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Description

Cross-Reference to Related Applications

[0001] This application claims the benefit of U.S. Provisional Applications No. 61/410,430 filed 05 November 2010.

Incorporation by Reference

[0002] A Computer Readable version of the Sequence Listing containing SEQ ID NOs: 1-13 has been filed electron-
ically, herewith, on file: Weisleder_2011_ST25.txt; size 49 KB; created on: 02 November 2011; using PatentIn-3.5.1,
and Checker 4.4.0.

Field of the Invention

[0003] Described are diagnostic compositions and methods for measuring biomarkers of tissue damage.

Background

[0004] Plasma membrane repair is a highly conserved mechanism that appears in nearly every eukaryotic organism,
from single cell amoebas to most cell types in the human body. It is a prerequisite for development of complex cellular
systems and organelle function, for maintenance of cellular integrity following disruption of the lipid bilayer. An ancient
primordial cell would not be able to develop the metabolic resources necessary to produce more sophisticated intracellular
organelles if any disruption of the external cell membrane resulted in the death of the cell. While a simple lipid bilayer
will reseal through thermodynamic principles, establishment of a cytoskeleton network necessitates that the bilayer
bordering the cell be held under some degree of tension. When it is held under tension even small disruptions of a lipid
bilayer cannot spontaneously reseal (Togo, T., Krasieva, T. B. & Steinhardt, R. A. A decrease in membrane tension
precedes successful cell-membrane repair. Mol Biol Cell 11, 4339-46 (2000)), thus intracellular resealing mechanisms
must exist to allow for development of complex cellular systems. Multicellular organisms benefit from the capacity to
repair cell membranes, particularly in long lived animals where loss of cellular viability could lead to progression of a
disease state, such as the heart and brain where there is limited regenerative capacity.

[0005] While membrane repair is a conserved mechanism essential for evolutionary development and maintenance
of sensitive organs in humans, the pathways facilitating this process are poorly understood. Little, if anything, is known
about the mechanism(s) of how a cell repairs disruptions of the plasma membrane. This is not because membrane repair
is not common or unimportant; it is simply due to the lack of understanding of the cellular and molecular machinery that
regulates this process. While some cells cope with damage to the plasma membrane by death and replacement, many
previous studies indicate that repair of acute damage to the plasma membrane is an important aspect of normal cellular
physiology (McNeil, P. L. & Ito, S. Gastrointestinal cell plasma membrane wounding and resealing in vivo. Gastroenter-
ology 96, 1238-48 (1989); McNeil, P. L. & Steinhardt, R. A. Plasma membrane disruption: repair, prevention, adaptation.
Annu Rev Cell Dev Biol 19, 697-731 (2003)), and disruption of this process can result in a number of different diseases,
including muscular dystrophy, heart failure and neurodegeneration (Bansal, D. et al. Defective membrane repair in
dysferlin-deficient muscular dystrophy. Nature 423, 168-72 (2003); Bazan, N. G., Marcheselli, V. L. & Cole-Edwards, K.
Brain response to injury and neurodegeneration: endogenous neuroprotective signaling. Ann N Y Acad Sci 1053, 137-47
(2005); Han, R. et al. Dysferlin-mediated membrane repair protects the heart from stress-induced left ventricular injury.
J Clin Invest 117, 1805-13 (2007)).

[0006] Previous studies established the basic framework of the plasma membrane repair response (McNeil, P. L. &
Steinhardt, R. A. Plasma membrane disruption: repair, prevention, adaptation. Annu Rev Cell Dev Biol 19, 697-731
(2003)). Itis known that this process requires the translocation of intracellular vesicles (Miyake, K. & McNeil, P. L. Vesicle
accumulation and exocytosis at sites of plasma membrane disruption. J Cell Biol 131, 1737-45 (1995)) to the injury site
through the action of kinesin and myosin motor proteins. These vesicles then fuse with the plasma membrane in a Ca2*
dependentmanner to form a repair "patch", a process similar to the release of neurotransmitters from neurons (Steinhardt,
R. A, Bi, G. & Alderton, J. M. Cell membrane resealing by a vesicular mechanism similar to neurotransmitter release.
Science 263, 390-3 (1994)). Thus, this repair process can be divided into discreet steps involving the; 1) sensing of
membrane damage, 2) translocation of vesicles to the injury site, and 3) fusion of vesicles with the plasma membrane.
However, the molecular machinery involved in the cellular repair process is not well defined.

[0007] Recentstudies have identified some molecular components of cell membrane repair, particularly those involved
in a pathway thought to be specific to striated muscles. One major finding was our recent discovery that MG53, a muscle-
specific TRIM family protein (TRIM72), is an essential component of the acute membrane repair machinery (Cai, C. et
al. MG53 nucleates assembly of cell membrane repair machinery. Nat Cell Biol 11, 56-64 (2009); Weisleder, N., Take-
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shima, H. & Ma, J. Mitsugumin 53 (MG53) facilitates vesicle trafficking in striated muscle to contribute to cell membrane
repair. Communicative & Integrative Biology 2, In Press (2009); Cai, C. et al. MG53 regulates membrane budding and
exocytosis in muscle cells. J Biol Chem 284, 3314-22 (2009); Cai, C. etal. Membrane repair defects in muscular dystrophy
are linked to altered interaction between MG53, caveolin-3, and dysferlin. J Biol Chem 284, 15894-902 (2009)). MG53
acts as a sensor of oxidation to oligomerize and then recruit intracellular vesicles to the injury site for membrane patch
formation. We found that MG53 can interact with dysferlin, another protein involved in membrane repair, to facilitate its
membrane repair function, and the membrane ftrafficking function of MG53 can be modulated through a functional
interaction with caveolin-3 (Cav3) (Cai, C. et al. MG53 regulates membrane budding and exocytosis in muscle cells. J
Biol Chem 284, 3314-22 (2009); Cai, C. et al. Membrane repair defects in muscular dystrophy are linked to altered
interaction between MG53, caveolin-3, and dysferlin. J Biol Chem 284, 15894-902 (2009)). Our data indicate that main-
tenance of the MG53-dysferlin-Cav3 molecular complex is essential for repair of the muscle cell membrane and that
disruption of these interactions can results in muscular dystrophy and cardiac dysfunction.

[0008] Our published findings show that elevated MG53 expression within a cell can increase resistance to cellular
disruption, however there are obvious hurdles in controlling MG53 expression in an organism as a therapeutic approach.
However, it was also discovered that placing recombinant MG53 protein outside of the cell can increase the capacity of
both muscle and non-muscle plasma membranes to reseal following damage. Direct proof-of-concept studies for the
therapeutic use of recombinant MG53 as a membrane repair reagent were based on strong in vitro and in vivo animal
model studies, which were detailed in two previous patent applications (PCT/US2007/015815 and PCT/US2008/085573).
Recombinant MG53 was found to be highly effective at increasing membrane repair in skeletal muscle, cardiac muscle,
epithelial cells and several other cell types. These results indicate that isolated MG53 protein can be applied externally
to many different cell types and it will target to sites of membrane damage increase membrane resealing, preventing
pathology and improving the structure and function of the tissue.

[0009] Herein, we present for the first time data indicating that endogenous MG53 can be detected in circulating blood,
and that the level of MG53 in blood serum varies in control (i.e., normal) versus disease. As such, MG53 can be used
as a diagnostic biomarker for tissue injury. Moreover, targeting serum MG53 can be a potential therapeutic means for
treatment of tissue injury in human diseases.

Summary

[0010] The description relates to the surprising and unexpected discovery that MG53 and/or a portion thereof (collec-
tively, "MG53") can be detected in the circulating blood. Moreover, the amount of MG53 varies between normal or healthy
subjects versus subjects suffering from a pathological condition, e.g., a muscle-related disease or disorder. Thus, in
certain aspects, the description provides methods for detecting an MG53 polypeptide in a biological fluid of a subject.
In certain embodiments, the presence and/or amount of the polypeptide is indicative of a subject suffering from a
pathological condition, e.g., tissue damage or muscle-related disease or disorder.

[0011] As such the detection of MG53 or portions thereof in the blood or serum of a subject are useful for, e.g., 1)
determining if a disease or disorder (e.g., muscle-related disease or disorder) exists; 2) determining if the disease or
disorder can be treated by an agent or combination of agents; 3) selecting an appropriate agent or combination of agents
for treating the disease or disorder; 4) monitoring the disease or disorder; 5) monitoring the effectiveness of an ongoing
treatment, 6) identifying new treatments (single agent or combination of agents); 7) predicting a subject’s clinical outcome;
and 8) monitoring performance during exercise. In particular, MG53 may be utilized as a marker (surrogate and/or direct)
to determine appropriate therapy, to monitor clinical therapy and human trials of a drug being tested for efficacy, and to
develop new agents and therapeutic combinations.

[0012] In additional aspects, the description provides agents, e.g., probes, capable of specifically binding to MG53
and/or portions thereof or both. In certain embodiments, the agent or probe is an antibody capable of specifically binding
to MG53 and/or a portion thereof or both.

[0013] In an additional aspect, the description provides agents, e.g., anti-MG53 antibodies, for use in manufacturing
of a composition for performing a method as described herein.

[0014] In an additional aspect, the description provides agents, e.g., anti-MG53 antibodies, for use in a method as
described herein.

[0015] Inanadditional aspect, the description provides kits comprising an agent or probe capable of specifically binding
to MG53, and directions for performing a diagnostic method as described herein.

[0016] Additional advantageous features and functionalities associated with the compositions, methods, and processes
of the present invention will be apparent from the drawings presented herein, as well as the detailed description which
follows. The publications and other materials used herein to illuminate the background of the invention, and in particular
cases, to provide additional details respecting the practice, are listed in the appended bibliography.

[0017] In particular the invention relates to:
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a method for diagnosing and/or monitoring at least one of a muscle tissue injury, exercise capacity, muscle-related
disease or disorder or a combination thereof in a subject comprising the steps of:

a) obtaining a biological fluid sample from a test subject selected from the group consisting of whole blood,
plasma, serum, and a combination thereof;

b) determining the presence and/or amount of MG53 in the sample;

¢) comparing the presence and/or amount of MG53 in the sample to a reference or control sample, wherein an
increase in the presence and/or amount of MG53 over the control is indicative of a muscle tissue injury, exercise
capacity, or muscle-related disease or disorder or combination thereof; and

d) identifying whether the subject has an increase in the presence and/or amount of MG53, and thereby, at
least one of a muscle tissue injury, a change in exercise capacity, a muscle-related disease or disorder or a
combination thereof,

and

a method for determining whether treatment with a therapeutic agent should be continued in a subject suffering
from a muscle-related disease or disorder comprising the steps of:

a) isolating or obtaining from at least two time points during the course of treatment, a biological fluid sample
from a test subject selected from the group consisting of whole blood, plasma, serum, and a combination thereof,
from a subject to be tested ("test samples");

b) determining the presence and/or amount of MG53 in the test samples;

c) comparing the presence and/or amount of MG53 in the test samples; and

d) wherein an increase of presence and/or amount of MG53 during the course of treatment is determinative for
the discontinuation of the treatment.

