Immunology (20), as an
example. The radioactivity can be measured using scintillation counting. The antibody may also be
fluorescently labeled by, for example, rare earth chelates (europium chelates), Texas Red, thodamine,
fluorescein, dansyl, Lissamine, umbelliferone, phycocrytherin, phycocyanin, or commercially available
fluorophores such SPECTRUM ORANGE® and SPECTRUM GREEN® and/or derivatives of any one or
more of the above, The fluorescent labels can be conjugated to the antibody using the techniques
disclosed in Current Protocols in Immunology, supra., for example. Fluorescence can be quantified
using a fluorimeter.

[061] Differential protein expression may be assayed using antibodies with commonly used
methods known in the art, such as Western blotting or enzyme-linked immunosorbent assay (ELISA).
Western blotting begins with an electrophoresis step, where proteins from a biological sample of interest
are separated on the basis of size and electromagnetic charge by sodium dodecyl sulfate-polyacrylamide
gel electrophoresis (SDS-PAGE), according to standard methods known in the art. See, e.g., SAMBROOK
ET AL., 3 MOLECULAR CLONING: A LABORATORY MANUAL A8.40-A8.45 (2001) (describing various
reagents and methods for electrophoresis of proteins by SDS-PAGE). The contents of the gel are then
transferred to nitrocellulose, nylon, PVDF, or other membrane or filter suitable for fixation and Western
blotting by standard methods also known in the art. The transfer may be by immersion, semi-dry
blotting, or by other comparable methods known in the art. Next, the filters or membranes are fixed to

prevent loss of the target proteins during the several hybridization, washing, and staining steps
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comprising Western blotting. Fixation may be accomplished by heat, cross-linking with uliraviolet light,
ot by other comparable methods known in the art. See, €.g., SAMBROOK ET AL., 3 MOLECULAR CLONING:
A LABORATORY MANUAL A8.52-A8.55 (describing various reagents and methods for immunoblotting
and detection of antigen/antibody complexes).

[062] Non-specific anitbody binding sites on the fixed filter or membrane are blocked with
buffered solutions (e.g., phosphate-buffered saline (“PBS”) or the like) containing a blocking agent such
as, for example, 0.5% (w/v) low-fat dry milk or 5% (w/v) bovine serum albumin (BSA). After blocking,
the filter or membrane then undergoes the primary antibody incubation. After primary antibody
incubation, the filter or membrane is washed, and the presence of antibody-antigen complexes detected
using a secondary antibody labeled with chromogenic, fluorogenic, or chemiluminescent means.
Antibody-antigen complexes are then detected colorimetrically {e.g., with horseradish peroxidase and
TMB), or by autoradiography (e.g., alkaline phosphatase). If detected colorimetrically, or by
chemiluminescence, the amount of color of fluorescence may be measured using a luminometer, a
spectrophotometer, or other similar instruments. If detected autoradiographically, the amount of bound
antibody may be measured from the exposed x-ray film using a densitometer, ot similar instrument. See,
e.g., SAMBROOK ET AL., 3 MOLECULAR CLONING: A T.ABORATORY MANUAL A8.52-A8.53.

[063] Secondary antibodies used in Western blotting, whether polyclonal or monoclonal, may be
labeled with a ligand (such as biotin) or a detectable marker (such aé a fluorescent group or an enzyme)
using conventional techniques. Suitable labels include fluorophores, chromophores, electron-dense
reagents (e.g., silver or gold), enzymes, and ligands having specific binding partners. Enzymes such as
horseradish peroxidase or alkaline phosphatase are typically detected by their activity. For example,
horseradish peroxidase can be detected by its ability to convert tetramethylbenzidine (TMB) to a blue
pigment, quantifiable with a spectrophotometer. Other suitable ligands and/or detectable markers include

bioting and avidin or streptavidin, IgG and protein A, and the numerous additional receptor-ligand
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couples known in the art. Other permutations and possibilities will be readily apparent to those of
ordinary skill in the art, and are considered as equivalents within the scope of the instant invention.

[064] AnELISA begins with an antigen adsorption step, where the target antigen or antigens are
adsorbed to the wells of a microtiter plate. See, e.g., KIERKEGAARD & PERRY LABORATORIES, INC.,
TECHNICAL GUIDE FOR ELISA 9-13 (2003), available at
http://www.kpl.com/docs/techdocs/chapters%201%20-%204.pdf (last accessed January 12, 2007). The
most commonly used adsorption buffers for antibodies are 50 mM Carbonate, pH=9.6; 10 mM Tris-HCl,
pH=8.5; and 10 mM PBS, pH=7.2. These buffers work well for many proteins. If the target antigens are
not readily adsorbed to the surface of the microtiter plate, plates with surfaces modifted or derivatized fo
permit covalent linkage of proteins to their surface by a variety of chemical means are widely available
from commercial suppliers. Time and temperature are the most important factors affecting the amount of
protein adsorbed.

[065] Once the wells of a microtiter plate are coated with the desired antigen or antigens, they
are washed with a blocking buffer to block non-specific antibody binding and to minimize false positive
results. See, e.g., id. at 13-14 (discussing methods and reagents for blocking microtiter plates).
Commonly used blocking agents are either protein solutions, such as BSA (typically used at
concentrations between 1% and 5% (w/v) in PBS, pl1=7.0), non-fat dry milk, casein (the main protein
component of non-fat dry milk), or caseinate (a more soluble version of casein, produced by partial
digestion with sodium hydroxide), normal serum (typically used at concentrations between 1% and 5%
(v/v)), and gelatin (normally used at concentrations between 1% and 5% (w/v)), or non-ionic detergents,
such as Tween-20™ and Triton X-100™,

[066] Washing reagents are selected for their ability to disrupt low-affinity interactions between
various reaction components that can affect the ability to detect specific antigen-antibody interactions.
See, e.g., id. at 14-15 (discussing methods and reagents for washing microtiter plates). Wash solutions

commonly contain a physiological buffer to prevent denaturation of antigens and their cognate
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antibodies, and to preserve enzyme activity. Buffers such as PBS, Tris-saline, or imidizole-buffered
saline at neutral pH are widely used. Specific buffers are typically selected based on the method of
detection to be employed in a particular assay. Wash buffers should also include non-ionic detergents
such as Tween-20™, Triton X-100™, or the like, at concentrations of between 0.01% to 0.05% (v/v), in
order to disrupt low-affinity, non-specific interactions between reaction components.

[067] After the blocking step, the wells of the microtiter plate are washed. The adsorbed antigen
then undergoes the primary antibody incubation, after which it is washed again. Antibody/antigen
complexes are then detected using a secondary antibody labeled with chromogenic (e.g., horseradish
peroxidase and TMB), fluorescent or chemiluminescent (e.g., alkaline phosphatase) means. See, e.g., id.
at 15-21 (discussing antibody preparation and use, as well as commonly used detection molecules). The
amount of color or fluorescence may be measured using a luminometer, a spectrophotometer, or other
similar instruments. There are many commeon variations on the standard ELISA protocol, including
competitive ELISA, sandwich ELISA, and numerous others. One of ordinary skill in the art will select
the appropriate protocol to use, depending on the antigen to be detected, the source of antigen and/or
primary antibody used in the assay, and any other relevant experimental parameters. These and many
other permutations will be readily apparent to those of ordinary skill in the art, are considered as
equivalents within the scope of the invention.

Screening Methods

[068] Also described is a method that identifies a compound that would decrease the differential
expression of at least one gene encoding a protein chosen from SEQ ID NO: 7 — SEQ ID NO: 23 and
SEQ ID NO: 42 - SEQ ID NO: 63 and human orthologs thereof. The method provides a cell expressing
at least one of these genes, contacting the cell with a test compound to determine whether the differential
expression is decreased in the presence of the test compound, wherein the differential expression is an
indication of halting or reversing liver fibrosis and/or cirrhosis. The same method can also identify a

compound that would increase the differential expression of at least one gene encoding a protein chosen
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from SEQ ID NO: 1 ~ SEQ I D NO: 6 and SEQ ID NO: 24 — SEQ ID NO: 41 and human orthologs
thereof.

[069] Other embodiments of the invention will be apparent to those skilled in the art from
consideration of the specification and practice of the invention disclosed herein. It is intended that the
specification and examples be considered as exemplary only, with the true scope and spirit of the
invention being indicated by the following claims.

[070] Unless defined otherwise, the meanings of all technical and scientific terms used herein
are those commonly understood by one of ordinary skill in the art to which this invention belongs. One
of ordinary skill in the art will also appreciate that any methods and materials similar or equivalent to
those described herein can also be used to practice or test the invention. Further, all publications
mentioned herein are incorporated by reference.

[071] With respect to ranges of values, the invention encompasses the upper and lower limits
and each intervening value between the upper and lower limits of the range to at least a tenth of the upper
and lower limit’s unit, unless the context clearly indicates otherwise. Further, the invention encompasses
any other stated intervening values.

[072] Further, all numbers expressing quantities of ingredients, reaction conditions, percent
purity, polypeptide and polynucleotide lengths, and so forth, used in the specification and claims, are
modified by the term “about,” unless otherwise indicated. Accordingly, the numerical parameters set
forth in the specification and claims are approximations that may vary depending upon the desired
properties of the present invention. At the very least, and not as an attempt to limit the application of the
doctrine of equivalents to the scope of the claims, each numerical parameter should at least be construed
in light of the number of Teported significant digits, applying ordinary rounding techniques. Nonetheless,
the numerical values set forth in the specific examples are reported as precisely as possible. Any
numerical value, however, inherently contains certain errors from the standard deviation of its

experimental measurement.
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[073] It must be noted that, as used herein and in the appended claims, the singular forms “a,
“or,” and “the” include plural referents and plural referents include singular forms unless the context
clearly dictates otherwise. Thus, for example, reference to “a subject polypeptide” includes a plurality of
such polypeptides, reference to “the agent” includes reference o one or more agents and equivalents
thereof known to those skilled in the art, reference to “nucleic acid molecules” includes reference to one
or more nucleic acid molecules, and reference to “antibodies” includes reference to one or more
antibodies and so forth.

[074] The following examples further illustrate the invention. They are merely illustrative of
the invention and disclose various beneficial properties of certain embodiments of the invention. The
following examples should not be construed as limiting the invention.

EXAMPLES

[075] The practice of the present invention will employ, unless otherwise indicated,
conventional techniques for the study of differential gene expression, differential proteomic expression,
and histopathology, which are within the level of ordinary skill in the art. Such techniques are explained
fully in the applicable literature.

[076] The following examples illustrate the study of the expression of different proteins in liver
fibrosis through the use of animal models.