Brief Description of the Drawings

[0018] The accompanying drawings, which are incorporated into and form a part of the specification, illustrate several
embodiments of the present invention and, together with the description, serve to explain the principles of the invention.
The drawings are only for the purpose of illustrating an embodiment of the invention and are not to be construed as
limiting the invention.

FIGURE 1. MG53 is a muscle specific member of the TRIM protein family. An alignment of the protein sequence
of MG53 from various organisms (See SEQ ID NOs.: 1, 3, 5-13) reveals this protein to be a member of the TRIM
family. Functional domains are boxed in grey while arrows indicate the domain continues onto another line of the
sequence.

FIGURE 2. Levels of native MG53 in the blood increase in dystrophic mice and with exercise. (a) Western
blot for appearance of MG53 in mouse serum samples (100ug total protein) from two wild type (wt) C57BL/10J mice
at the resting state at the resting state (-) and following 1.5 hours of 15° downhill treadmill running at 10 m/s (+).
Serum MG53 levels were measured in one mouse 24 hours after treadmill running (24h after). (b) Western blot for
appearance of MG53 in mouse serum samples (100ug total protein) from two wild type (wt) C57BL/10J mice and
two dystrophic mice (mdx) at the resting state at the resting state (-) and following 1.5 hours of 15° downbhill treadmill
running at 10 m/s (+). M indicates the positions of molecular weight markers that do not appear on the western blot.
(c) Summary of densitometry data from multiple experiments (n=6 mice per group). Compared to WT mice, mdx
mice displayed a higher basal level of serum MG53, and also a significant increase after treadmill running. due t of
damaged and permeable muscle fibers. ** p<0.01.

FIGURE 3. MG53 is released from cardiac tissues following ischemial reperfusion injury to the heart. (a) A
western blot for the presence of MG53 in samples of perfusion buffer from a Langendorff perfused wild type
(C57BL/10J) mouse heart at indicated times following reperfusion after 30 minutes of global ischemia. The mouse
heart was perfused with Kreb’s buffer for an equilibration period of 30 minutes, then all flow was ceased for 30
minutes followed by reperfusion for 1 hour. Perfusates were collected last 10 minutes of equilibration as baseline,
then atintervals of 0-1’,1’-2’,2’-3',3’-5’,5’-10°,10’-20°,20°-30’,30-40’,40’-50’,50’-60’. Perfusates were concentrated 10
times by centrifugation concentration membrane units. (b) Creatine kinase (CK) levels were also measured for the
same samples using an enzyme activity kit. There is a correlation between the levels of CK and MG53 following
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this injury to the heart.

FIGURE 4. Exemplary Mouse anti-human MG53 monoclonal antibodies. (a) Depicts the structural arrangement
of domains in full-length human MG53 (hMG53). Human MG53 is a 477 amino acid protein that has an approximate
molecular mass of 53 kDa. (b) Demonstrates exemplary maltose binding protein (Mal)-hMG53 fusion proteins that
were used to generate mouse-anti-hMG53 monoclonal antibodies. At the right, the specific amino acids of h(MG53
in each fusion protein is indicated (with reference to (a), Ring = includes Ring domain; RBCC = includes the Ring-
Bbox-Coiled Coil domains; 2RY = includes the PRY and SPRY domains). (c) Is a Western Blot demonstrating the
specificity of a number of exemplary anti-hMG53 monoclonal antibodies (i.e., antibodies from a single hybridoma
cell) against microsome (m) isolated from mouse skeletal muscle, and each of the five constructs from (b) (i.e.,
lanes 1-5).

FIGURE 5. Native MG53 in serum samples can be detected through the use of ELISA assays. (a) To determine
if an ELISA assay can detect recombinant MG53 we generated a sandwich ELISA using the mouse monoclonal
antibody 5259 (40ug/ml) as a capture antibody and a rabbit affinity purified polyclonal anti-MG53 Ab (1:500) as a
detection antibody. A HRP-conjugated anti-rabbit IgG antibody (1:1000) was used to develop the ELISA. Recom-
binant human MG53 protein was applied to this assay at various concentrations (as indicated) where a dose-
dependent signal could be seen in the ELISA assay. (b) Mouse serum samples from exercised MG53 knockout
(MG53-/-), as a negative control, and mdx mice, as a positive control, were applied to the ELISA assay (20ul each
well). While the MG53-/- serum matched a no-protein control (PBS) there was a great increase in signal with the
mdx serum, indicating that an ELISA can be used to detect native MG53 levels in serum.

Detailed Description

[0019] The following is a detailed description of the invention provided to aid those skilled in the art in practicing the
present invention. Those of ordinary skill in the art may make modifications and variations in the embodiments described
herein without departing from the scope of the presentinvention. Although any methods and materials similar or equivalent
to those described herein can also be used in the practice or testing of the present invention, the preferred methods and
materials are now described. Unless otherwise defined, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art to which this invention belongs. The terminology
used in the description of the invention herein is for describing particular embodiments only and is not intended to be
limiting of the invention.

[0020] Mitsugumin53 (MG53)is a muscle-specific tri-partite motif (TRIM) family protein capable of facilitating the repair
of cell membranes. See U.S. Patent No. 7,981,866; PCT/US2007/015815; and PCT/US2008/085573. Previously, the
inventors discovered that MG53 expression facilitates intracellular vesicle trafficking to and fusion with the plasma
membrane. In addition, vesicular fusion during acute membrane repair is driven by MG53, homologs, analogs, and
fragments derived therefrom (herein, collectively, "MG53") (see, e.g., SEQ ID NOs.: 1-13). Surprisingly, it was discovered
that MG53 proteins, homologs, analogs, and fragments derived therefrom, (herein, collectively, "MG53;" see, e.g., SEQ
ID NOs.: 1-13) are capable of facilitating membrane repair even when present on the outside of a cell.

[0021] Presently, it has been surprisingly and unexpectedly discovered that MG53 can be detected in the circulating
blood or serum of a subject. Moreover, the presence and/or amount of MG53 varies between normal or healthy subjects
versus subjects suffering from a pathological condition, e.g., tissue damage or a muscle-related disease or disorder.
Thus, in certain aspects, the description provides diagnostic methods for detecting an MG53 polypeptide in a biological
fluid isolated from a subject.

[0022] As used herein, the following terms may have meanings ascribed to them below, unless specified otherwise.
However, it should be understood that other meanings that are known or understood by those having ordinary skill in
the art are also possible, and within the scope of the present invention.

[0023] Where arange of values is provided, it is understood that each intervening value, to the tenth of the unit of the
lower limit unless the context clearly dictates otherwise, between the upper and lower limit of that range and any other
stated or intervening value in that stated range is encompassed within the invention. The upper and lower limits of these
smaller ranges which may independently be included in the smaller ranges is also encompassed within the invention,
subject to any specifically excluded limit in the stated range. Where the stated range includes one or both of the limits,
ranges excluding either both of those included limits are also included in the invention.

[0024] Unless indicated otherwise, "MG53" is used generally to refer to MG53, MG53 homologs, MG53-derived
polypeptides, including mutants, fragments, portions, and epitopes thereof, as explicitly, implicitly, or inherently described
herein.

[0025] It mustbe noted that as used herein and in the appended claims, the singular forms "a", "and", and "the" include
plural references (i.e., refer to one or to more than one or at least one) to the grammatical object of the article. By way
of example, "an element" means one element or more than one element.

[0026] The term "about" as it is used herein, in association with numeric values or ranges, reflects the fact that there
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is a certain level of variation that is recognized and tolerated in the art due to practical and/or theoretical limitations. For
example, minor variation is tolerated due to inherent variances in the manner in which certain devices operate and/or
measurements are taken. In accordance with the above, the phrase "about " is normally used to encompass values
within the standard deviation or standard error.

[0027] As used herein, "derivatives" are compositions formed from the native compounds either directly, by modifica-
tion, or by partial substitution. As used herein, "analogs" are compositions that have a structure similar to, but not identical
to, the native compound.

[0028] The term "polypeptides" can mean, but is in no way limited to, recombinant full length, pro- and/or mature
polypeptide forms as well as the biologically active forms, including fragments or splice variants, or recombinantly made
truncations or portions derived from the full length polypeptides. Furthermore, polypeptides of the invention may include
amino acid mimentics, and analogs. Recombinant forms of the chimeric polypeptides can be produced according to
standard methods and protocols which are well known to those of skill in the art, including for example, expression of
recombinant proteins in prokaryotic and/or eukaryotic cells followed by one or more isolation and purification steps,
and/or chemically synthesizing cytokine polypeptides or portions thereof using a peptide sythesizer.

[0029] The term "effective amount/dose," "pharmaceutically effective amount/dose," "pharmaceutically effective
amount/dose" or "therapeutically effective amount/dose" can mean, but is in no way limited to, that amount/dose of the
active pharmaceutical ingredient sufficient to prevent, inhibit the occurrence, ameliorate, delay or treat (alleviate a symp-
tom to some extent, preferably all) the symptoms of a condition, disorder or disease state. The effective amount depends
on the type of disease, the composition used, the route of administration, the type of mammal being treated, the physical
characteristics of the specific mammal under consideration, concurrent medication, and other factors which those skilled
in the medical arts will recognize. Generally, an amount between 0.1 mg/kg and 1000 mg/kg body weight/day of active
ingredients is administered dependent upon potency of the agent. Toxicity and therapeutic efficacy of such compounds
can be determined by standard pharmaceutical procedures in cell cultures or experimental animals, e.g., for determining
the LD50 (the dose lethal to 50% of the population) and the ED50 (the dose therapeutically effective in 50% of the
population). The dose ratio between toxic and therapeutic effects is the therapeutic index and it can be expressed as
the ratio LD50/ED50. Compounds that exhibit large therapeutic indices are preferred. While compounds that exhibit
toxic side effects may be used, care should be taken to design a delivery system that targets such compounds to the
site of affected tissue in order to minimize potential damage to uninfected cells and, thereby, reduce side effects. The
data obtained from the cell culture assays and animal studies can be used in formulating a range of dosage for use in
humans. The dosage of such compounds lies preferably within a range of circulating concentrations that include the
ED50 with little or no toxicity. The dosage may vary within this range depending upon the dosage form employed and
the route of administration utilized. For any compound used in the method of the invention, the therapeutically effective
dose can be estimated initially from cell culture assays. A dose may be formulated in animal models to achieve a
circulating plasma concentration range that includes the IC50 (i.e., the concentration of the test compound which achieves
a half-maximal inhibition of symptoms) as determined in cell culture. Such information can be used to more accurately
determine useful doses in humans. Levels in plasma may be measured, for example, by high performance liquid chro-
matography.