Example 1: Establishment of the Rat Hepatic Fibrosis Model

[0771 A rat hepatic fibrosis model was set up through the use of DMN. DMN is a potent
hepatoxin that specifically targets the liver and can cause liver fibrosis. The histopathological changes
resulting from DMN treatment involve the rapid deposition of collagen, the major protein of fibrosis and
important to the process of cirrhosis. DMN-induced liver injury in rats displays many features, such as
portal hypertension ascites as well as a number of other histopathological and biochemical abnormalities.
Previous study has suggested that DMN-induced liver injury in rats could reflect changes that occur in

human hepatic fibrosis and/or cirrhosis and that it is an appropriate animal model for studying human
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hepatic fibrosis and/or cirrhosis (15). The DMN-induced liver fibrosis model was performed as
described in Jezequel A.M. ef al. (14). Male Sprague Dawley rats (Slc:SD; Japan SLC, Shizuoka,
Japan), weighing from 300 to 350 grams, were used in the experiments. To induce hepatic fibrosis over a
six-week time courée experiment, the rats were given DMN (Sigma, Saint Louis, MO), dissolved in
normal saline, three consecutive days a week for the first three consecutive weeks at the dosage of 6.7
mg/kg per body weight by infraperitoneal injection. Injection time points are shown as inverted triangles
in Figure 1. Injections were at a much lower dosage than those used in other experiments where the
dosage was 100 mg/kg/day. The higher dosage can cause toxicity in rat liver (21, 22).)

[078] Two to seven rats at each time point were treated with either DMN or with an equal
volume of normal saline without DMN as the control (26 DMN-treated rats and 24 control rats). Rats
were weighed and sacrificed on days 11, 18, 25, 32, 39, and 46 (sacrifice time points are shown as
triangles in Figure 1A) respectively. These triangular time points were designated as weeks 1 through 6
(Figure TA).

[079] To confirm the establishment of a rat liver fibrosis model, Q-RT-PCR, serum analysis,

and histopathological analysis were employed.

Histopathological Examination of DMN-Induced Liver Damage

[080] Liver tissues were immediately removed after sacrifice and subject to histopathological
examination. The fixed liver samples were then processed for paraffin embedding. Five micrometer (5
¢im) sections were prepared for hematoxylin and eosin staining (to score necroinflammatory and fatty
chaéuges) and for Sirius red/fast green collagen staining (to score for fibrosis) (23). The fatty changes
were classified as presence (+) or absence (-).

[081] Phenotypic changes resulting from DMN-induced liver damage are shown in Figure 2A.
In Figure 2A, the representative phenotypes of the DMN-induced rat liver fibrosis were characterized by
scoring the four histopathological features (necrosis, inflammation, fibrosis, and fatty change) as follows:

the necrosis scores were from NO to N3 (the first panel), and the inflammation scores were from 10 to 13.
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The scoring system for examining the intensity of liver fibrosis was modified from the scoring system of
the Hepatitis Activity Index (HAI) (29, 30). Fibrosis was divided into four scores: normal (F0), fibrous
expansion of portal tracts (F1), bridging fibrosis (F2) and frequent bridging fibrosis with focal nodule
formation (F3). The fatty change was scored as present (+) or absent (-), respectively (the last panel).
The images of the fatty change are shown at 200X magnification, whe'reas the others are shown at 100X
magnification (Fig. 2A).

[082] Figure 2B shows a summary of histopathological scores for the rat model. The results
were ranked by time course. The necroinflammatory scores were the sum of the necrosis and
inflammation scores and range from A0 to A6. The necroinflammatory change was divided into three
grades: AO=none, A(1-3)= mild and A(4-6)= moderate necroinflammation. The fibrosis change was
divided into two grades: F(0-1)=normal to fibrous expansion of portal tracts, F(2-3)= bridge fibrosis to
frequent bridging fibrosis with nodule formation, The fatty change was shown as presence (+) or
absence (-). The number of rats was counted and used to calculate the percentage of each
histopathological level at each time point.

[083] As shown in Figure 2B, seventy-five percent of the DMN-treated rats had none (F 0) or
low levels of fibrosis (F1) in the first two weeks, By the third to fourth week, nearty 90% of the DMN-
treated rats had high levels of fibrosis, from bridging fibrosis (F2) to frequent bridging fibrosis with focal
nodule formation (F3). In the last two weeks, F2 and F3 were still present in 78% of DMN-treated rats.
The fatty changes were only present in a few treated rats (3.7%). In contrast, there were no abnormal
pathological patterns present in the control group at all. In addition, no clear abnormality was found in
the kidney or spleen of the DMN-treated and normal rats (data not shown). Together, the detailed
necroinflammatory and fibrosis scoring systems of the process of the DMN-induced liver damage
suggest that dramatic necrosis and inflammation took place during early liver damage progression (week

1-4), followed by fibrosis formation at 3-6 weeks. Collagen fiber deposition in rat liver could be
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observed, along with bile duct proliferation, centrilobular necrosis, bridge fibrosis and fibrosis
surrounding the central veins, after three weeks of DMN treatment.

Quantitative Real-Time Polymerase Chain Reaction (Q-RT-PCR)

[084] To gain additional information about the established animal model, Q-RT-PCR was used
to evaluate the gene expression profile of transforming growth factor-81 (TgfB1), which is the strongest
known inducer of fibrogenesis in the effector cells of hepatic fibrosis that can stimulate the adipocyte
transformation (24-27). The same total RNA samples were used for both microarray and Q-RT-PCR
analyses. RNA preparation and analysis were performed according to Affymetrix’s (Santa Clara, CA,
U.S.A.) instructions. The ’I‘aqMaln® assays were conducted in triplicate for each sample, and a mean
value was used for calculation of expression levels. To standardize the quantification of the target genes,
18S ribosomal RNA (188 rRNA) from each sample was quantified on the same plate with the target
genes. The Q-RT-PCR result showed that a higher level of mRNA expression of TgfB/ was observed in
DMN-treated rat livers than in the controls (Figure 1B). The changes were in agreement with
observations described in Jezequel A.M. ef al. (14). In sum, these examinations support the DMN-
induced rat hepatic fibrosis model.

Analysis of Serum Biochemical Data from the DMN-Induced Hepatic Fibrosis Rat Model
Experiment

[085] The serum of each rat, 50 rats in total, was subjected to various biochemical examinations
related to liver damages. Blood samples, collected from the animals at necropsy, were used to measure
serum concentrations or activity of albumin, glutamic oxaloacetic transaminase (GOT), glutamic pyruvic
transaminase (GPT), total bilirubin, alkaline phosphatase (AKP), acid phosphatases (ACP), o-fetoprotein
(AFP), blood urea nitrogen (BUN), cholesterol (CHOL), lactate dehydrogenase (LDH), globulin,
prothrombin time (PT) and blood platelets (PLT) using an Hitachi 747 and ACL 3000 clinical chemistry
analyzer system (MYCO, Renton, Washington). When the DMN-treated samples and controls were

compared, thirteen serum markers showed significant differences and confirmed the DMN-treated group
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had suffered liver damage. The biochemical data for the DMN-treated group suggest that there were
changes in many serum markers and that the protein expression levels or physical responses are similar
to human liver damage phenotypes (1, 2). The thirteen serum markers identified in these experiments are
the same serum markers for human liver fibrosis.

Example 2: Establishment of Gene Expression Profile During DMN-Induced Liver Fibrosis

Microarray Analysis
[086] The quality of the total RNA for microarray analysis was determined using Spectra Max

Plus (Molecular Devices, Sunnyvale, CA, U.S.A.) and had an Ajee/Aggp ratio ranging from 1.9 to 2.1,
Protocols and reagents for hybridization, washing and staining followed Affymetrix’s instructions
(http://www.affymetrix.com/support/technical/manuals.affx). Labeled cRNA was hybridized to the
Affymetrix GeneChip Test 3 Array to verify the quality prior to hybridization to the Affymetrix Rat
Genome U34A Armray.

Data Analysis and Clustering Algorithm

[087] The microarray images were transformed into text files containing intensity information
using GeneChip® Operating Software (GCOS) developed by Affymetrix. The microarray datasets were
then analyzed using GeneSpring® 7.2 sofiware (Silicon Genetics, Redwood City, CA, U.S.A.).

Gene Expression Profiling

[088] Over the six week time course of the experiment, the liver tissues of 12 control animals
and 12 DMN-treated rats (2 rats for each time point) were selected to perform microarray experiments.
Before any statistical analyses were applied to the microarray data, reproducibility was assessed. Genes
were selected as present when they were assigned a present call according to the perfect match
(PM)/mismatch (MM) algorithm of Affymetrix in all gene chips (28). Of the 8799 probe sets analyzed,
overall expression patterns for 2385 transcripts on the chips were reported to be present (P< 0.05). To
verify that intra-sample variability did not obscure differences between the controls and DMN-treated

groups, as well as to determine the fold-change that should be considered as significant, expression
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profiles among the 24 conirol datasets were compared. Scattered graphs of expression levels of the 2385
transcripts represented on the microarray were compared with each other. The relationship between the
experimental chips in the microarray analysis was analyzed by linear regression. Overall, there was no
statistical difference, with 3.2 % of transcripts deviating more than 2-fold. To investigate the time course
variability, the reliable signals of these 2385 probe sets between the first and sixth week of controls, were
calculated. Again, there was no statistical difference, with 4.6 % of transcripts deviating more than 2-
fold. In contrast, a significant scatter was found between controls and DMN-treated groups, with 28.7 %
of transceripts deviating more than 2-fold.

[089] As a first step to minimize the likelihood of false positives, all transcripts were filtered by
forming two independent clusters from the microarray data and identifying those that were differentially
expressed. For detailed analysis, the first cluster generated 2385 transcripts as previously described. Of
these, 268 were differentially expressed transcripts either higher or lower by 1.5 fold or more when
comparing the controls and DMN-treated groups. The second method, which used the “detection flag”
selection (24), reported 23 transcripts as “present” in the DMN-treated groups but not in the controls, In
contrast, there was only one transcript reported “absent” in all DMN-treated groups but “present” in the
controls,.

[090] Altogether, 292 transcripts representing 256 genes, including 137 up-regulated and 119
down-regulated genes, exhibited differentially expressed gene expression patterns when the DMN-treated
groups and controls were compared. Hierarchical clustering generated a dendrogram for the gene
expression patterns of these 292 transcripts across the 24 samples as shown in Figure 3A. The rows
represent individual transcripts and columns represent time course samples. The color in each cell
reflects the expression level of the corresponding tissue, relative to its mean expression level. The scale

extends from fluorescence radios of 0.25 to 4 relative to the mean level for all samples,

26



Quantitative-Real-Time-Reverse-Transcriptase Polymerase Chain Reaction (Q-RT-PCR}

{091] To validate the microarray data, Q-RT-PCR analysis was performed for tissue inhibitor of
metalloproteinase 1 (ZTimpl), tissue inhibitor of metalloproteinase 2 (Timp2), matrix metalloproteinase 3
(Mmp3) and gamma-glutamyl transpeptidase (Ggtp). These genes were chosen for validation because
these genes occurred both in this GeneChip study and in previous studies.