[0030] The term "pharmacological composition," "therapeutic composition," "therapeutic formulation" or "pharmaceu-
tically acceptable formulation" can mean, but is in no way limited to, a composition or formulation that allows for the
effective distribution of an agent provided by the invention, which is in a form suitable for administration to the physical
location most suitable for their desired activity, e.g., systemic administration.

[0031] The term "pharmaceutically acceptable" or "pharmacologically acceptable” can mean, but is in no way limited
to, entities and compositions that do not produce an adverse, allergic or other untoward reaction when administered to
an animal, or a human, as appropriate.

[0032] The term "pharmaceutically acceptable carrier" or "pharmacologically acceptable carrier" can mean, but is in
no way limited to, any and all solvents, dispersion media, coatings, antibacterial and antifungal agents, isotonic and
absorption delaying agents, and the like, compatible with pharmaceutical administration. Suitable carriers are described
in the most recent edition of Remington’s Pharmaceutical Sciences, a standard reference text in the field. Preferred
examples of such carriers or diluents include, but are not limited to, water, saline, finger’s solutions, dextrose solution,
and 5% human serum albumin. Liposomes and non-aqueous vehicles such as fixed oils may also be used. The use of
such media and agents for pharmaceutically active substancesis well known in the art. Exceptinsofar as any conventional
media or agentis incompatible with the active compound, use thereof in the compositions is contemplated. Supplementary
active compounds can also be incorporated into the compositions.

[0033] The term "systemic administration" refers to a route of administration that is, e.g., enteral or parenteral, and
results in the systemic distribution of an agent leading to systemic absorption or accumulation of drugs in the blood
stream followed by distribution throughout the entire body. Suitable forms, in part, depend upon the use or the route of
entry, for example oral, transdermal, or by injection. Such forms should not prevent the composition or formulation from
reaching a target cell (i.e., a cell to which the negatively charged polymer is desired to be delivered to). For example,
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pharmacological compositions injected into the blood stream should be soluble. Other factors are known in the art, and
include considerations such as toxicity and forms which prevent the composition or formulation from exerting its effect.
Administration routes which lead to systemic absorption include, without limitations: intravenous, subcutaneous, intra-
peritoneal, inhalation, oral, intrapulmonary and intramuscular. The rate of entry of a drug into the circulation has been
shown to be a function of molecular weight or size. The use of a liposome or other drug carrier comprising the compounds
of the instant invention can potentially localize the drug, for example, in certain tissue types, such as the tissues of the
reticular endothelial system (RES). A liposome formulation which can facilitate the association of drug with the surface
of cells, such as, lymphocytes and macrophages is also useful.

[0034] The term "local administration" refers to a route of administration in which the agent is delivered to a site that
is apposite or proximal, e.g., within about 10 cm, to the site of the lesion or disease.

[0035] Theterm "nucleotide" can mean, butis no way limited to, a heterocyclic nitrogenous base in N-glycosidic linkage
with a phosphorylated sugar. Nucleotides are recognized in the art to include natural bases (standard), and modified
bases well known in the art. Such bases are generally located at the 1’ position of a nucleotide sugar moiety. Nucleotides
generally comprise a base, sugar and a phosphate group. The nucleotides can be unmodified or modified at the sugar,
phosphate and/or base moiety, (also referred to interchangeably as nucleotide analogs, modified nucleotides, non-
natural nucleotides, non-standard nucleotides and other; see for example, Usman and McSwiggen, supra; Eckstein et
al., International PCT Publication No. WO 92/07065; Usman et al., International PCT Publication No. WO 93/15187;
Uhlman & Peyman, supra. There are several examples of modified nucleic acid bases known in the art as summarized
by Limbach et al., 1994, Nucleic Acids Res. 22, 2183. Some of the non-limiting examples of chemically modified and
other natural nucleic acid bases that can be introduced into nucleic acids include, for example, inosine, purine, pyridin-
4-one, pyridin-2-one, phenyl, pseudouracil, 2,4,6-trimethoxy benzene, 3-methyl uracil, dihydrouridine, naphthyl, ami-
nophenyl, 5-alkylcytidines (e.g., 5-methylcytidine), 5-alkyluridines (e.g., ribothymidine), 5-halouridine (e.g., 5-bromour-
idine) or 6-azapyrimidines or 6-alkylpyrimidines (e.g. 6-methyluridine), propyne, quesosine, 2-thiouridine, 4-thiouridine,
wybutosine, wybutoxosine, 4-acetyltidine, 5-(carboxyhydroxymethyl)uridine, 5’-carboxymethylaminomethyl-2-thiourid-
ine, 5-carboxymethylaminomethyluridine, beta-D-galactosylqueosine, 1-methyladenosine, 1-methylinosine, 2,2-dimeth-
ylguanosine, 3-methylcytidine, 2-methyladenosine, 2-methylguanosine, N6-methyladenosine, 7-methylguanosine, 5-
methoxyaminomethyl-2-thiouridine, 5-methylaminomethyluridine, 5-methylcarbonyhnethyluridine, 5-methyloxyuridine,
5-methyl-2-thiouridine, 2-methylthio-N6-isopentenyladenosine, beta-D-mannosylqueosine, uridine-5-oxyacetic acid, 2-
thiocytidine, threonine derivatives and others (Burgin et al., 1996, Biochemistry, 35, 14090; Uhlman & Peyman, supra).
[0036] The term "nucleic acid" or "polynucleotide" can mean, but is in no way limited to, a molecule having more than
one nucleotide, and is intended to include DNA molecules (e.g., cDNA or genomic DNA), RNA molecules, analogs of
DNA or RNA, including locked nucleic acids and peptide nucleic acids, and derivatives thereof. The nucleic acid can be
single, double, or multiple stranded and can comprise modified or unmodified nucleotides or non-nucleotides or various
mixtures and combinations thereof. The nucleic acids of the invention are added directly, or can be complexed with
cationic lipids, packaged within liposomes, or otherwise delivered to target cells or tissues. The nucleic acid or nucleic
acid complexes can be locally administered to relevant tissues in vitro, ex vivo, or in vivo through injection or infusion
pump, with or without their incorporation in biopolymers.

[0037] A polynucleotide can be a DNA molecule, a cDNA molecule, genomic DNA molecule, or an RNA molecule. A
polynucleotide as DNA or RNA can include a sequence wherein T (thymidine) can also be U (uracil). If a nucleotide at
a certain position of a polynucleotide is capable of forming a Watson-Crick pairing with a nucleotide at the same position
in an anti-parallel DNA or RNA strand, then the polynucleotide and the DNA or RNA molecule are complementary to
each other at that position. The polynucleotide and the DNA or RNA molecule are substantially complementary to each
other when a sufficient number of corresponding positions in each molecule are occupied by nucleotides that can
hybridize with each other in order to effect the desired process.

[0038] Theterm "derivatives" can mean, but is in no way limited to, chemical compositions, for example, nucleic acids,
nucleotides, polypeptides or amino acids, formed from the native compounds either directly, by modification, or by partial
substitution. The term "analogs" can mean, but is in no way limited to, chemical compositions, for example, nucleic acids,
nucleotides, polypeptides or amino acids that have a structure similar to, but not identical to, the native compound.
[0039] Theterm"hybridization" can mean, butis in no way limited to, the binding, duplexing, or hybridizing of a molecule
only to a particular nucleotide sequence under low, medium, or highly stringent conditions, including when that sequence
is present in a complex mixture (e.g., total cellular) DNA or RNA.

[0040] The term "conservative mutations" refers to the substitution, deletion or addition of nucleic acids that alter, add
or delete a single amino acid or a small number of amino acids in a coding sequence where the nucleic acid alterations
result in the substitution of a chemically similar amino acid. Amino acids that may serve as conservative substitutions
for each other include the following: Basic: Arginine (R), Lysine (K), Histidine (H); Acidic: Aspartic acid (D), Glutamic
acid (E), Asparagine (N), Glutamine (Q); hydrophilic: Glycine (G), Alanine (A), Valine (V), Leucine (L), Isoleucine (I);
Hydrophobic: Phenylalanine (F), Tyrosine (Y), Tryptophan (W); Sulfur-containing: Methionine (M), Cysteine (C). In ad-
dition, sequences that differ by conservative variations are generally homologous.
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[0041] The term "down-regulate" can mean, but is in no way limited to, the expression of the gene, or level of RNAs
or equivalent RNAs encoding one or more proteins, amount and/or activity of one or more proteins is reduced below
that observed in the absence of an agent provided by the invention. For example, the expression of a gene can be
decreased in order to treat, prevent, ameliorate, or modulate a pathological condition caused or exacerbated by high
levels of gene expression.

[0042] The term "up-regulate" can mean, but is in no way limited to, the expression of the gene, or level of RNAs or
equivalent RNAs encoding one or more proteins, amount and/or activity of one or more proteins is greater than that
observed in the absence of an agent provided by the invention. For example, the expression of a gene can be increased
in order to treat, prevent, ameliorate, or modulate a pathological condition caused or exacerbated by an absence or low
level of gene expression.

[0043] By "modulate" is meant that the expression of the gene, or level of RNAs or equivalent RNAs encoding one or
more proteins, amount and/or activity of one or more proteins is up-regulated or down-regulated, such that the expression,
level, or activity is greater than or less than that observed in the absence of an agent provided by the invention.
[0044] The term, "gene" can mean, but is in no way limited to, a nucleic acid that encodes RNA, for example, nucleic
acid sequences including but not limited to a segment encoding a polypeptide. Unless otherwise indicated, the term
"gene" is used in a general sense to refer to the genomic and/or cDNA forms of a nucleic acid encoding a polypeptide.
[0045] The term "complementarity" can mean, but is in no way limited to, the ability of a nucleic acid to form hydrogen
bond(s) with another RNA sequence by either traditional Watson-Crick, Hoogsteen base pairing or other non-traditional
types.

[0046] The term "binding" can mean, but is in no way limited to, the physical or chemical interaction, direct or indirect,
between two molecules (e.g., compounds, amino acids, nucleotides, polypeptides, or nucleic acids). Binding includes
covalent, hydrogen bond, ionic, non-ionic, van der Waals, hydrophobic interactions, and the like.