[092] As determined by Q-RT-PCR, Timpl(Figure 3B), Timp2, Mmp3, Ggtp (data not shown)
and TgfB7 (shown previously in Figure 1B) were elevated in DMN-treated samples. The results of Q-
RT-PCR analysis of these five genes were consistent with previous reports examining these individual
markers (8, 9).

[093] Moreover, a good concordance based on the fold changes between microarray data and Q-
RT-PCR results was observed. As shown in Figure 3B, Timp! expression was elevated over 20-fold in
DMN-treated rats in both microarray and Q-RT-PCR experiments. Tau:]Man® assays were conducted in
triplicate for cach sample, and a mean value was used for calculation of expression levels (marked by the
square). To standardize the quantification of the Timp! transcript, 183 rRNA from each sample was
quantified on the same plate as the target gene, as indicated by the log scale on the right side of plot. The
expression levels of the two Timpl transcripts, rc_Al169327_at and rc_AI169327_g_at (marked by a
circle and a triangle, respectively), were set forth relative to the mean of all gene expression levels as
indicated by the scale on the left side of plot. The expression pattern of Timpl was highly correlated
between the Q-RT-PCR results and the GeneChip analysis (the Pearson’s correlation coefficients were
0.79 and 0.92, respectively) (Figure 3B), suggesting that the gene expression results were reliable when
subject to more detailed analysis.

Fibrosis Candidate Genes

[094] Necroinflammatory and fibrosis have been suggested to play important reles in the
progression of liver cirthosis in the rat model (8, 23, 24, 29, 30). To clarify the factors responsible for

the histopathological phenotype, all rat samples were classified by histopathological evaluation with
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histopathological scores for necroinflammation (A0-A6) and fibrosis (F0-F3) as described carlier in
Figure 2B. The student f-test statistic analysis was used for fibrosis-related genes analysis as it was
based on the two-subgroup (F(0-1) and F(2-3)) variation in fibrosis score. A P-value of less than 0.05
was considered to be statistically significant.

[095] Using the student’s f-test, the inventors analyzed those 256 genes with expression sither
higher or lower by 1.5 fold or more in DMN-induced rats than in control rats. A total of 62 differentially
expressed genes (32 up regulated and 30 down regulated) between the F(0-1) and F(2-3) level of fibrosis
were identified, estimated using only two subgroup variations for the fibrosis score, at the 5 %
significance level. In agreement with previous studies, three genes, including Timp!, CD63 and annexin
Al (Anxal), exhibited similar gene expression patterns during liver fibrosis (31-34).

[096] Timpl is a well-known fibrosis marker and has been proven to play a significant role in
the progression of liver fibrosis. In the later stages of liver injury, hepatic stellate cells (HSCs) express a
combination of matrix metalloproteinases (MMPs) that have the ability to degrade normal liver matrix,
while inhibiting degradation of the fibrillar collagens that accumulate in liver fibrosis. An increase in
expression of Timpl leads to a more global inhibition of degradation of fibrillar liver collagens by
interstitial collagenases (MMP-1/MMP-13) (35). As shown in Fig. 3B, expression of Timp/ was
elevated more than twenty fold in DMN treated rats in microarray.

[097] CD63, a transmembrane protein, one of the fibrosis gene signatures observed, is also up-
regulated after DMN treatment. Following chronic injury, HSCs activate or differentiate into
myofibroblast-like cells, acquiring contractile, proinflammatory, and fibrogenic properties. Activated
HSCs migrate and accumulate at the sites of tissue Tepair, secreting large amounts of extracellular matrix
proteins during the progression of fibrosis. Activated HSCs have been identified as major collagen-
producing cells (collagen is an extracellulax matrix protein) and an initiator of liver fibrosis when the
liver js injured (7). It has been demonstrated that inhibition of CD63 might be a novel diagnostic marker

for the injured liver.
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[098] Annexin Al (dnxal) is highly expressed after liver injury in an alcoholic liver disease
(ALD) study (34). Alcohol initiated liver injury occurs via inflammation. ALD progression involves
continuing liver injury, fibrosis, and impaired liver regeneration. It has been suggested that 4nxa/ might
play a role in the progression of fibrosis.

[099] The fact that the present study agrees with previous studies for the three genes as
described above indicated that oligonucleotide microarray analysis is a powerful approach for monitoring
molecular events during liver injury and repair where the pathogenesis is unknown. Also, the signature
genes identified in this study could discriminate successfully between the low-score and the high-score
histopathology groups. Together, the genes would seem to be responsible for fibrosis formation and are
possible markers for the detection of fibrosis.

Example 3: Protein Expression Profiling During DMN-Induced Liver Fibrosis

[0100] Experiments using iTRAQ tagging were performed to identify differentially expressed

proteins in lHver fibrosis.

Isobaric Tagging Method : Sample Preparation and Reagent Labeling

[0101] The liver tissues of 6 control and 6 DMN-ireated rats were used to perform duplicate
iTRAQ labeling expeﬁments. Liver tissue was frozen in liquid nitrogen and then pulverized to powder
using a mortar and pestle pre-cooled with liquid nitrogen. Then, the liquid nitrogen was allowed to
evaporate, and the powdered tissue was separated into tubes and stored at —-80°C. Twenty volumes (wiv)
of lysis buffer (containing 2% (w/v) SDS in 20mM phosphate buffer at pH 7.6) was added to the
powdered tissuc and incubated at room temperature for 1 hour. Samples were centrifuged at 12000 rpm
for 10 minutes and the supernatant was taken for acetone precipitation by adding six volumes of cold
acetone to the sample tubes. Tubes were incubated at ~20°C until precipitate formed. After decanting
the acetone, pellets were resuspended with 0.1% SDS and 6M urea in dissolution buffer (provided by

iTRAQ Reagents Kit, Applicd Biosystems, Foster City, CA, U.S.A.).
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[0102] The total protein contents were determined vsing the Coomassie Plus Protein Assay
Reagent (PIERCE, Rockford, IL, 11.§.A.). Two hundred (200) pg of proteins were taken and diluted by
an equal volume (w/v) of dissolution buffer containing 0.1 % (w/v) SDS. Proteins were reduced and
cysteines blocked as described in the iTRAQ protocol (Applied Biosystems, Foster City, CA, U.S.A).
Four volumes of dissolution buffer were added to each tube and incubated with 20 ug Trypsin at 37°C
for 16 hours. Tryptic peptides extracted from liver tissue of controls and DMN-freated rats were labeled
with iTRAQ 114 and 115, respectively, at each time point of the experiment.

Peptide Separation and Analysis

[0103] Peptides with different isobaric tags were pooled and acidified by mixing with 10 mM
phosphoric acid (in 25% (v/v) acetonitrile and 75% H,0) to a total volume of 4.0 mL for strong cation
exchange (SCX) chromatography. The resulting sample was injected into a liquid chromatography
system (Ettan, GE Healthcare Bio-Science, Umea, Sweden) using a 2.1 mm * 200 mm Polysulfoethyl A
column packed with 5 micron 300 A beads (PolyLC, Columbia, MD, U.S.A.) at a flow rate of 0.08
ml/min. A guard column of the same material was plumbed upstream from the analytical column. The
buffers used were 10 mM KH,PQy, 25% (v/v) acetonitrile at pH 3.0 for buffer A and 10 mM KHzPO,,
IM KCl, 25% (v/v) acetonitrile at pH 3.0 for buffer B. The elution gradient was changed linearly from 0
to 40% buffer B within 16 mL and then up to 100% buffer B in another 4 mL. A total of 30 fractions
were collected and dried by speed vacuuming centrifugation. All the fractions were desalted on
pepClean™ C-18 spin columns (PIERCE, Rockford, IL, U.S.A.). The desalted peptide from each SCX
fraction was dried by speed vacuuming centrifugation and then analyzed by nanol.C hybrid mass
spectrometry. The nanol.C system was from LC Packings (Amsterdam, The Netherlands), coupled to an
APIQSTAR Pulsar Hybrid QqTOF mass spectrometer (Applied Biosystems/MDS Sciex, Foster City,
CA, U.S.A.). Peptide separation was performed using a reversed-phase Cys column (75 pm in diameter x
15 om in length, 3 um particles) with a two-step linear gradient of 5-50% Buffer A over 45 minutes and

50-95% Buffer B over 10 minutes at a flow rate of 0.2 pl/minute (Buffer A: 2% (v/v) acetonitrile, 0.1%
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(w/v) formic acid; Buffer B: 80% (v/v) acetonitrile, 0.1% (w/v) formic acid). The m/z scanning range for
MS and tendem MS (MS/MS) were 400-1200 and 75-1500 Da, respectively. MS/MS mass spectra were
analyzed in continuous flow mode with a 10 mm LD. fused silica tip. MS/MS spectra were analyzed
against rat.fasta databases from NCBI by ProQUANT 2.0 (Applied Biosystems/MDS Sciex, Foster City,
CA, U.S.A.). The accuracy tolerance for peptide identification was 0.5 Da for MS and 0.5 Da for
MS/MS, respectively. The cut off for the confidence setiings was at 95 and for the score was at 20.
Relative quantification of peptide was performed on the MS/MS scans, using ratio of the areas under the
peaks. Relative quantification of protein was obtained by averaging the constituted peptides identified.

[0104] To validate the method and results obtained from iTRAQ proteomic studies, the
expression changes of vimentin‘quantiﬁed by mass spectrometry in iTRAQ experiments were compared
with those obtained through Weétern blot with anti-vimentin antibody. Proteins were extracted with 2%
(w/v) SDS in 20 mM phosphate buffer at pH 7.6 from control and DMN-induced rat livers. After
resolving by 12% SDS-PAGE, proteins were transferred to polyvinylidene difluoride membranes and
subsequently impuumnostained with mouse anti-vimentin monoclonal antibody (Chemicon, Temecula, CA,
U.S.A.) for 1 hour, then with horseradish peroxidase-labeled goat anti-rat IgG for another hour. The
immunoreactive bands were detected using an enhanced chemilumninescence system (ECL, Perkin-Elmer
Life Sciences, Wellesley, MA, U.S.A.). As demonstrated in Figure 4, the results observed in Western
blots matched the trend as measured by mass spectrometry.

Results

[0105] The numbers of distinct peptides identified range from 624-1591 when the confidence
threshold was set at 95%. A significant number of these peptides were identified more than once. More
than 351 unique proteins were identified in each experiment. Thirty-nine proteins show significant and
consistent differences (1.5 fold or more) in protein expression in DMN-treated liver tissue with F2 and
¥3 fibrosis score compared to control rats. Among these 39 proteins, several have previously been

reported to associate with fibrosis formation, including, fibrinogen, and fibronectin.
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[0106] Fibrinogen was found to be up-regulated in DMN-induced rats in the present study. This
ig consistent with the results of fibrinogen gene expression in a model CCly-induced rat liver damage.
The CCls-induced rat liver damage also showed increased fibrinogen mRNA levels and fibrinogen/fibrin
deposition during short-term liver injury and liver fibrogenesis. This may suggest that fibrinogen
involves a “clotting-like process” in short term liver damage and liver fibrosis (36). Fibronectin consists
of two polypeptide chains. It mediates adhesion of collagen, fibrin and heparin to cells and is thus
involved in the organization of thrombi and in wound healing by inducing attachment of these structures
to cells. Fibronectin and collagen types I and III have been used as a characteristic feature of a liver
cirrhotic state in the CCly-induced liver cirrhosis rat model (37).

[0107] In addition, glycine N-methyltransferase (Gnmy), aldolase A(4ldoa), Myosin light
polypeptide 6 (Myl6) and, cytoplasmic vy actin, (4cty) ) were identified in both RNA expression
microarray and proteomic studies as exhibiting differential expression.

Example 4: Nerwork Analysis

[0108] To further refine the genes with differential expression in the fibrotic liver, we carried out
network analysis using the Ingenuity Pathway Analysis (IPA) software (Ingenuity Systems, Mountain
View, CA, U.S.A.). The genes, which were identified by microarray and iTRAQ proteomic analyses,
were subjected to interacting network analyses. Gene accession numbers were imported into IPA
software. These networks described functional relationships between gene products based on known
interactions in the literature. The IPA tool then associated tﬁese networks with known biologic
pathways. Of sixty-two genes identified from the microarray study, forty-two genes fall into 3 groups,
i.e., gene networks associated with 1) cancer, cell morphology, and dermatological diseases and
conditions; 2) lipid metabolism, small molecule biochemistry, molecular transport; and 3) cancer, cellular
movement, cellular growth and profileration. See Table 3A. Twenty-two out of thirty-nine proteins
identified in the proteomic study fall into another 3 networks associated with 1) cancer, cell cycle and

cell morphology; 2) lipid metabolism, small molecule biochemistry, organismal injury and abnormalities;
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and 3) hematological disease, endocrine system development and function, nervous system development
and function. See Table 3B. Table 3A and 3B list the networks’ protein functions and members. Genes
identified in the present study are underlined. The underlined genes that have not been reported to
associate with liver injury are shown in bold.

Example 5: Clinical Validation of Biomarkers Identified in the DMN-Induced Liver Fibrosis
Rat Model with Human Samples

[0109] To confirm that the biomarkers identified in the DMN-induced liver fibrosis rat model
could be used to diagnose liver fibrosis or cirrhosis in humans, we examined expression of the enzyme
carbonic anhydrase I (see Table 2, SEQ ID NOS: 11 and 71) in human sera by Western blot analysis.
Serum samples (8 pl from each patient) from normal volunteers and from patients suffering from
hepatitis B-related cirrhosis were first treated to remove the twenty high abundance serum proteins using
the ProteoPrep® 20 Plasma Immunodepletion Kit (Sigma-Aldrich, St. Louis, MO, U.S.A.). After
depletion, the low abundance serum proteins were precipitated with 5 volumes of cold acetone at -20°C
for 2 hours. The protein/acetone mixture was then centrifuged at 12,000 rpm for 10 minutes. The
protein pellet was resuspended, separated by electréphoresis on a 12% SDS-PAGE gel, and transferred to
0.45 pm polyvinylidene difluoride (PVDF) membranes (Millipore, Billerica, MA, U.S.A.). After
blocking in 5% (w/v) nonfat milk, the membranes were washed with TBST buffer (20 mM Tris-IICl, pH
7.6, 137 mM NaCl, 0.1% (v/v) Tween-20) and incubated with goat polyclonal antibody specific for
carbonic anhydrase I (Abcam, Cambridge, UK) for 1 hour. The membranes were washed again with
TBST buffer and immunostained with horseradish peroxidase-conjugated donkey anti-goat IgG (Jackson
ImmunoResearch Laboratories, PA, U.S.A.). The immunoreactive bands were visualized using an
enhanced chemiluminescence system (ECL, Perkin-Elmer Life Sciences, Wellesley, MA, U.5.A.). The
Western blots clearly show that some serum samples from the cirrhosis patients have higher

concentrations of carbonic anhydrase I than samples from normal individuals not suffering from
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cirrhosis. This result confirms that the markers identified in the rat model for liver fibrosis and/or

cirthosis are also associated with liver fibrosis and/or citrhosis in humans.
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WHAT IS CLAIMED IS:

1. A method of detecting liver fibrosis and/or cirrhosis

comprising:

assaying a biological sample from a patient for

differential expression of at least one gene encoding a SEQ

ID NO: 11 or SEQ ID NO: 71 protein,

wherein the differential expression of at least one gene

suggests the presence of liver fibrosis and/or cirrhosis.
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2. A method of detecting liver fibrosis and/or cirrhosis
comprising:

determining an amount of at least one protein chosen from
SEQ ID NO: 11 and SEQ ID NO: 71 in a first bioclogical sample
froma first subject:wi£hout liver fibrosis and/or cirrhosis;

detexrmining an amount of at least one protein chosen from
SEQ ID NO: 11 and SEQ ID NO: 71 in a second bioclogical sample
from a second subject known or suspected of having liver
fibrosis and/or cirrhosis; and

comparing the amount of said protein present in the first
biological sample from the first subject with the amount of
the protein present in the second biclogical sample from the

second subject.
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3. The method as c¢laimed in claim 2, wherein the amount

of at least one protein is determined by Western blot or ELISA.

4. The method as claimed in claim 3, wherein the at least

one protein is the SEQ ID NO: 11 protein.
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5. The method as claimed in claim 3, wherein the at least

one protein is the SEQ ID NO: 71 protein.
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Table 1. Clinical, chemical and fibrosis parameters in treated and untreated groups of rats

control DMN-treatment
Numeric variable 1-2 wk (n)* 34 wk (m)? 5-6 wk (n)" 1-2 wk (n)* 3-4 wk (n)* 5-6 wk (n)*
Albumin (g/dl} 4.440.4 (7) 4.6+0.2 (8) 47402 (8) 3.9+0.7 () 3.540.6 (11) 32401 (7)
GPT (UN) 6115267 (8)  65.9+19.7 (7) 50.344.9 (8) 459.5+78.5(8) S566.6+313.5(11)  763.6+405.2 (7)
GOT (U) 110.3+37.6 (8) 84.0+£23.5 (7) 109.1£23.5 (8) 661.5+134.4(8) 1006.1£749.6 (11) 1572.9+965.3 (7)
Bilirubin {mg/dl) 0.13+0.05 (8) 0.1040.01 (8) 0.13x0.05 (8) 0.72+0.53 (8) 1.01£0.74 (11) 1.131.00 (7)
AKP (KA) 46.0+3.7 (4) 448422(4)  47.0:13.6(4) 600.8493.0 (4)  668.34222.0 (3) 468+12.7 (2)
LDH (10/A) 262.3+75.1 (4)  289.3%31.7(3)  292.3+£31.3(4) 414.8+102.7 (4) 562.0+120.8 (3) 853.5491.2(2)
Globulin (g/dl) 6.9+0.3 (3) 6.940.5 (4) 7.3+0.2 (4) 6.750.1 (2) 5.0+0.8 (4) 3.640.3 (2)
AYXP (ng/dl) 0.3240.04 (4) 0.240.01 (2) 0.24+0.03 (4) 0.40+0.19 (4) 0.38+0.05 (4) 0.35:0.07 (2)
CHOL (mg/dl) 8845 (4) 71£20 (4) 91+5 (4) T8 (4) 70£13 (6) 67+18 (5)
BUN (mg/dl) 3142 (4) 2536 (4) 2639 (4) 3344 (4) 3612 (4) 31+5 (2)
ACP (mg/dl) 2.3+0.8 (4) 2.6+0.5 {4) 2.340.8 (4) 1.9+0.6 (4) 6.2+1.1 (4) 8.2+0.6 (2)
PT (sec) 1441 (7) 13+1 (8) 1341 (7) 1844 (8) 2044 (9) 2245 (6)
PLT (10%/-1) 741£245 (8) 0814124 (8) 893109 (8) 40772 (7) 300£165 (11} 229+302 (7)

GPT, glutamic pyruvic transaminase; GOT, glutamic oxaloacetic transaminase; Bilirubin, total bilirubin; AKP, alkaline phosphatase; LDH, lactate
dehydrogenase; AFP, a-fetoprotein; CHOL, cholesterol; BUN, blood urea nitrogen; ACP, acid phosphatase; PT, prothrombin time; PLT, blood

platelets.

a: Mean=SD of value from 1-2, 34 or 5-6 week in treated and untreated groups.



Table 2. The 63 selected genes and their human erthologs

ID [Method (Expression {Protein name-Rat [Official SymboliGene  [ID Human orthologs- [Official |Human
Iy name Symbol  |Homeclog
GenelD
SEQ |Proteomics [down cytochrome P450, |Cyp2cZ3 83790 -
1D family 2, subfamily
NO: 1 ¢, polypeptide 23
SEQ |Proteomics {down cytochrome P450, |Cyp2d13 24303 -
D family 2, subfamily
NO: 2 d, polypeptide 13
SEQ |Proteomics idown fatty acid synthase |Fasn 50671 |SEQIB fatty acid synthase |[FASN 2194
1D NO: 64
NQO:3 :
SEQ |Protecmics {down hydroxysteroid (17- |Hsd17b2 79243  (SEQID hydroxysteroid {(17- [HSD17B2 |3264
D beta) dehydrogenase NO: 65 beta) dehydrogenase
NOC: 4 2 2
SEQ [Proteomics (down Estrogen Ste2 - SEQ ID sulfotransferase, SULTI1E]l (6783
D sulfotransferase, NO: 66 estrogen-preferring
NO: 5 isoform 2
SEQ |Proteomics i down similar to cDNA 362399 ISEQID ZXD family zinc ZXDC 79364
1D sequence BC022133 NO: 67 finger C
NO: 6
SEQ [Proteomics {up 5100 calcium 5100a9 94195 |SEQID §100 calcium- S100A9  |6280
D binding protein A9 NQ: 68 binding protein A9
NO: 7 (calgranulin B)
SEQ |Proteomics {up actin, gamma, Actg(Actgl) 287876 |- - -
D cytoplasmic
NO: 8
SEQ |Proteomics [up aldehyde Aldhlal 24188 |SEQID aldehyde ALDHIAI 216
ID dehydrogenase NO: 69 dehydrogenase 1A1
NO: 9 family 1, member
Al