[0047] The term "equivalent" or "homologous" can mean, but is in no way limited to, nucleic acids or proteins including
those naturally occurring DNA, RNA or amino acid molecules have homology (partial or complete) to an MG53 gene or
cDNA (e.g., SEQID NOs:2 and 4) or protein (SEQ ID NOs:1, 3, 5-13) with similar function as MG53 in various organisms,
including human, rodent, primate, rabbit, pig, protozoans, fungi, plants, and other microorganisms and parasites. The
equivalent RNA sequence also includes, in addition to the coding region, regions such as 5’-untranslated region, 3’-
untranslated region, introns, intron-exon junction and the like. By "homology" is meant the nucleotide sequence of two
or more nucleic acid molecules or two or more nucleic acid or amino acid sequences is partially or completely identical.
In certain embodiments the homologous nucleic acid or amino acid sequence has 30%, 40%, 50%, 60%, 70%, 80%,
90%, or 95% sequence similarity or identity to an MG53 gene or protein, respectively. In certain embodiments, the
invention provides a nucleic acid having 30%, 40%, 50%, 60%, 70%, 80%, 90%, or 95% similarity or identity to a nucleic
acid selected from SEQ ID NOs.:2 or 4. In additional embodiments, the invention provides a polypeptide having 30%,
40%, 50%, 60%, 70%, 80%, 90%, or 95% similarity or identity to polypeptide selected from SEQ ID NOs.: 1, 3, or 5-13
or a portion thereof.

[0048] "Homologs" can be naturally occurring, or created by artificial synthesis of one or more nucleic acids having
related sequences, or by modification of one or more nucleic acid to produce related nucleic acids. Nucleic acids are
homologous when they are derived, naturally or artificially, from a common ancestor sequence (e.g., orthologs or par-
alogs). If the homology between two nucleic acids is not expressly described, homology can be inferred by a nucleic
acid comparison between two or more sequences. If the sequences demonstrate some degree of sequence similarity,
for example, greater than about 30% at the primary amino acid structure level, it is concluded that they share a common
ancestor. For purposes of the present invention, genes are homologous if the nucleic acid sequences are sufficiently
similar to allow recombination and/or hybridization underlow stringency conditions. In addition, polypeptides are regarded
as homologous if their nucleic acid sequences are sufficiently similar to allow recombination or hybridization under low
stringency conditions, and optionally they demonstrate membrane repair activity, and optionally they can be recognized
by (i.e., cross-react with) an antibody specific for an epitope contained within the amino acid sequence of at least one
of SEQ ID NOs: 1,3, or 5-13.

[0049] As used herein "hybridization," refers to the binding, duplexing, or hybridizing of a molecule only to a particular
nucleotide sequence under low, medium, or highly stringent conditions, including when that sequence is present in a
complex mixture (e.g., total cellular) DNA or RNA.

[0050] Theterm"RNA"can mean, butisinno way limited to, a molecule comprising at least one ribonucleotide residue.
By "ribonucleotide" or "2’-OH" is meant a nucleotide with a hydroxyl group at the 2’ position of a D-ribo-furanose moiety.
[0051] The term "vectors" can mean, but is in no way limited to, any nucleic acid-based technique used to deliver a
desired nucleic acid, for example, bacterial plasmid, viral nucleic acid, HAC, BAC, and the like for cloning, amplification,
and/or expression of a gene.

[0052] The term "cell" can mean, butis in no way limited to, its usual biological sense, and does not refer to an entire
multicellular organism. The cell can, for example, be in vivo, in vitro or ex vivo, e.g., in cell culture, or present in a
multicellular organism, including, e.g., birds, plants and mammals such as humans, cows, sheep, apes, monkeys, swine,
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dogs, and cats. The cell can be prokaryotic (e.g., bacterial cell) or eukaryotic (e.g., mammalian or plant cell).

[0053] The term "host cell" can mean, but is in no way limited to, a cell that might be used to carry a heterologous
nucleic acid, or expresses a peptide or protein encoded by a heterologous nucleic acid. A host cell can contain genes
that are not found within the native (non-recombinant) form of the cell, genes found in the native form of the cell where
the genes are modified and re-introduced into the cell by artificial means, or a nucleic acid endogenous to the cell that
has been artificially modified without removing the nucleic acid from the cell. A host cell may be eukaryotic or prokaryotic.
General growth conditions necessary for the culture of bacteria can be found in texts such as BERGEY’S MANUAL OF
SYSTEMATIC BACTERIOLOGY, Vol. 1, N. R. Krieg, ed., Williams and Wilkins, Baltimore/London (1984). A "host cell"
can also be one in which the endogenous genes or promoters or both have been modified to produce one or more of
the polypeptide components of the complex of the invention.

[0054] As used herein, a "marker" or "biomarker" is a naturally-occurring polymer corresponding to at least one of the
polypeptides or nucleic acids of SEQ ID NOs:1-13 or portion thereof. For example, markers include, without limitation,
sense and anti-sense strands of genomic DNA (i.e. including any introns occurring therein), RNA generated by tran-
scription of genomic DNA (i.e. prior to splicing), RNA generated by splicing of RNA transcribed from genomic DNA, and
proteins generated by translation of spliced RNA (i.e. including proteins both before and after cleavage of normally
cleaved regions such as transmembrane signal sequences). As used herein, "marker" may also include a cDNA made
by reverse transcription of an RNA generated by transcription of genomic DNA (including spliced RNA).

[0055] The term "probe" refers to any molecule which is capable of selectively binding to a specifically intended target
molecule, for example a marker of the invention. Probes can be either synthesized by one skilled in the art, or derived
from appropriate biological preparations. For purposes of detection of the target molecule, probes may be specifically
designed to be labeled, as described herein. Examples of molecules that can be utilized as probes include, but are not
limited to, RNA, DNA, proteins, antibodies, and organic monomers.

[0056] The "normal” level of a marker is the level of the marker in a biological sample of a patient not afflicted with the
disease or disorder.

[0057] A marker or a probe is "fixed" to a substrate if it is covalently or non-covalently associated with the substrate
such the substrate can be rinsed with a fluid without a substantial fraction of the marker or probe dissociating from the
substrate.

[0058] A marker in a patient is "significantly" higher or lower than the normal level of the marker if the level of the
marker is greater or less, respectively, than the normal level by an amount greater than the standard error of the assay
employed, and preferably at least twice, and more preferably three, four, five or ten times that amount.

[0059] As used herein, "inhibited" refers to, but is not limited to, a reduced, slowed, delayed, or prevention of a disease
or disorder.

[0060] As used herein, the term "agent" is defined broadly as any therapeutic agent. The agents tested in the present
methods can be a single agent or a combination of agents. For example, the present methods can be used to determine
whether a single agent can be used to treat a disease or disorder or whether a combination of two or more agents can
be used. Preferred combinations will include agents that have different mechanisms of action

[0061] A subject (cell, tissue, or patient) is "sensitive" to a therapeutic agent if contact with a therapeutic agent causes
an effect, compared to the absence of contact with the therapeutic agent. The quality of being sensitive to a therapeutic
agent is a variable one, with different levels of "sensitivity" to a given therapeutic agent, under different conditions being
possible. In one embodiment of the invention, a subject may be predisposed to sensitivity to an agent if the corresponding
sensitivity marker is present.

[0062] The term "diagnosing" includes the use of the methods, and systems as described herein to determine the
presence or absence of a disease or disorder, e.g., tissue injury or muscle-related disorder in an individual. The term
also includes methods, and systems for assessing the level of disease activity in an individual. In some embodiments,
statistical algorithms are used to diagnose a mild, moderate, severe, or fulminant form of a disease or disorder, e.g.,
tissue injury or muscle-related disorder in an individual. One skilled in the art will know of other methods for evaluating
the severity of diseases and disorders in an individual.

[0063] The term "monitoring the progression or regression" includes the use of the methods, and systems as described
herein to determine the disease state (e.g., presence or severity of a disease or disorder, e.g., tissue injury or muscle-
related disorder) of an individual. In certain instances, the results of a statistical algorithm (e.g., a learning statistical
classifier system) are compared to those results obtained for the same individual at an earlier time. In some aspects,
the methods, systems, and code of the present invention can also be used to predict the progression of a disease or
disorder, e.g., by determining a likelihood for the disease or disorder to progress either rapidly or slowly in an individual
based on the presence or level of at least one marker in a sample. In other aspects, the methods, and systems as
described herein can also be used to predict the regression of a disease or disorder, e.g., by determining a likelihood
for a disease or disorder to regress either rapidly or slowly in an individual based on the presence or level of at least
one marker in a sample.

[0064] The term "monitoring drug efficacy in an individual receiving a drug useful for treating a disease or disorder"
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includes the use of the methods, and systems as described herein to determine the disease state (e.g., presence or
severity of a disease or disorder) of an individual after a therapeutic agent has been administered. In certain instances,
the results of a statistical algorithm (e.g., a learning statistical classifier system) are compared to those results obtained
for the same individual before initiation of use of the therapeutic agent or at an earlier time in therapy. As used herein,
a drug useful for treating a disease or disorder is any compound or drug used to improve the health of the individual.
[0065] Theterm "optimizing therapy in an individual" includes the use of the methods, and systems as described herein
to determine the course of therapy for an individual before a therapeutic agent (e.g., to treat tissue injury or muscle-
related disease or disorder) has been administered or to adjust the course of therapy for an individual after a therapeutic
agent has been administered in order to optimize the therapeutic efficacy of the therapeutic agent. In certain instances,
the results of a statistical algorithm (e.g., a learning statistical classifier system) are compared to those results obtained
for the same individual at an earlier time during the course of therapy. As such, a comparison of the results provides an
indication for the need to change the course of therapy or an indication for the need to increase or decrease the dose
of the current course of therapy.

[0066] The term "course of therapy" includes any therapeutic approach taken to relieve or prevent one or more symp-
toms (i.e., clinical factors) associated with a disease or disorder. The term encompasses administering any compound,
drug, procedure, or regimen useful for improving the health of an individual and includes any of the therapeutic agents
as well as surgery. One skilled in the art will appreciate that either the course of therapy or the dose of the current course
of therapy can be changed, e.g., based upon the results of a statistical algorithm (e.g., a learning statistical classifier
system).

[0067] The term "therapeutically effective amount or dose" includes a dose of a drug that is capable of achieving a
therapeutic effect in a subject in need thereof. For example, a therapeutically effective amount of a drug can be the
amount that is capable of preventing or relieving one or more symptoms associated with a disease or disorder, e.g.,
tissue injury or muscle-related disease or disorder. The exact amount can be ascertainable by one skilled in the art using
known techniques (see, e.g., Lieberman, Pharmaceutical Dosage Forms (vols. 1-3, 1992); Lloyd, The Art, Science and
Technology of Pharmaceutical Compounding (1999); Pickar, Dosage Calculations (1999); and Remington: The Science
and Practice of Pharmacy, 20th Edition, 2003, Gennaro, Ed., Lippincott, Williams & Wilkins).

[0068] A kit is any manufacture (e.g. a package or container) comprising at least one reagent, e.g. a probe, for
specifically detecting a marker of the invention. The manufacture may be promoted, distributed, or sold as a unit for
performing the methods of the present invention. The reagents included in such a kit comprise probes/primers and/or
antibodies for use in detecting sensitivity and resistance gene expression. In addition, the kits of the present invention
may preferably contain instructions which describe a suitable detection assay. Such kits can be conveniently used, e.g.,
in clinical settings, to diagnose patients exhibiting symptoms of cancer, in particular patients exhibiting the possible
presence of a tumor.