ID |Method {Expressicn |Protein name-Rat |Official Symbol|Gene |ID Human orthologs- (Official |Human
1D name Symbol  |[Homolog
GenelD
SEQ (Proteomics |[up Rho GDP Arhgdia 360678 |SEQID Rho GDP ARHGDIA [396
1D dissociation inhibitor NOQ: 70 dissociation inhibitor
NOC: (GD}) alpha (GDI) alpha
10
SEQ |Proteomics jup carbonic anhydrase [ |Cal_predicted {310218 |SEQ ID carbonic anhydrase I |CAl 759
1D (predicted) NO: 71
NO:
11
SEQ |Proteomics |up carbonic anhydrase |[Ca2 54231 (SEQID carbonic anhydrase |[CAZ2 760
D 2 ©ONO: 72 I
NO:
12
SEQ |Proteomics jup cytochrome P450  (Cyp2cl3 171521 |- - -
1D 2cl3
NO:
13
SEQ (Proteomics jup thyroid autoantigen |G22pl 25019 |SEQID ATP-dependent XRCC6 2547
D NQO: 73 DNA helicase IF, 70
NO: kDa subunit
14
SEQ |Proteomics |up myosin, heavy Myh9 25745 |SEQID myosin, heavy MYH9 4627
ID polypeptide 9 NO: 74 polypeptide 9, non-
NO: muscle
15
SEQ |Proteomics |up Myosin light Myl6 - SEQ ID similar to Myosin 124685
D polypeptide 6 NO: 75 light polypeptide 6
NO: {(Myosin light chain
16 alkali 3) (Myosin
iight chain 3) (MLC-
3 {ILCLD




ID |(Method |[Expression |Protein name-Rat |Official Symbol|Gene {ID Human orthologs- [Official |Human
D name Symbol (Homolog
GenelD
SEQ [Proteomics jup prosaposin Psap 25524 |SEQID Prosaposin PSAP 5660
1D NO: 76
NO:
17
SEQ {Proteomics |up similar to Myosin  JRGD1309537_p!501203 |SEQID myosin regulatory 10627
D regulatory light redicted NO: 77 light chain MRCL3
NO: chain 2-A, smooth
18 muscle isoform
(Myosin RLC-A)
{predicted)
SEQ [Proteornics jup solute carrier family [Sledal 24779 (SEQID solute carrier family |SLC4A1  [6521
D - 4, member 1 NO: 78 4, anion exchanger,
NO: member 1
19 (erythrocyte
membrane protein
band 3, Diego blood
group)
SEQ [|Proteomics [up transgelin 2 Tagln2 304983 |SEQID transgelin 2 TAGLN2 |8407
D (predicted) NO: 79
NO:
20
SEQ |Proteomics jup tropomyosin 3, Tpm3 117557 SEQID tropomyosin 3 TPM3 7170
D gamma NO: 80
NO:
21
SEQ (Proteomics |up talin Tln 313494 |SEQID talin 1 TLNI 7094
ID NQ: 81
NO:
22




ID  (Method |Expression |Protein name-Rat [Official Symbol Gene (ID Human ortholegs- {Official [Human

1D name Symbol |[Homolog
GenelD

SEQ |Proteomics [up similar to RGD1308525_ (298381 |SEQID enoyl Coenzyme A |ECHDC2 (55268

1D hypothetical protein |predicted NO: 82 hydratase domain

NO: D4Ertd765e containing 2

23 (predicted)

SEQ [Microarray |down aminoadipate Aadat 29416 {SEQID alpha-aminoadipate |AADAT {51166

1D aminotransferase NO: 83 antinotransferase

NO:

24

SEQ |Microarray [down acyl-CoA synthetase |Acsll 25288 ISEQID acyl-CoA. synthetase JACSL1 2180

1D long-chain farmily NO: 84 long-chain family

NO: member 1 mermber 1

25

SEQ |Microarray [down aldehyde Fthfd 64392 [SEQID aldehyde ALDHIL1 |10840

D dehydrogenase 1 NO: 85 dehydrogenase I

NO: family, member L1 family, member L1

26

SEQ Microarray |down arginosuccinate ASS 25698 ISEQID argininosuccinate  |ASS 445

1D synthetase NO: 86 synthetase

NO:

27

SEQ [Microarray |down dimethylglycine Dmgdh 245961 |SEQID dimethylglycine DMGDH [29958

D dehydrogenase NO: 87 dehydrogenase

NG:

28

SEQ Microarray |down dikydropyrimidinase {Dpys 65135 |SEQID dihydropyrimidinase |DPYS 1807

1D NO: 88

NO:

29

SEQ [Microarray |down phosphodiesterase  [Enpp2 84050 SEQID ectonucleotide ENPP2 5168

1D I'nucleotide NO: 89 pyrophosphatase/

NO: pyrophosphatase 2 phosphodiesterase 2

30 {autotaxin)




Method

D Expression |Protein name-Rat |Official Symbol|Gene  [ID Huaman orthologs- [Official  |Human

D name Symbol  jHomolog
GenelD

SEQ |Microarray |down fatty acid amide [Faah 29347 |SEQID fatty acid amide FAAH 2166

D hydrolase NO: 90 hydrolase

NO:

31

SEQ |Microarray [down guanidinoacetate Gart 25257 [SEQID guanidinoacetate N- [GAMT 2593

1D methyltransferase NO: 91 methyltransferase

NO:

32

SEQ |Microarray {down L-~gulono-gamma- [Gulo 60671 |- -

1D lactone oxidase

NO:

33

SEQ [Microarray |down 3- Hibadh 63938 [SEQID 3- HIBADH 11112

1D hydroxyisobutyrate NO: 92 hydroxyisobutyrate

NO: dehydrogenase dehydrogenase

34

SEQ |Microarray (down ketohexokinase Kk 25659 |SEQID ketohexokinase KHK 3795

D NO: 93

NO:

35

SEQ [Microarray |down kynureninage (L-  {Kynu 116682 |SEQID kynureninase (L- KYNU 8942

D kynurenine NQ: 94 kynurenine

NO: hydrolase) hydrolase)

36

SEQ [Microarray [down Pyruvate Pc 25104 SEQID pyruvate carboxylase(PC 5001

1D carboxylase NO: 95

NO:

37

SEQ |Microarray |[down pyruvate Pdk2 81530 [SEQID pyruvate PDK2 5164

1D debydrogenase NO: 96 dehydrogenase

NO: kinase 2 subunit p45 kinase, isoenzyme 2

38 {PDK2)




1D Method Expression {Protein name-Rat Official Symbol|Gene 1D Human orthologs- (Official Human
ID name Symbol  {Homolog
GenelD
SEQ |Microarray [down solute carrier family |Slc10al 24777 |SEQID solute carder family [SLCI0AL (6554
D 10, member 1 NO: 97 10 (sodium/bile acid
NO: cotransporter
39 family), member 1
SEQ |Microarray {down solute carrier family SEQ ID solute carrier family [SLC37A4 (2542
1D 37 {glycerol-6- NO: 98 37 (glycerol-6-
NO: phosphate Slc3724 29573 phosphate
40 transporter), member transporter), member
4 4
SEQ [Microarray |down similar to - 501086 |SEQID sulfotransferase SULTIC1 |6819
D Sulfotransferase K2 NO: 59 family, cytosolic,
NO: (zSULTIC2A) 1C, member 1
41
SEQ |Microarray jup arachidonate 5- AloxSap 20624 |SEQID arachidonate 5- ALOXSAP 241
D lipoxygenase NO; 100 |lipoxygenase-
NO: activating protein activating protein
42
SEQ |Microarray jup adenine Aprt_predicted (292072 |SEQID adenine APRT 353
D phosphoribosyl NGO: 101  [phosphoribosyltransf
NO: transferase erase
43 (predicted)
SEQ ([Microarray up brain abundant, Baspl 64160 [SEQID brain abundant, BASPI 10409
D mermbrane attached NO: 102 ;membrane attached
NO: signal protein 1 signal protein 1
44
SEQ {Microarray [up benzodiazepin Bzmp 24230 |SEQID peripheral BZRP 706
D receptor NQC: 103 benzodiazapine
NO: receptor
43




ID |Methed [Expression |(Protein name-Rat [Official Symbol|(Gene [ID Human orthologs- [Official |[Human
1D name Symbel |Homolog
GenelD
SEQ |Microarray jup carbonyl reductase  [{Chrl 29224 |SEQID carbonyl reductase 1 |CBR1 873
D NO: 104
NO:
46
SEQ {Microarray jup CDA47 antigen (Rh- |Cdd7 29364 |SEQID CD47 antigen CD47 961
18] related antigen, NQ: 105
NO: integrin-associated
47 signal transducer)
SEQ [Microarray |up embigin Emb 114511 [SEQID embigin homolog [EMB 133418
18] INO: 106
NO:
48
SEQ |Microarray |up myeloid Mydl16 171071 (SEQID protein phosphatase [PFPIR15A (23645
1D differentiation NO: 107 1, regulatory subunit
NO: primary response 15A
49 gene 116
SEQ |Microarray |up N-myc downstream [Ndrg2 171114 |SEQID N-myc downstream- (NDRG2  |57447
D regulated gene 2 NO: 108 [regulated gene 2
NQO:50
SEQ |Microarray jup expressed innon-  (Nmel 191575 |SEQID non-metastatic cells [NME1 4330
1D metastatic cells 1, NO: 109 1, protein {NM23A)
NO:51 protein (NM23A) expressed in
(nucleoside
diphosphate kinase)
SEQ |Microarray jup neuregulin 1 Nrgl 112400 SEQID neuregulin 1 NRG1 3084
D NO: 110
NO:
52
SEQ {Microarray [|up oxidized low density |Oldirl 140914 |SEQID oxidised low density [OLR1 4973
1> lipoprotein (lectin- NO: 111 lipoprotein {lectin-
NO: like) receptor 1 like) receptor 1
53

50




ID [Method |Expression |Protein name-Rat |Official SymboliGene {ID Human orthologs- |Official  |Human
1D name Symbol  Homolog
GenelD
SEQ [Microarray fup protein tyrosine Ptk9 315265 |SEQID twinfilin-like protein [PTK9L 11344
1D kinase 9 NO: 112
NO:
54
SEQ [Microarray |up syndecan binding  |Sdcbp 83841 [SEQID syntenin SDCBF (6386
D protein NO: 113
NO:
55
SEQ [Microarray jup serine protease Spink1 24833 ISEQID serine protease SPINK1 6690
D inhibitor, Kazal type INO: 114 {inhibitor, Kazal type
NO: 1 1
56
SEQ |Microarray jup tyrosine Ywhah 25576 [SEQID tyrosine YWHAH [7533
1D] 3/ayptophan 5 - NO: 115 3/tryptophan 5 -
NO: MONOOXygenase mMOonooXygenase
57 activation protein, activation protein,
eta polypeptide eta polypeptide
SEQ |Microarray [up 5100 calcium 8100al0 81778 ISEQID $100 calcium- S5100A10 |6281
D binding protein A10 | NC: 116  |binding protein A10
NO:
58
SEQ |Microarray Jup B-cell wanslocation |Btg2 29616 |SEQID B-cell translocation |[BTG2 7832
ID gene 2 NO: 117 gene 2
NO:
59
SEQ |Microarray jup 3'-phosphoadenosine |Papss2._ 294103 |SEQ ID 3'-phosphoadenosine [PAPSS1 (9061
1] 5'-phosphosulfate  |predicted NO: 118 5'-phosphosulfate
NO: synthase 2 synthase 1
60 (predicted)