[0069] Unless otherwise defined, all technical and scientific terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to which this invention belongs. In the case of conflict, the present specification,
including definitions, will control. In addition, the materials, methods, and examples are illustrative only and not intended
to be limiting.

[0070] The following references. provide one of skill with a general definition of many of the terms used in this invention:
Singleton et al., Dictionary of Microbiology and Molecular Biology (2nd ed. 1994); The Cambridge Dictionary of Science
and Technology (Walker ed., 1988); The Glossary of Genetics, 5th Ed., R. Rieger et al. (eds.), Springer Verlag (1991);
and Hale & Marham, the Harper Collins Dictionary of Biology (1991).

Identification of MG53 as a Biomarker

[0071] Is has been surprisingly and unexpectedly discovered that MG53 can be detected in the circulating blood and
the amount of MG53 varies between normal or healthy subjects versus subjects suffering from a pathological condition,
e.g., a muscle-related disease or disorder. Thus, the present description provides a marker whose presence in blood
or serum correlates with a pathological condition, e.g., tissue damage or a muscle-related disease or disorder. Accord-
ingly, MG53 can be used as a marker (or surrogate marker) to identify pathological conditions or predisposition to the
same, and/or identify subjects that can be successfully treated by a therapeutic agent. In addition, MG53 proteins can
be used to identify conditions that have become or are at risk of becoming refractory to treatment with the agent.

[0072] MG53is a muscle-specific protein that contains TRIM and SPRY motifs. In previous studies we have established
a monoclonal antibody (mAb) library that targets proteins associated with the triad junction in skeletal muscle. Screening
of this immuno-proteomic library for muscle specific proteins led to the identification of an antigen named MG53 with a
molecular size of 53 kilodaltons (kDa), which was recognized by mAb5259. MG53 was partially purified from rabbit
skeletal muscle by an immunoaffinity column conjugated with mAb5259, and subjected to amino acid sequencing. Based
on the obtained partial amino acid sequences, cDNAs encoding MG53 were isolated from rabbit and mouse skeletal
muscle libraries. Genomic library search identified the corresponding MG53 gene on the human 16p11.2 locus. The
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predicted amino acid sequences for MG53 in several species are shown in Figure 1.

[0073] Domain homology analysis revealed that MG53 contains the prototypical TRIM signature sequence of RBCC
plus a SPRY domain at the carboxyl-terminus, and thus belongs to the TRIM/RBCC family (Fig. 1). Of the approximately
60 TRIM family members so far identified in the mammalian genomes, 15 members carry a similar SPRY domain
following the RBCC domain, and MG53 shows a conserved primary structure with these TRIM sub-family proteins.
However, surprisingly and unexpectedly our studies indicate that MG53 is the only TRIM family protein of those in that
demonstrate membrane repair function.

[0074] MG53 and portions thereof are particularly useful in the methods of the present invention. Many intracellular
soluble proteins normally found in the myoplasm of striated muscle cells appear in the bloodstream of animals and
humans at low levels during rest and at elevated levels following stress events known to damage the sarcolemmal
membrane, such as eccentric exercise or ischemia/reperfusion (I/R) injury. Levels of the muscle specific proteins creatine
kinase (CK) and troponin are commonly used as biomarkers for I/R injury to the heart during a myocardial infarction.
[0075] Figure 2 demonstrates that MG53 is a serum marker capable of assessing a subject’s disease status and/or
therapeutic sensitivity. To assess if native MG53 could be observed in the bloodstream at the resting state, an MG53
western blot analysis of serum samples isolated from normal (wild type) mice was conducted. It was found that MG53
appears in the blood of the mice at the resting state, and that eccentric exercise produced by downhill treadmill running
increases the level of MG53 in the serum (Fig. 2a). After 24 hours, the MG53 released into the blood due to eccentric
exercise is cleared from the circulation and serum levels have returned to baseline. This rapid reduction of MG53 suggests
that it would make a specific biomarker for muscle damage in human patients.

[0076] While levels of MG53 can be observed in the blood of wild type mice, genetically modified mice that develop
muscular dystrophy (mdx) related to compromised membrane integrity display significantly more MG53 in the serum
(Fig- 2b). This increase in the mdx mice is greatly exacerbated by eccentric exercise to a much greater extent than that
seen in the wild type mice. The extent of increase was determined by densitometry measurements that show that mdx
had serum MG53 levels elevated above those in wild type mice at basal and exercised conditions (Fig. 2¢). Furthermore,
downhill running induced significant elevation of serum MG53 in both wild type (2.1=0.8 fold change, n=6; P < 0.01)
and mdx mice (5.1+0.8,n=6; P <0.01), with an obvious increase in the mdx mice, likely due to fragility of the sarcolemmal
membrane in these mice.

[0077] During a myocardial infarction, blood flow is blocked in a portion of the coronary circulation and the cardiac
tissue that does not received sufficient blood flow will suffer from ischemia. Prolonged ischemia can result in damage
to the affected myocardium, however the majority of damage is produced when blood flow is restored in the heart through
surgical interventions. This reperfusion of the heart can produce reactive oxygen species that result in peroxidation of
the lipids in the sarcolemmal membrane, resulting in breakdown of membrane integrity and death of the cell. This I/R
injury results in the release of CK and troponins into the blood, which can then be used as biomarkers for patients
experience a myocardial infarction.

[0078] To testif MG53 is also released into the coronary circulation during I/R injury to the heart, we used a Langedorff
perfusion system to induce global ischemia in isolated mouse hearts. Following a 30 minute global ischemia event, the
restoration of perfusion of the heart results in a robust MG53 signal in the perfusate solution when measured by western
blot (Fig. 3a). The release of MG53 peaks early after the restoration of perfusion in the heart and the level of MG53
returns to normal within an hour. The kinetics of MG53 appearance in the perfusate is very similar to that seen for CK
release in the same hearts (Fig. 3b). This result indicates that MG53 is useful as a serum biomarker for skeletal and
cardiac muscle damage in a number of different diseases.

Exemplary Embodiments

[0079] The present findings indicate that the detection of MG53 in a biological fluid, e.g., the blood or serum, of a
subject is useful for, e.g., 1) determining if a disease or disorder exists, e.g., tissue injury or muscle-related disease or
disorder (e.g., muscular dystrophy); 2) determining if a disease or disorder can be treated by an agent or combination
of agents; 3) selecting an appropriate agent or combination of agents for treating a disease or disorder; 4) monitoring a
disease or disorder; 5) monitoring the effectiveness of an ongoing treatment, 6) identifying new treatments (single agent
or combination of agents); and 7) predicting a subject’s clinical outcome. "Clinical outcome" refers to a subject’s status
for the given time period, i.e., disease free or recurrence of disease. In particular, MG53 in blood or serum of a subject
may be utilized as a marker (surrogate and/or direct) to determine appropriate therapy, to monitor clinical therapy and
human trials of a drug being tested for efficacy, and to develop new agents and therapeutic combinations.

[0080] Thus, incertain aspects, the description provides diagnostic methods for detecting an MG53 polypeptide having
about 30%, 40%, 50%, 60%, 70%, 80%, 90% or 100% (including values in between) in sequence identity to full-length
human MG53 (SEQ ID NO:1) in a biological fluid of a subject. In certain embodiments, the presence and/or amount of
the MG53 polypeptide is indicative of a subject suffering from a pathological condition, e.g., having tissue damage or a
muscle-related disease or disorder.
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[0081] In one aspect, the diagnostic method comprises the steps of: a) obtaining a biological tissue or fluid sample,
e.g., blood or serum, from a subject to be tested (i.e., "test sample"), and from a reference or control subject (i.e.,
"reference sample"); b) determining whether the test sample contains MG53 (i.e., assaying for the presence and/or
amount of MG53 in the test sample), c) comparing the presence and/or amount of MG53 in the test sample to the
reference sample, wherein an increase or decrease in MG53 over the reference value or control value is indicative of a
disease, disorder or syndrome. In certain embodiments, the reference or control subject may be the same or a different
subject. For example, a baseline or reference value can be determined from an analysis of the same subject at different
time points and/or based upon the analysis of other comparable subjects. For example, a reference or control value
could be based on the analysis of samples taking from subjects sharing one or more of gender, age, weight, disorder,
medication or the like.

[0082] Inthe methods described herein, the biological samples are intended to be previously obtained or pre-delivered.
Accordingly, the methods and claims are not intended to include an invasive step.

[0083] The sample used for detecting or determining the presence or level of MG53 is typically whole blood, plasma,
serum, saliva, urine, stool (i.e., feces), tears, and any other bodily fluid, or a tissue sample (i.e., biopsy) such as a small
intestine or colon sample. Preferably, the sample is serum, whole blood, plasma, stool, urine, or a tissue biopsy. In
certain instances, the method of the present invention further comprises obtaining the sample from the individual prior
to detecting or determining the presence or level of the marker in the sample.

[0084] In certain aspects, the methods as described herein may comprise a step diagnosing and/or monitoring a
disease or disorder, wherein an increase or decrease in MG53 over a reference or a control value is indicative of a
disease, disorder or syndrome. In certain embodiments, the methods as described herein may additionally comprise a
further step of initiating or modifying a therapeutic regimen based upon the results of the diagnostic comparison performed
as described.

[0085] In another aspect, the disclosure provides methods for determining whether an agent or combination of agents
can be used to treat or ameliorate a disease or disorder, e.g., tissue injury or a muscle-related disease or disorder,
comprising the steps of: a) obtaining a biological fluid sample, e.g., blood or serum, from a subject to be tested (i.e.,
"test sample"), wherein the subject has received treatment with an agent or combination of agents; b) determining
whether the test sample contains MG53; c) comparing the test sample to a reference or control biological fluid sample
from the same or a different subject (i.e., "reference sample"), and c) identifying that the agent is or is not appropriate
to treat the disease or disorder based on the presence and/or amount of MG53 in the test sample. In step (c), an agent
can be identified as being appropriate to treat or ameliorate a disease or disorder when the presence and/or amount of
MG53 in the test sample is decreased. Alternatively, in step (c), an agent can be identified as not being appropriate to
treat or ameliorate a disease or disorder when the presence and/or amount of MG53 in the test sample is increased.
[0086] In another embodiment, the description provides a method for determining whether treatment with an agent
should be continued in a subject, comprising the steps of: a) obtaining two or more biological fluid samples from a subject
at different times during the course of agent treatment; b) determining the presence and/or amount of MG53 in the two
or more samples; and c) continuing the treatment when the level of MG53 does not increase or is decreased during the
course of treatment. Alternatively, in step (c), the treatment is discontinued when the level of MG53 is increased during
the course of treatment.

[0087] In another embodiment, the description provides a method for screening agents or combinations of agents for
treating a disease or disorder related to tissue injury or a muscle-related disease or disorder comprising the steps of: a)
obtaining a biological fluid sample, e.g., blood or serum, from a subject to be tested (i.e., "test sample"), wherein the
subject has received treatment with an agent or combination of agents; b) determining whether the test sample contains
MG53; c) comparing the test sample to a reference or control biological fluid sample from the same or a different subject
(i.e., "reference sample"), and c) identifying that the agent is or is not appropriate to treat the disease or disorder based
on the presence and/or amount of MG53 in the test sample. In step (c), an agent can be identified as being appropriate
to treat or ameliorate a disease or disorder when the presence and/or amount of MG53 in the test sample is decreased.
[0088] Eccentric exercise is known to increase membrane damage in various skeletal muscles. In another aspect, the
description provides methods of determining the functional status or exercise capacity of muscle in a subject comprising
the steps of: a) subjecting the subject to exercise regimen; b) obtaining two or more biological tissue or fluid samples,
e.g., muscle, blood and/or serum, from the subject at different times during the course of the exercise regimen; b)
determining the presence and/or amount of MG53 in the two or more samples; ¢) comparing the presence and/or amount
of MG53 in the two or more samples; and d) identifying the functional status or exercise capacity of the subject. In certain
embodiment, the exercise regimen is downhill treadmill running for between 30 minutes and two hours.

[0089] Another stress that can produce extensive membrane damage in the target organ is I/R injury in the heart.
Thus, in another aspect, the description provides methods of determining the functional status of the heart in a subject
in response to potential I/R injury comprising the steps of: a) obtaining a biological tissue or fluid sample, e.g., heart
muscle, blood and/or serum, from a subject before, during, and/or after undergoing cardiac reperfusion; b) determining
the presence and/or amount of MG53 in the sample or samples; ¢) comparing the presence and/or amount of MG53 in
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the sample or samples; and d) identifying the functional status of the heart in the subject in response to ischemic
reperfusion.

[0090] In any of the aspects and/or embodiments described herein, the tissue may comprise a muscle tissue, blood
or serum from a subject. The term "individual," "subject," or "patient" typically refers to humans, but also to other animals
including, e.g., other primates, rodents, canines, felines, equines, ovines, porcines, and the like. In any of the embodiments
described herein the subject is a mammal. In still additional embodiments, the subject is a human.

[0091] In certain embodiments, the disease, disorder or syndrome may be, e.g., muscular dystrophy, cardiac ischemia,
heart failure, age-related tissue degeneration, neurodegeneration, sepsis, bacterial infection, gingivitis, gum recession,
periodontal disease, wrinkle protection, dermal abrasion, UV damage, nitrogen mustard (chemical blistering agents),
ulcer, acute lung injury, ARDS, COPD, cardiovascular disease, cardiomyopathy, atherosclerosis, hypertension, congen-
ital heart defects, aortic stenosis, atrial septal defect (ASD), atrioventricular (A-V) canal defect, ductus arteriosus, pul-
monary stenosis, subaortic stenosis, ventricular septal defect (VSD), valve disease, hypercoagulation, hemophilia,
wounds, lesions, cuts, abrasions, oxidative damage, surgically related lesions, burns, muscle disorders, muscle weak-
ness, muscle atrophy, muscular dystrophy, connective tissue disorders, idiopathic thrombocytopenic purpura, secondary
pathologies caused by heart failure and hypertension, hypotension, angina pectoris, myocardial infarction, tuberous
sclerosis, scleroderma, transplantation, autoimmune disease, lupus erythematosus, viral/bacterial/parasitic infections,
multiple sclerosis, autoimmune disease, allergies, immunodeficiencies, graft versus host disease, Th1 inflammatory
diseases such as rheumatoid arthritis, multiple sclerosis, inflammatory bowel diseases, AIDS, bed sores, mucositis,
eczema or dermatitis, dry skin, obesity, diabetes, endocrine disorders, anorexia, bulimia, renal artery stenosis, interstitial
nephritis, glomerulonephritis, polycystic kidney disease, systemic, renal tubular acidosis, IgA nephropathy, nephrological
disesases, hypercalceimia, Lesch-Nyhan syndrome, Von Hippel-Lindau (VHL) syndrome, trauma, Hirschsprung’s dis-
ease, Crohn’s Disease, appendicitis, endometriosis, laryngitis, psoriasis, actinic keratosis, myasthenia gravis, alpha-
mannosidosis, beta-mannosidosis, other storage disorders, peroxisomal disorders such as zellweger syndrome, infantile
refsum disease, rhizomelic chondrodysplasia (chondrodysplasia punctata, rhizomelic), and hyperpipecolic acidemia,
osteoporosis, Albright Hereditary Ostoeodystrophy, Alzheimer’s disease, stroke, Parkinson’s disease, Huntington’s dis-
ease, cerebral palsy, epilepsy, pain, cancers, and/or other pathologies and disorders of the like.

[0092] In the methods described herein, a comparison is made between the presence and/or amount of MG53 in one
or more test and/or reference samples, wherein an increase or decrease in the presence and/or amount of MG53 is
indicative of a change in the status or health of the subject. In certain embodiments, the comparison is based upon a
change in the absolute level of the protein.

[0093] As an alternative to making determinations based on the absolute level of a protein, determinations may be
based on the normalized levels. Levels are normalized by correcting the absolute level of a protein by comparing its
level to the level of a protein that does not vary with the disorder or treatment, e.g., a housekeeping protein that is
constitutively expressed. This normalization allows one to compare the level in one sample to another sample or between
samples from different sources.

[0094] Alternatively, the protein level can be provided as a relative level. To determine a relative level of a protein, the
level of the protein is determined for 10 or more samples, preferably 50 or more samples, prior to the determination of
the level for the sample in question. The mean level of the protein assayed in the larger number of samples is determined
and this is used as a baseline level for the sample in question. The level of the protein determined for the test sample
(absolute level) is then divided by the mean value obtained. This provides a relative level and aids in identifying changes
in protein level. In addition, as more data is accumulated, the mean value can be revised, providing improved relative
values based on accumulated data.

[0095] In a preferred embodiment, the description provides a method for diagnosing and/or monitoring a tissue injury,
and/or exercise capacity and/or muscle-related disease or disorder in a subject comprising the steps of a) obtaining
from at least one time point, a biological fluid sample selected from the group consisting of whole blood, plasma, serum,
and a combination thereof, from a subject to be tested ("test sample"); b) determining the presence and/or amount of
MG53 in the test sample; ¢) comparing the presence and/or amount of MG53 in the test sample to a reference or control
sample; and d) identifying whether the subject has a tissue injury, and/or a change in exercise capacity, and/or a muscle-
related disease or disorder. In additional embodiments, the method further comprises a step after (d) of initiating or
modifying a therapeutic or exercise regimen.

[0096] In certain embodiments, an increase in the presence and/or amount of MG53 relative to a reference or control
sample is indicative of a tissue injury, exercise capacity or muscle-related disease or disorder.

[0097] Inadditional embodiments, a decrease in the presence and/or amount of MG53 relative to a reference or control
sample is indicative of a tissue injury, exercise capacity or muscle-related disease or disorder.

[0098] In certain embodiments, an increase in the presence and/or amount of MG53 relative to a reference or control
sample is indicative of the capacity for a subject to maintain exercise training.

[0099] In additional embodiments, a decrease in the presence and/or amount of MG53 relative to a reference or control
sample is indicative of indicative of the capacity for a subject to maintain exercise training.
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[0100] In other embodiments, a step is performed comprising obtaining a biological fluid sample selected from the
group consisting of whole blood, plasma, serum, and a combination thereof, from areference or control subject ("reference
sample").

[0101] In additional embodiments, the reference or control subject is the same or different from the test subject.
[0102] In additional embodiments, the test sample is taking from two or more time points.

[0103] In certain embodiments, the biological fluid sample is whole blood or serum.

[0104] In other embodiments, the tissue injury or muscle-related disease or disorder is at least one of exercise-related
tissue injury, age-related muscle degeneration, ischemic reperfusion injury, muscular dystrophy, or acombination thereof.

Isolated Proteins and Antibodies

[0105] In additional aspects, the description provides MG53 proteins; nucleic acids encoding MG53 proteins, including
vectors and host cells comprising the same; as well as agents, e.g., probes, capable of specifically binding to MG53
and/or portions thereof or both. In certain embodiments, the agent or probe is an anti-MG53 antibody, portion or fragment
thereof capable of specifically binding to MG53 and/or a portion thereof. In still additional embodiments, the description
provides nucleic acids encoding recombinant anti-MG53 antibodies or fragments thereof, including vectors and host
cells (e.g., hybridomas) comprising the same.

[0106] Thus, one aspect of the invention pertains to isolated proteins which correspond to individual markers of the
invention, and biologically active portions thereof, as well as polypeptide fragments suitable for use as immunogens to
raise antibodies directed against a polypeptide corresponding to a marker of the invention. In one embodiment, the
native polypeptide corresponding to a marker can be isolated from cells or tissue sources by an appropriate purification
scheme using standard protein purification techniques. In another embodiment, polypeptides corresponding to a marker
of the invention are produced by recombinant DNA techniques. Alternative to recombinant expression, a polypeptide
corresponding to a marker of the invention can be synthesized chemically using standard peptide synthesis techniques.
[0107] In an additional aspect, the description provides compositions, e.g., anti-MG53 antibodies, for use in any of the
methods as described herein. For example, the description provides compositions comprising anti-MG53 antibodies as
described herein for use in the diagnostic methods as described herein.

[0108] In an additional aspect, the description provides the use of compositions, e.g., anti-MG53 antibodies, in any of
the methods as described herein. For example, the description provides the use of compositions comprising anti-MG53
antibodies as described herein for use in the diagnostic methods as described herein.

[0109] An "isolated" or "purified" protein or biologically active portion thereof is substantially free of cellular material
or other contaminating proteins from the cell or tissue source from which the protein is derived, or substantially free of
chemical precursors or other chemicals when chemically synthesized. The language "substantially free of cellular ma-
terial" includes preparations of protein in which the protein is separated from cellular components of the cells from which
it is isolated or recombinantly produced. Thus, protein that is substantially free of cellular material includes preparations
of protein having less than about 30%, 20%, 10%, or 5% (by dry weight) of heterologous protein (also referred to herein
as a "contaminating protein"). When the protein or biologically active portion thereof is recombinantly produced, it is also
preferably substantially free of culture medium, i.e., culture medium represents less than about 20%, 10%, or 5% of the
volume of the protein preparation. When the protein is produced by chemical synthesis, it is preferably substantially free
of chemical precursors or other chemicals, i.e., it is separated from chemical precursors or other chemicals which are
involved in the synthesis of the protein. Accordingly such preparations of the protein have less than about 30%, 20%,
10%, 5% (by dry weight) of chemical precursors or compounds other than the polypeptide of interest.