TD |Method |Expression [Protein name-Rat |[Official Symbol|Gene [ID Human orthologs- [Official  [Human
1D name Symbol {Homolog

GenelD

SEQ |Microarray |up biogenesis of Bloc1s2 293938 |SEQID biogenesis of BLOC1S2 (282991

1D lysosome-related NO: 119 (lysosome-related

NO: organelles complex- organelles complex-

61 1, subunit 2 1, subunit 2

SEQ |Microarray [up Similar to RIKEN |[RGD1310681_ {297903 - 8

ID cDNA 6720467C03 |predicted

NO: (predicted)

62

SEQ |Microarray [up transformed mouse (Mdm?2_ 314856 |SEQID mouse double MDM2 14193

1D ) 3T3 cell double predicted NO: 120 |minute 2 homolog

NO: minute 2 (predicted)
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Table 3A. Imteracting network analysis of proteins selected from microarray study

Genes*

Top functions

ACTG1, ADARBI, AHCY, AKTI1, ALDOA, BASP1, BZRP, CD63, Crispl
(MGI:102553), EMB, FAAH, GLI1, GNMT, HRAS, IFNG, KHK, KRT18, MYC, MYCN,
NDRG2, NMEL, OTC, PPARA, RHOB, RPL23, RPL27, RPL35, RPL38, RPLA41, Rpml2,

RPS16, RPS27, RT1-A, SARDH, SLC37A4

Cancer, Cell Morphology,
Dermatological Diseases and Conditions

ACSL1, ALOXSAP. ANXA1. ASS, ATF3, CD47, CIDEC, CP, DF, FABPL, GPD1,

HOXA11, KYNU, MMP16, MTP, MYL6, OLR1. PC, PDK2 PF4, PLIN, PLP1, PPARG,

Lipid Metabolism, Small Molecnle

2 |pPPPIRI15A, PROC, PTGES, RGS7, SLC27A1, SPHK, TIMP1, TNF, UBQLN2, UCP2, [Biochemistry, Molecular Transport
UCP3, Wap
ACO2, AKR1B10, BIG2. CBR1, DAD1, DUSPS, ELF3, ENPP2, FGF2, GBP1, GLGI,

5  |GPL GRIN2C, HSPA1A, IGFALS, IL1B, JUN, KCNH2, MAOB, MT1L, MT2A, NR3C1, |Cancer, Cellular Movement, Cellutar

NRG1, P53AIP1, PHKGI1, S100A10, SDCBP, SHBG, SLC10A1, SL.C10A2, SPINK1,

SPRY1, TPS3, YWHAH, ZFP361.2

Growth and Proliferation

* Genes identified in the present study are underlined. The underlined genes that have not been reported to associate with liver injury are

in bold.




Table 3B. Interacting network analysis of proteins selected from iTRAQ proteomic study

Genes*

Top functions

ADDI1, ALB, ALDHI1AL, CA2, CASP3, CNN2, CTNNBI1, DIAI, ENPP1, GBA,
GM2A, HGF, HSD17B2, IL1B, [TPA, JTV1, KRT17, LMNA, LMNB2, MAP4,

®

TTR

Hovb-y, HBD, HBEL, HBG1, HBG2, HBQ1, HBZ, IL6, NTS, SOCS2, Stat5, TF, TG

1 |MYC, OAT, PLS3, PSAP, S100A9, SERPINH1, SLCAA1, SRM, SULTIEL, Cancer, Cell Cycle, Cell Morphology
TAGLN2, TGFB1, TLN1, TPM3, UGDH, VIM
ACADM, ACTC, ADCY7, ALDHZ, ALDOA, ALDOB, ARGZ, ARHGDIA, . )

,  [CD276,CNR2, CPS1, CROT, Cypdal0, Cypdal, EHHADH, EPHXI, FAAH, T];’.*’“;M‘?“t‘b"hg“" Small Molecule
FASN, EN1, G22P1, GNMT, GOT2, HOXD4, HPX, HRSP12, Ifil, [FNG, IL4, iochemistry, Organismal Injury and
LEP, Mugl, MYH9, MYODL, PPARA, SORD, TGM?2 Abnormalities
ALB. ANXAI, CLU, CYP2CI3, CYP3A2, FGA, FGB, FGG, FLII, GAL, GFAP, o @ o o
GHI. GHRH, GHRL, HBAL, HBA2, HBB, Hbb-ar; Hbb-b1, Hbb-b2, Hbb-bhl, ematelogical Disease, Endocrine System

3 oy evelopment and Function, Nervous

"System Development and Function

* Genes identified in the present study are underlined. The underlined genes that have not been reported to associate with liver injury are

in bold.




SEQ mi cytochrome P450, t’amllyiz, snhfamiiy €y polypepﬁd 23

_QQ'- EFLORGPLPIE
[KAQPEDPTRILAC

GKRSLBERVQEEAWCW 5
NEVWCQMYNLWPT

NLAV( ' ETTSTTLR: Qi DRV ﬁQPPSMKﬁWi;P
YTDAVLHEIQR TLVGSSLPHAWQDTKFRIJYVIPKG‘ITVLM.S LDOKEFANPEKFDPGHFLOKN
‘GCEKKTDY EVPFSLOKRACVGESEARMBLFLFFITLLOKFSCK TLVEPKDEDIK FITTOUINLPPEYKLC
LVPR

SEQID2 cytochrome PA450, i’annly 2 /sabfamily i, po!ypaphde 13

-'wsmmwxwv N
TLENFGYORKSLEQW

_ ANLR AGMVTT: HEDVQC Q
ADQAHMPRTNAVIHEVOREAD anmmsanmvmmm TELIP LKDETVWEKFLRFHP
'EHFL}OAQGNFVKHﬁAFMBFSAGRRACLGEPLARMELFLFFI‘GLLQRFS,F,SY?TGQPRPSbY’GVF&F‘LLSP‘
SPYQLCAFKR

SEQ!DS fattyaeid synthase

FGYVPACHNSEDTVTISOPO
VIRBPRPRSARWLSTSFEAQWOSSL




YHPIEGSITVEHSLAARLS VPTY.GLQC:
MGSQmAQQGPAPAHNNLFLPDGSHT
LLELKSLEDR! LITRSH
memsayxvsvm

-MNPPSSES:
V835D

“TKPEQ) by ' NEFQ
SKGRI; WSS 1PE MFSAVIROE
B KEIOENYGQEYVETQEL, mmmmmqumcmmmcmwxc

-pmmmmmmgrm '

_ SEQIDS Estrogen sulfotianstersse; Isoform 2
) MB'I‘SMI’EYYE\’FGD}‘-’HGFL VDKE] KYWED?E]

Q S EE] <
YFELHVIKS ) FSBFVEKFMEGQ GSW.YDHVKS FMFYEDM
LERDPSAELVDRIUQHTSFQEMENNPCT NYSMLPB'I‘MIDLKVSPFM R'KGWGDWKN HFPEALR‘ERPEEHY

QQQMKDCPVKFR:AEL .

ACHBKLHENNPRGHDHRHGKGCGK

QDNQLSFBECWLMG

SEQIDS actin, giinms, cytopla.»‘;mic .
‘MEEEIA ALVIDNG St GMCKAGFAGDDAPRAVFPS WGR]’RHQGVMVGMGQKDSWGDBAQS KRGIL’H,KYP'

SLYASORTTGIVMBSGDGYT Tvin GYAL
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DIRBKLCYVALDFEQEMATAASSSSLEKSYERLPDGQVITIGNERFRCPEALEQPSFLOMESCOIRETTEN
SIMECDVDIRKDLYANTY. GG_T’:M’YPG&&DRMQ!{EI?ALAPSI‘MKIxerPPERK?szIGGmASLs
TRQQMWISKQEYDESGPSIVERKCF ‘ '

smnn ‘didel f‘edehydmgenasermﬁw ermberAl

.mmomcvmpmmvsanm', WUNCY
TYAMKISQKNS -

SEQID 13 Rhu GDP dimciaﬁon inhlbitor:{GDD alpha ‘
. i € e s

SEQID 12 carbonic anhydrase’2 N
'MSHHWGYSKSN@PENWHwamnonmspvnmmmqnwmrm' YD

KT QSPD‘INGBYK’YSGRDSLIFL ASRAMFBSQGEBELTPFBMSIQCIQSVYT
SKI!SSDRDLLAWFYGTEKbK SVNFKSIYV QBLDNP Q K H!*RDL'{TGHGSDYS

mwmmssequrt?mu” CRI LVYEPOY! tEGKEAKRKADNE&,SASKK?KVBLSEE
‘BLKDLFAKGTLGKLTVPALRDICKAYOLKSGPRROEL

57



SEQIDIS lrwosin.hesvypu}ypepﬁdw e

DIQKMNP?KFS v
KKRHEMPPHIYAITDT

EEQLDNETKERQAASKQVRR AEKK] QY ;
NASRRKLQRELEDATETADAMNREVSSLKNKLRRG 2k

Y SQCGHVMRALGONPTNABVEEVLONPRSDEMNVEVEDFREE
FDREGNGTVMGAETRHVLVILGEKMTEERVEMLVAGHEDSNGCIN

MKPAQSSIR?CRLRPPNWAEGKDFWV STpE
GSPRISTEWNA

58



SEQID 19 solite carrier tamily 4, m‘""’“i o

-IFQDYPLQBS 3 " ]
_n.mvr,vnmmnmm,s, mmr.xv SIS ARGWV HPLOLYNH

mmgmvaPm S : bl th iy - R e f e | ptar e S " . FLEEL
SEQID20 trausgélin 2 (predieted) _ | _

¥ RQYDE YFGRENFGNWEKDGTVLCBLINSLY
PEGOAZVERIQASTMAFEQMEQISQFLQA - VORTLMNLGGLAVARD

"DOLESODRNWEPKKSKENPRNFSENQLOEGRNVIGLOMGTNREASQAGMTGYOMBRQIL

B {CSELEER ~
.mmmasnmscmnm.smmmm

SEQYD.22 talin
'MVALSLR!SIﬁNWKTMQFEPS'};MVYDACRMIRERIPBALAGPPSDFGLFLSDDBPKKGIWLEAGKALDY
RIRMEBGTVETI _VDDS‘KTVT VIE: fmqmmna- BLMBBKKDE

DSV SPRESTVLQQQY
AQOALTGTINSSMQAVOAAQA:
AGD AETD _-AVG VTI’ISSNL‘I‘EMSRGV 'L !

- 59



GGLIQTARALAVNPRm»pxwsv:.masm‘vshsrxxmsmmyaqr.mﬂmmamsCLRDLDQASL
AAVSQQLAPREGIS( ’I‘QMLTAVQE‘ HLIEPLASA QI. ,K SQM QYFBP .

mmeQQYmpsmBH' ‘
SEQ In 23 sliiilar o hypoiheﬁeal pmtcin DAErtd7656 (predmted}'

" 'SEQID24 aminocadipate aminotransferase.

MNYSRELTATSLARKTSPIRATVEIMSRAPKDIISLAPGSPNPRVEPEKSAVFTVENGSTIRFEGEMEQR
ALQYSSSYGIPELLSWLKQLOIKLHNRPTYNYSPNE Q LCTTS G KVEEMLINPGDTVLYNEP
gLK -KFLYTIPNGNNPTGNSLTG

FNKGBNCJAAGRLWEE_,



TLVCOGNQVPRPORFFQPT VFTDVEDEMYIAKERSFO) fmzsmmcnvmvnsnmmammsem
RDINKALYVSDKLQAGTVRINTY NKTDVAAPFOGFRQSCFOKDLGEA Y

SEQ YD 27 arginosuccinate synthmse

MSSKGSVVLAYSGGLDTSCILVWL QGYDVIAYLANIGQKBDFE&ARKKALELGA' NEIHDVSKEEVE
I - AQREGAK: - VRFELTCYSUAFQIK
[PKNQAPPGL-

VSVFKGQVYILGRESPLSLYNEELV MNVQODYRBID; ’!‘GFJMHS“ KE

SEQ ID28 dinigthylplyciné dehye

MLRLGALRLRGLALRSSOGRPSSAGLR]
LLEKSELTAGSTWBAAGL’ITYFHPG

: VLTEPIRTRLQKﬁGRKS;

‘SEQID31 fatiyacid amide hydrolise
MVLSEVWTTLSGVSGVCLACSLLSAAVVERWTGROKARGAATRARQRQRASLETMUK AVQRFRLOQNPDLY -
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SBALLTLPLLQLVQKLQSGELSPEAWBTY GRAWBVNKGTINGY
LKXECFSYKGHDSTLGLSENEG) ! Q¥
SKSPOGSSGOECALIOSGGS PLGLG" DIGG FPSA

LEKPLF MRP AEKL WKL O ' ; ]
ISYTVLYNCLOFFAS VVPVTTVTAEDDAQMELYK! FGDIWD]ILKKAMKNSVGL‘PVA.VQCVALPW'QEBL

; QP_TSVEBVRE‘VLALAREQKKKV VOGGHSPSDIACTDORMIEMO
w_KMHRVLQVDKEKK TVE/ ILLADLHPQLD MSNLG VTV vxesemmmxﬁ QY
*var.'rmunﬁﬂvwcsssm& DVFQAARVHLGCLGILTVIL ; -

’SEQ IDSS Ketahexokinase
VLDINV VDK PREDTORACLSCRY ORGENASNSE

Q ATMTALRRKST . gt
RGVVGDKREPEGIRVAPVPLYNSFHDVYKFI’RLLT" _

VREMGDN GVPVV] : : : GOGORGMR)
BELEBNYTRﬁYSEALAAFGNGMWBKFIEKPRHIEVQILGDQYGNILHDYERDCS!QERHQK’VVEI&EA
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THLDPQI.:RSR&TSDSVKLAK}QVGYBNAG'I‘VE‘ S
VSBGRSLPDLG RQBKIRI' ‘
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1S} -DPBSFRASIRLLAGHLKSTHGGKIDY:AG“ ISRGFL
) _'[JSYGKAELBIQKDALEPGQKVVIVDDLLATGGTMCAAC

SSEQSVAV KE
SEQTN4S benzodiazepin receptor:
MSQSWVPAV&L'{‘LVPSLGGFMGAYFYRGBGLRWYASLQKPSWHPPRWTLAPIWGTLYSAMGYGSYZIWKB

LGGH‘BEAMVPLGLYTQQLALNWAWPBIFFGARQMGWALVDLMLVSGVATA’ITLAWH‘RVSPPAARLLYPY
LAWLAFATMINYYVWRI SOSRL

SEQID 46 tarbonyl edactise:

MESDRPVALVTOANKGIGFAIVRDLCRRRLEDV VETAR BSRGHEAVI{QLQTBGLSPRPHQLDIDNPQSI
RALRDFLLQEYGGLNVEVNNAGIAFKVVDETEF Q-'- 3 FGTQDV KBLL’PHKPQGRV..V_‘ vss
SVSLRALKSCSPELOQKERSETITEERLVL KIGVTYE
KINEERREDKILLNACCPGWYRTDMAG -.KA'E‘KSPBEG ABTRV)

NKNS‘!“I‘RBQNFTSAKISVSDLLKG SLTMDTHE: ‘_\’Y
ILIVIFPILAILLFWGKPGIL QSHTN IL
IVISTGILILLOYNVEMTAFG ;
LLGLVYMKFVASNQRTIQPPRNN

SEQ - 48 e:'nb}'gm
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" PNLENIELYWNSYNNRRDLNFERGOEMTLKCPYMLYVGDQAPHEDA)
- PQLTQPGKLTEAFKY FVQGMGYMASSCMTRLSESRTASLTSAASIDGS

HI‘MEVSC

SEQ D51 expressed i in rion-metastatic celis’ 1, protein WA)'(nudgmide diphosphate kinase)-

MANSERTFIA!K?DGVQRGLVGBIIKRFBQKGFRLVGLKPIQASBBLLKBHYIDLKDRPFFSGLVKXMHS:
‘GPYVAMYWEGLNVVKTGRVMLOETN PADSKPGTIRGDFCIQ‘VGRNI[HGSDSVESAEKEISLWFQPEBLV‘

‘DYKSCAQNWIYE
SEQ ID 52 neumgulm 1.

SQSSESGTLPSGPPG-

mm.sqrnmsa _Hammsmpspasam-

3 &) LLVTPPRLR
PQQLNSFHHNBAHQST ; ORYESVOEP 5 ‘
NTSSVSSNSESE’I‘EDBRVGEDTPFLGIQNPLAASLBVAFAFRLAESRTNPAGRFSTQEELQARLSSVIAN
QDPIAY 3

SEQID53 éxidizéd Jow density ligoprotein aecﬁn_nm —

MAFDDKMKPYNGQPDGKSCGRKPK
ANLTQQD}HLBGQMSAQ:{KAEMSQ S K

FSICQKKANLLLTQ
SEQ IBSd pmtein tyrosine kinase 9

mmrmmpmemﬂéimmc@mwmcmmmm
JHIQRRGTC.

sm-ms# Eyrosine Sihyﬁtbﬁ'

BKKNS’VVEASJEA wiéz
LNEDSYKDSTLIMOLLRONLTEWTSDQODERA
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SEQ 11):58- §100 calcium blnding pratein AT)

] MPSQMBHAMETMML'I'FHRJ?AGEKNYLTKEDLRVLMEREEPGHENQKDELAVBWKDLDQGRDGKVGFQ
SELSEVAGLHACNDYFVV] HMKQKK

SEQID 59 . B-cell translocition gene 2
,MSHGKRTDMLPBLAMVGFLTSLLRTRGCVSEQ
N’HKMBPIISKVASQ]GLSQPQLHQLLPSELTLWV
MMESSPSWSS

'SRALQDALTDHYKHHWEPEKRPSKOSGYRCIRD
G HLYEBAPVATSYGLLTCKNQ__

LRRNLDDRDAQTKQ 4D
DFADEPAKLQDYRQAEVERLEA] ILTARNREALQLSQLERTRE
HABTELQRATIDATRTTREL RIKDIKNILSEFT VL QKIDED
BDLBVFRNSLYLSMps;iwzvmnsxsvi_en‘?t,s'rxcrsgTﬁQVA%CRTKKDQHvanEBDBBLBVTBDE

SEQID 64 fatly acld synfhase _
MEEVVIAGMSOKLPESENLOEFWDNLIGOVDMYTDDORRWR AGEYOLPRRSGKLKDLSREDASEEGVHPK

66



YLSGQELLWDQKAVL GEDES
[RRVOIKDAYSK AMLODRG

FFLMVAGHPNPGSFPBFVEKPMQGQ‘ oS VEEG v L
EBRKPSEELVD R‘IIHHTSPQEMKNNPSTNYTILP’DEIMNQKLSPPM HKGIT uuWKNHFTVALNEKFDKHYEE
QOMKRESTEKERTEL

SEQUD 67 2XD fanily siric finger €

MSKLLRURRKHDDDRRFTC 'VEGCGKSFTMEHLKGH_SWHLGTKPFBCPYE' COARFSARSS) ‘Y!HSKK
HVQDVGAPKSRCPVSTCNRLFTS kH§MKAHMVRQHSRRQDLLPQLEAPSSLTPSSELSSPGQSB&.TNMDL

67



AALFSDTPANASGSAGGSD ALNSGiLTXDVTSVSSSLGGNLPANNSSLGPME VLVAHSDIPPSLDSP"
LYLGTAATVLEOQGSRSYD 'VSAGAUGCLY ALPMENESDDELA] NLA ENAS!
VPELLAPIKVEPDSPS ;PQSTLESPAE! FEL GNEYLESGGSARTDYRA:
1QLAKEKKQKGAGSNAGASQSTQRK}KEGKMSBI? Q GSLVVPSGGRPGPAPAAGVOCGAQG,
VOVQLVQDDESGEGVLES ARGPATRLERLTVDLPVYVLQEVLPSSGGPAGEEATOFPGSTINLQDLY:

SSEQ ID 68 8100 mlﬁnm-bmdmg ‘protein A9

DADEDNAVEFAHHGVIYHQGOCUIAASR BS1 :
YDRILDLIESGKKEGAKLECGGGPW YEV: PTVESNYT, (RGPVQOIMKEKSE
mggm»;cvsrxnrnmms__, ALQAGTVWVE GYGVVS}\QCPFGGFKMSGNGKEL EYOPHEYTEVK.
TVIVKISQENS

SEQID 76 Rho GBP dissociation infiibiior (GDY):alpha

MAEQEPTAEGLAQIAAENERDBHS VN YK PPAQKSIQEIQELDKDDESLRKY:
VVTGLTLVCSSAPGPLELDLIGDLESFRKQSFVLREGVEY RIKISERVNREIVS
KTDYMVGSYGPRAREYEFLTPVEEAPKGMUARGS Y SIKSRFTDDDKTDHLSWEWD

SEQID 71 carbonicanhydraseT o
MASPDWGYDDKNGPEQ ‘KLY TANGN TRETKHD 'Li_cmfgrimmmmw GHSFHVN
: BLHYVAHWNS ASKAD-

VDASKAMSBSQSBDEK{TPFBMSIQC!QSV
AKRIL?EKDQFKG QQQ.K _.,MMG‘HGSB .