[0110] Biologically active portions of a polypeptide corresponding to a marker of the invention include polypeptides
comprising amino acid sequences sufficiently identical to or derived from the amino acid sequence of the protein corre-
sponding to the marker, which include fewer amino acids than the full length protein, and exhibit at least one activity of
the corresponding full-length protein. Typically, biologically active portions comprise a domain or motif with at least one
activity of the corresponding protein. A biologically active portion of a protein of the invention can be a polypeptide which
is, for example, 10, 25, 50, 100 or more amino acids in length. Moreover, other biologically active portions, in which
other regions of the protein are deleted, can be prepared by recombinant techniques and evaluated for one or more of
the functional activities of the native form of a polypeptide of the invention.

[0111] Preferred polypeptides have the amino acid sequence listed in the one of SEQ ID NOs: 1, 3, or 5-13 described
herein. Other useful proteins are substantially identical (e.g., at least about 40%, preferably 50%, 60%, 70%, 80%, 90%,
95%, or 99%) to one of these sequences and retain the functional activity of the protein of the corresponding naturally-
occurring protein yet differ in amino acid sequence due to natural allelic variation or mutagenesis.

[0112] To determine the percent identity of two amino acid sequences or of two nucleic acids, the sequences are
aligned for optimal comparison purposes (e.g., gaps can be introduced in the sequence of a first amino acid or nucleic
acid sequence for optimal alignment with a second amino or nucleic acid sequence). The amino acid residues or nucle-
otides at corresponding amino acid positions or nucleotide positions are then compared. When a position in the first
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sequence is occupied by the same amino acid residue or nucleotide as the corresponding position in the second sequence,
then the molecules are identical at that position. The percent identity between the two sequences is a function of the
number of identical positions shared by the sequences (i.e., % identity = # of identical positions/total # of positions (e.g.,
overlapping positions)x100). In one embodiment the two sequences are the same length.

[0113] The determination of percent identity between two sequences can be accomplished using a mathematical
algorithm. A preferred, non-limiting example of a mathematical algorithm utilized for the comparison of two sequences
is the algorithm of Karlin and Altschul (1990) Proc. Natl. Acad. Sci. USA 87:2264-2268, modified as in Karlin and Altschul
(1993) Proc. Natl. Acad. Sci. USA 90:5873-5877. Such an algorithm is incorporated into the NBLAST and XBLAST
programs of Altschul, et al. (1990) J. Mol. Biol. 215:403-410. BLAST nucleotide searches can be performed with the
NBLAST program, score=100, wordlength=12 to obtain nucleotide sequences homologous to a nucleic acid molecules
ofthe invention. BLAST protein searches can be performed with the XBLAST program, score=50, wordlength=3 to obtain
amino acid sequences homologous to a protein molecules of the invention. To obtain gapped alignments for comparison
purposes, Gapped BLAST can be utilized as described in Altschul et al. (1997) Nucleic Acids Res. 25:3389-3402.
Alternatively, PSI-Blast can be used to perform an iterated search which detects distant relationships between molecules.
When utilizing BLAST, Gapped BLAST, and PSI-Blast programs, the default parameters of the respective programs
(e.g., XBLAST and NBLAST) can be used. See http://www.ncbi.nlm.nih.gov. Another preferred, non-limiting example of
a mathematical algorithm utilized for the comparison of sequences is the algorithm of Myers and Miller, (1988) CABIOS
4:11-17. Such an algorithm is incorporated into the ALIGN program (version 2.0) which is part of the GCG sequence
alignment software package. When utilizing the ALIGN program for comparing amino acid sequences, a PAM120 weight
residue table, a gap length penalty of 12, and a gap penalty of 4 can be used. Yet another useful algorithm for identifying
regions of local sequence similarity and alignment is the FASTA algorithm as described in Pearson and Lipman (1988)
Proc. Natl. Acad. Sci. USA 85:2444-2448. When using the FASTA algorithm for comparing nucleotide or amino acid
sequences, a PAM120 weight residue table can, for example, be used with a k-tuple value of 2.

[0114] The percent identity between two sequences can be determined using techniques similar to those described
above, with or without allowing gaps. In calculating percent identity, only exact matches are counted.

[0115] The invention also provides chimeric or fusion proteins corresponding to a marker of the invention. As used
herein, a "chimeric protein" or "fusion protein" comprises all or part (preferably a biologically active part) of a polypeptide
corresponding to a marker of the invention operably linked to a heterologous polypeptide (i.e., a polypeptide other than
the polypeptide corresponding to the marker). Within the fusion protein, the term "operably linked" is intended to indicate
that the polypeptide of the invention and the heterologous polypeptide are fused in-frame to each other. The heterologous
polypeptide can be fused to the amino-terminus or the carboxyl-terminus of the polypeptide of the invention.

[0116] Useful fusion proteins include maltose binding protein and/or GST fusion protein in which a polypeptide corre-
sponding to a marker of the invention is fused to the carboxyl terminus of the MBP or GST sequence, respectively. Such
fusion proteins can facilitate the purification of a recombinant polypeptide of the invention.

[0117] In another embodiment, the fusion protein contains a heterologous signal sequence at its amino terminus. For
example, the native signal sequence of a polypeptide corresponding to a marker of the invention can be removed and
replaced with a signal sequence from another protein. For example, the gp67 secretory sequence of the baculovirus
envelope protein can be used as a heterologous signal sequence (Ausubel et al., ed., Current Protocols in Molecular
Biology, John Wiley & Sons, NY, 1992). Other examples of eukaryotic heterologous signal sequences include the
secretory sequences of melittin and human placental alkaline phosphatase (Stratagene; La Jolla, Calif.). In yet another
example, useful prokaryotic heterologous signal sequences include the phoA secretory signal (Sambrook et al., supra)
and the protein A secretory signal (Pharmacia Biotech; Piscataway, N.J.).

[0118] In yet another embodiment, the fusion protein is an immunoglobulin fusion protein in which all or part of a
polypeptide corresponding to a marker of the invention is fused to sequences derived from a member of the immunoglob-
ulin protein family. The immunoglobulin fusion proteins of the invention can be incorporated into pharmaceutical com-
positions and administered to a subject to inhibit an interaction between a ligand (soluble or membrane-bound) and a
protein on the surface of a cell (receptor), to thereby suppress signal transduction in vivo. The immunoglobulin fusion
protein can be used to affect the bioavailability of a cognate ligand of a polypeptide of the invention. Inhibition of lig-
and/receptor interaction can be useful therapeutically, both for treating proliferative and differentiative disorders and for
modulating (e.g. promoting or inhibiting) cell survival. Moreover, the immunoglobulin fusion proteins of the invention can
be used as immunogens to produce antibodies directed against a polypeptide of the invention in a subject, to purify
ligands and in screening assays to identify molecules which inhibit the interaction of receptors with ligands.

[0119] Chimeric and fusion proteins of the invention can be produced by standard recombinant DNA techniques. In
another embodiment, the fusion gene can be synthesized by conventional techniques including automated DNA syn-
thesizers. Alternatively, PCR amplification of gene fragments can be carried out using anchor primers which give rise
to complementary overhangs between two consecutive gene fragments which can subsequently be annealed and re-
amplified to generate a chimeric gene sequence (see, e.g., Ausubel et al., supra). Moreover, many expression vectors
are commercially available that already encode a fusion moiety (e.g., a GST polypeptide). A nucleic acid encoding a
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polypeptide of the invention can be cloned into such an expression vector such that the fusion moiety is linked in-frame
to the polypeptide of the invention.

[0120] A signal sequence can be used to facilitate secretion and isolation of the secreted protein or other proteins of
interest. Signal sequences are typically characterized by a core of hydrophobic amino acids which are generally cleaved
from the mature protein during secretion in one or more cleavage events. Such signal peptides contain processing sites
that allow cleavage of the signal sequence from the mature proteins as they pass through the secretory pathway. Thus,
the invention pertains to the described polypeptides having a signal sequence, as well as to polypeptides from which
the signal sequence has been proteolytically cleaved (i.e., the cleavage products). In one embodiment, a nucleic acid
sequence encoding a signal sequence can be operably linked in an expression vector to a protein of interest, such as
a protein which is ordinarily not secreted or is otherwise difficult to isolate. The signal sequence directs secretion of the
protein, such as from a eukaryotic host into which the expression vector is transformed, and the signal sequence is
subsequently or concurrently cleaved. The protein can then be readily purified from the extracellular medium by art
recognized methods. Alternatively, the signal sequence can be linked to the protein of interest using a sequence which
facilitates purification, such as with a MBP domain.

[0121] The present invention also pertains to variants of the polypeptides corresponding to individual markers of the
invention. Such variants have an altered amino acid sequence which can function as either agonists (mimetics) or as
antagonists. Variants can be generated by mutagenesis, e.g., discrete point mutation or truncation. An agonist can retain
substantially the same, or a subset, of the biological activities of the naturally occurring form of the protein. An antagonist
of a protein can inhibit one or more of the activities of the naturally occurring form of the protein by, for example,
competitively binding to a downstream or upstream member of a cellular signaling cascade which includes the protein
of interest. Thus, specific biological effects can be elicited by treatment with a variant of limited function. Treatment of
a subject with a variant having a subset of the biological activities of the naturally occurring form of the protein can have
fewer side effects in a subject relative to treatment with the naturally occurring form of the protein.

[0122] Variants of a protein of the invention which function as either agonists (mimetics) or as antagonists can be
identified by screening combinatorial libraries of mutants, e.g., truncation mutants, of the protein of the invention for
agonist or antagonist activity. In one embodiment, a variegated library of variants is generated by combinatorial muta-
genesis at the nucleic acid level and is encoded by a variegated gene library. A variegated library of variants can be
produced by, for example, enzymatically ligating a mixture of synthetic oligonucleotides into gene sequences such that
a degenerate set of potential protein sequences is expressible as individual polypeptides, or alternatively, as a set of
larger fusion proteins (e.g., for phage display). There are a variety of methods which can be used to produce libraries
of potential variants of the polypeptides of the invention from a degenerate oligonucleotide sequence. Methods for
synthesizing degenerate oligonucleotides are known in the art (see, e.g., Narang, 1983, Tetrahedron 39:3; ltakura et
al., 1984, Annu. Rev. Biochem. 53:323; Itakura et al., 1984, Science 198:1056; Ike et al., 1983 Nucleic Acid Res. 11:477).
[0123] In addition, libraries of fragments of the coding sequence of a polypeptide corresponding to a marker of the
invention can be used to generate a variegated population of polypeptides for screening and subsequent selection of
variants. For example, a library of coding sequence fragments can be generated by treating a double stranded PCR
fragment of the coding sequence of interest with a nuclease under conditions wherein nicking occurs only about once
per molecule, denaturing the double stranded DNA, renaturing the DNA to form double stranded DNA which can include
sense/antisense pairs from different nicked products, removing single stranded portions from reformed duplexes by
treatment with S1 nuclease, and ligating the resulting fragment library into an expression vector. By this method, an
expression library can be derived which encodes amino terminal and internal fragments of various sizes of the protein
of interest.