DiQKMNP .
KKRHEMPRRIVAIT. AYRSMMQDREDQSIL‘QW <t sﬁex_” B
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'LLQANPILBAFGNAK‘I’VKNDNSSRFGK!;?RINEDVNGYWGANIBTYLLBKSRAIRQAKEER’I‘PHIFYYL
; AMRIMOIPE

EYQRHGIEWNFIBFGLDLQP 1B
-‘QLKDKA_\ CITHY A ‘_KVDYK ‘

RNLE KNSTKQEILAALBKGCSF L?DPYQKQCDQFVAEYEPVMEILVEV MD?S E’V CLK[GACPSA HKPLL
"GPEKCIWGPSYWCQNI‘E’YAAQCNAVEHCIEHVWN

SEQID77 myosin feguliits igtit chain MRCLY

MSET TKTKTKKRPQRATSNV DQSQlQEFKBAENMIBQI}!RDGFIDKBDLRDM LASLUENPIDEYLD
AMMNEAPGPINFTMILTMEGE] DPﬁD‘VIRﬁ’kFAGFDEBAIG’FIQEDYLRELLTTMGDRFTDE'EVDE;
LYRBAPIDKKGNENY. [EFTRILK!

SEQ D78  salute earsier family-4, anfonexchanger, metibér 1 (arythrocyte migmbgane protein
haud 3, mego b!ood groug)
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SEQID79 transgelinZ:
MANRGPAYGLSREVOORIRKQYDADLEQIIGWY

PEGQARYKRIQASTMAFKGMEQISO QAAERYGMTDIF@

RPOPORENFQNWLKD

% : TYLCELINALY
WEGKNMACVORTLMNLGGLAVARD

DGLPSGDPNWEPRKSKENPRNFSDNQLQEGKNVIGLOMGTIR G ASQAGMTGYGMPROIL

SEQ 180 tropiomyosin3

MMEMKKEMGMLKLDKEN DRAEQAEAEQKQAEERSKQLEDBLAAMQKHJ{GTEDELDMQERLATALQ

KLEE&EKAAE

TIDDIEDELYAQRLKYKAISELOHALIDMISL

lSEQ ID8I tafinl

.ﬂ._-IIEGDLER’I_'E.B-




mmmmrrmmmvmsmcmmmr
naﬁPSPELKQQLmHSKRvAGSWEuQAABAM

IBRVILHIQVS: HPSTFNQLMISQLLHBWGBEGFMA VDR IQKDA ATKWL ; HY?
AAGMFLWI‘KVKG!NDVKELIEBKAVKMG%MLPGNAFYVDSSAPSPYLRASFSSASPEQMD AFQVLAQL

GFTGSTEVOKHIMKS
HDBFVRRYVEEVRKMKVC

mmmwsnma TV

SEQ E5) .1 axginmosuccinate synthewse

MSSKGSYVLAYSGGLDTSCILY LKBQGYDVIAYLANIGQKED‘FEBARK LKLGAKKVFIEDVSREFVB
“BEIWPAIQSSALYEDRYLLGTS! SH D SSCYSLAPQIK
VIAPWRMPEFYNRFKGRNDLMEYAKQHGIPIPVTBKNPWSM YEAGILENPKNQAPPGLYTKT

1



QDPAKAPNTPOILEIBFKKGVPVRVINVKDOITHQTSLRLPMYLNEVAGKHGYGRIDIVENRFIGMESRG:
IYBTPAGTILYHAHLDIBARTMDREVR KIKQOLGLKFABLVY TGRWHSPECEFVRECIAKSQERVEGKVQ

\'SVLEGQVYJIBRESPLSLYNEELVSWVQGDYEFIDATGFJNINSERLEBYHRLQSKWAK

SEQID:87 dhnethylglycine dehydroganase
MLRPGAQLL‘R g PRSY
AGMKDVVLL

RLVCLTLATDDVDBBGNESIWYNG .YGN'ITSGSYSYS?QKSLAFAYVPYQ?.SBVGQQVBVELIGKNYPA
VIQEPLVLTEPTANRLOKKGGKDKT

SEQID 88 dﬂ:ydropyrlnﬁdmase |

MARRSSFQSCQIISLFT’F : 53
CDRLC ,svrsccumm.cmmn' PR

Vi KYASERNGVNVIS ' 3 QPADKC
i,sVSSF!L?HRPDNEESCNSSEDESICW\?EELMKMBTAIWRDWH SLDFFRRTsRSYPmLTLKTYLﬁT

MVQ‘YELWMLPGASGV A
SEALLALPLPQLVQKLHSREL%;EA
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VSYTMLYNCLDERAGYYPVTTVIARDEAQMER YRGYFGDIWDKMLOQKGMEKS VOEPVYAVQEVALPWQEEL.
‘CLRFMREVERLMTPEKQSS

SEQ ID 91 ‘guanidindncetate N-methyliranstertse:

SAPSATPIFAPGENCSPAWGAAPAAYBAADTHLRILGKPVMBRW‘ETPYMHALAAAASSKGG]
MAIAASKVQEAFIDEHWHECNBBVFQ&RBW‘ABRQIHKVI WEDVAP GHEDG

RVEEVGFQ
LB FDTYPLS
FRRENIRTR

mwmqnsm-sncspmsmm ; msmmpssvmmm

SEQID93 ketohexokinase
MEBKQILCVGLWLBVISL; DRYI

BODSIAVILESGVHFYTGQUENIR
orlir e Sttt

SEQ D95 pym\'nfe carbnxylase

'jAHLp?_QI;R'rRL DSVKLAKQY:
VSEGRSIPDLGLRQENIRING
_HYDSLLVKVIAHGKDHP’EAA

SEQIDSE pyruvatedehydrogensse kinase, isoenzyme 2
MRWVWALLKNASLA G&PKY‘!EHFSKFSPSPLSMKQFLD F GSSNACBKTSF’IFLRQELPVRLAN!MKEINL
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LPDRVLSTPSVQLVQSWYVQSLLDIMEELDKBPB‘DHRTLSQFTDALWRNRHNDVVPTMAQGVLB KDT
. YGDDPVSNQNIQYFLDRFY ' ‘ !

__ LR % TLEPIKY
1 S.. AGFGYGLPISRLYAKYFQ DLQLFSME'
NKSAWRHY( ,_QxAmwcvpsmpmmvs

jMGRVSKKAB L

MA) ;SDLGKQIKLKEVEGTLLQPA mzw QIQS
KAMPSPRILXKTHLSTOLL

CORAHQHRHP! “"}ARP QPSUVERAK .
YHFORMNEMLEDPGT INGKYVWGSWEDHVKGWWEMKDRHO YEDIKRD mm;mq
FMC{KKVDETVL}?KIVQBTSFEKMKﬁNPMTNRSTvsKS!LDQSISSFMRKGTVGDWKNHPWAQNERFDEI
YRREMEGTSINFCMEL

SEQ Il)iﬁ& arachiﬂonate S—lipoxygenase«acﬁmhng'pmtein

MADSELQLVEQ DE

‘LAWLAFTFTLNY CVWRDNHGWRGGRRLPE

74



SEQID 104 carhony)redictise ]
: VT "IGLAWRDLCRLF&GDVVLT&RD?TRGQMWQQLQ@EG‘ mmqmmmqs:

AC HIQA’EVTMK'I‘NFFGTRDVCTE _ 85
EJ.. IzMwaanme HQEBGW?S

i ;NDTVVIPCFV'!‘.NMBKQM‘TE _.KWKFKGRDJXTHJG
ALNKSTV,PTDFSSAKIBVSQ KG!?. S0 TCEVTBELTREGET] LRYRVVSWFSPN
_BN!LIVIFPIFAILLFW’GQBGIMLKYRSGGMDEK GI A!LFY EQBYSLKNA‘TGL .

's"CFFRBEKEQRGTFNF LHGKN Gl
VINGTYANBTKLKIT E DGESYWCRALFOLGES

KGBAAPGPQS'”

BBEEDEEEDED ascg,n EEGRA

GFWMWEGLNWKTGRWLGBTN?ABSKPUTIRGDFCIQVGMH{GSDSVESAEKEIGLWWEELV
DYTSCAQNWIYE

'SEQ'II)IIG neuregﬁi
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fsMwmesrmmvmmsmmmmﬂqm& mmmmch_; ANLRAG.
SEQ ID 112 twinfilin:like pm!ein

MGDREQLLQRARLAEQA‘BR HEDRN KT
M”ADGNBKKLEKVKA ERISKEL w NIJVLSLLDKELIKN 3)zioh YERME! VASG
A 'I‘H%IRLG A ,wswwnxqmpnmcnm., AFRDATARL
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SEQID 119 biogenesis of lysosome-related organelles complex-1, subunit 2

MFSKMATYLTGELTATSEDYKLLENMNKLTSLKYLEMKDIAINISRNLKDLNQKY AGLQPYLDQINVIEE
QVAALEQAAYKLDAYSKKLEAKYKKLERR

SEQ ID 120 mouse double minute 2 homolog

MCNTNMSVPTDG‘AVTTSQIPASEQETLV‘RPKPI..L-LKLLKSVGAQKDTYTMKEVLFYLGQ_.YIMT-KRLYDEK
QQHIVYCSNDLLGDLEGVPSFSVKEHRKIYTMIYRNLVVVNQQESSDSGTS VSENRCHLEGGSDQKDLYQ
ELQREKPSSSHLVSRPSTSSRRRAJSETEENSDELSGERQRKRHKSDSISLSFDESLALCVIREICCERS
SSSESTGTPSNPDLDAGVSEHSGDWLDQDSVSDQFSVEFEVESLDSEDY SLSEEGQELSDEDDEVYQVTV
YQAGESDTDSFEEDPEISLADYWERECTSCN EMNPPLPSHCNRCWALRENWLPEDKGKDKGEISEKAKLENS
TQAEEGFDVPDCKKTIVNDSR-ESCV‘EENDD-KITQASQSQESEYSQPSTSS SIIYSSQEDVKEPEREETQ
DKEESVESSLPLNAIEPCVICQURPKNGCIVHOKTGHLMACFTCAKKLKKRNEPCPYCRQPIGMIVLTYF
P
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