[0124] Several techniques are known in the art for screening gene products of combinatorial libraries made by point
mutations or truncation, and for screening cDNA libraries for gene products having a selected property. The most widely
used techniques, which are amenable to high through-put analysis, for screening large gene libraries typically include
cloning the gene library into replicable expression vectors, transforming appropriate cells with the resulting library of
vectors, and expressing the combinatorial genes under conditions in which detection of a desired activity facilitates
isolation of the vector encoding the gene whose product was detected. Recursive ensemble mutagenesis (REM), a
technique which enhances the frequency of functional mutants in the libraries, can be used in combination with the
screening assays to identify variants of a protein of the invention (Arkin and Yourvan, 1992, Proc. Natl. Acad. Sci. USA
89:7811-7815; Delgrave et al., 1993, Protein Engineering 6(3):327-331).

[0125] An isolated polypeptide corresponding to a marker of the invention, or a fragment thereof, can be used as an
immunogen to generate antibodies using standard techniques for polyclonal and monoclonal antibody preparation. The
full-length polypeptide or protein can be used or, alternatively, the invention provides antigenic peptide fragments for
use as immunogens. The antigenic peptide of a protein of the invention comprises at least 8 (preferably 10, 15, 20, or
30 ormore) amino acid residues of the amino acid sequence of one of the polypeptides of the invention, and encompasses
an epitope of the protein such that an antibody raised against the peptide forms a specificimmune complex with a marker
of the invention to which the protein corresponds. Preferred epitopes encompassed by the antigenic peptide are regions
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that are located on the surface of the protein, e.g., hydrophilic regions. Hydrophobicity sequence analysis, hydrophilicity
sequence analysis, or similar analyses can be used to identify hydrophilic regions.

[0126] As described herein, immunoassays including but not limited to enzyme-linked immunosorbent assays, radio-
immunoassays and quantitative western analysis, can be useful in the diagnostic methods of the invention. Such assays
rely on one or more antibodies, for example, anti-.MG53 antibodies.

[0127] Animmunogen typically is used to prepare antibodies by immunizing a suitable (i e immunocompetent) subject
such as a rabbit, goat, mouse, or other mammal or vertebrate. An appropriate immunogenic preparation can contain,
for example, recombinantly-expressed or chemically-synthesized polypeptide. The preparation can further include an
adjuvant, such as Freund’s complete or incomplete adjuvant, or a similar immunostimulatory agent.

[0128] Accordingly, anotheraspect of theinvention pertains to antibodies directed against a polypeptide of the invention.
The terms "antibody" and "antibody substance" as used interchangeably herein refer to immunoglobulin molecules and
immunologically active portions of immunoglobulin molecules, i.e., molecules that contain an antigen binding site which
specifically binds an antigen, such as a polypeptide of the invention, e.g., an epitope of a polypeptide of the invention.
A molecule which specifically binds to a given polypeptide of the invention is a molecule which binds the polypeptide,
but does not substantially bind other molecules in a sample, e.g., a biological sample, which naturally contains the
polypeptide.

[0129] Unless stated differently, the term "antibody" is used in its broadest sense to include one or a population of
polyclonal and/or monoclonal antibodies, as well as polypeptide fragments of antibodies that retain binding activity for
an MG53 epitope of at least about 1x10% M-1. The invention provides polyclonal and monoclonal antibodies. The term
"monoclonal antibody" or "monoclonal antibody composition", as used herein, refers to a population of antibody molecules
that contain only one species of an antigen binding site capable of immunoreacting with a particular epitope.

[0130] The term antibody, as used herein, also encompasses non-naturally occurring antibodies and fragments con-
taining, at a minimum, one Vi and one V| domain, such as chimeric antibodies, humanized antibodies, fully human
antibodies, domain antibodies, and single chain Fv fragments (scFv) that specifically bind MG53. For example, an
immunologically active fragments of an immunoglobulin molecule known in the art as Fab, Fab’ or F(ab’),, which can
be generated by treating the antibody with an enzyme such as pepsin, are included within the meaning of the term
antibody. Such non-naturally occurring antibodies can be constructed using solid phase peptide synthesis, produced
recombinantly or obtained, for example, by screening combinatorial libraries consisting of variable heavy chains and
variable light chains as described by Borrebaeck (Ed.), Antibody Engineering (Second edition) New York: Oxford Uni-
versity Press (1995). Methods of preparing monoclonal and polyclonal antibodies are routine in the art.

[0131] Polyclonal antibodies can be prepared as described above by immunizing a suitable subject with a polypeptide
of the invention as an immunogen. Preferred polyclonal antibody compositions are ones that have been selected for
antibodies directed against a polypeptide or polypeptides of the invention. Particularly preferred polyclonal antibody
preparations are ones that contain only antibodies directed against a polypeptide or polypeptides of the invention.
Particularly preferred immunogen compositions are those that contain no other human proteins such as, for example,
immunogen compositions made using a non-human host cell for recombinant expression of a polypeptide of the invention.
In such a manner, the only human epitope or epitopes recognized by the resulting antibody compositions raised against
this immunogen will be present as part of a polypeptide or polypeptides of the invention.

[0132] The antibody titer in the immunized subject can be monitored over time by standard techniques, such as with
an enzyme linked immunosorbent assay (ELISA) using immobilized polypeptide. If desired, the antibody molecules can
be harvested or isolated from the subject (e.g., from the blood or serum of the subject) and further purified by well-known
techniques, such as protein A chromatography to obtain the IgG fraction. Alternatively, antibodies specific for a protein
or polypeptide of the invention can be selected or (e.g., partially purified) or purified by, e.g., affinity chromatography.
For example, a recombinantly expressed and purified (or partially purified) protein of the invention is produced as
described herein, and covalently or non-covalently coupled to a solid support such as, for example, a chromatography
column. The column can then be used to affinity purify antibodies specific for the proteins of the invention from a sample
containing antibodies directed against a large number of different epitopes, thereby generating a substantially purified
antibody composition, i.e., one that is substantially free of contaminating antibodies. By a substantially purified antibody
composition is meant, in this context, that the antibody sample contains at most only 30% (by dry weight) of contaminating
antibodies directed against epitopes other than those of the desired protein or polypeptide of the invention, and preferably
at most 20%, yet more preferably at most 10%, and most preferably at most 5% (by dry weight) of the sample is
contaminating antibodies. A purified antibody composition means that at least 99% of the antibodies in the composition
are directed against the desired protein or polypeptide of the invention.

[0133] Atanappropriate time afterimmunization, e.g., when the specific antibody titers are highest, antibody-producing
cells can be obtained from the subject and used to prepare monoclonal antibodies by standard techniques, such as the
hybridoma technique originally described by Kohler and Milstein (1975) Nature 256:495-497, the human B cell hybridoma
technique (see Kozbor et al., 1983, Immunol. Today 4:72), the EBV-hybridoma technique (see Cole et al., pp. 77-96 In
Monoclonal Antibodies and Cancer Therapy, Alan R. Liss, Inc., 1985) or trioma techniques. The technology for producing
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hybridomas is well known (see generally Current Protocols in Immunology, Coligan et al. ed., John Wiley & Sons, New
York, 1994). Hybridoma cells producing a monoclonal antibody of the invention are detected by screening the hybridoma
culture supernatants for antibodies that bind the polypeptide of interest, e.g., using a standard ELISA assay.

[0134] Alternative to preparing monoclonal antibody-secreting hybridomas, a monoclonal antibody directed against a
polypeptide of the invention can be identified and isolated by screening a recombinant combinatorial immunoglobulin
library (e.g., an antibody phage display library) with the polypeptide of interest. Kits for generating and screening phage
display libraries are commercially available (e.g., the Pharmacia Recombinant Phage Antibody System, Catalog No.
27-9400-01; and the Stratagene SurfZAP Phage Display Kit, Catalog No. 240612). Additionally, examples of methods
and reagents particularly amenable for use in generating and screening antibody display library can be found in, for
example, U.S. Pat. No. 5,223,409; PCT Publication No. WO 92/18619; PCT Publication No. WO 91/17271; PCT Pub-
lication No. WO 92/20791; PCT Publication No. WO 92/15679; PCT Publication No. WO 93/01288; PCT Publication
No. WO 92/01047; PCT Publication No. WO 92/09690; PCT Publication No. WO 90/02809; Fuchs et al. (1991) Bio/Tech-
nology 9:1370-1372; Hay et al. (1992) Hum. Antibod. Hybridomas 3:81-85; Huse et al. (1989) Science 246: 1275-1281;
Griffiths et al. (1993) EMBO J. 12:725-734.

[0135] Additionally, recombinant antibodies, such as chimeric and humanized monoclonal antibodies, comprising both
human and non-human portions, which can be made using standard recombinant DNA techniques, are within the scope
of the invention. A chimeric antibody is a molecule in which different portions are derived from different animal species,
such as those having a variable region derived from a murine mAb and a human immunoglobulin constant region. (See,
e.g., Cabilly etal., U.S. Pat. No. 4,816,567; and Boss et al., U.S. Pat. No. 4,816,397. Humanized antibodies are antibody
molecules from non-human species having one or more complementarily determining regions (CDRs) from the non-
human species and a framework region from a human immunoglobulin molecule. (See, e.g., Queen, U.S. Pat. No.
5,585,089. Such chimeric and humanized monoclonal antibodies can be produced by recombinant DNA techniques
known inthe art, for example using methods described in PCT Publication No. WO 87/02671; European Patent Application
184,187; European Patent Application 171,496; European Patent Application 173,494; PCT Publication No. WO
86/01533; U.S. Pat. No. 4,816,567; European Patent Application 125,023; Better et al. (1988) Science 240:1041-1043;
Liu et al. (1987) Proc. Natl. Acad. Sci. USA 84:3439-3443; Liu et al. (1987) J. Immunol. 139:3521-3526; Sun et al. (1987)
Proc. Natl. Acad. Sci. USA 84:214-218; Nishimura et al. (1987) Cancer Res. 47:999-1005; Wood et al. (1985) Nature
314:446-449; and Shaw et al. (1988) J. Natl. Cancer Inst. 80:1553-1559); Morrison (1985) Science 229:1202-1207; Oi
et al. (1986) Bio/Techniques 4:214; U.S. Pat. No. 5,225,539; Jones et al. (1986) Nature 321:552-525; Verhoeyan et al
(1988) Science 239:1534; and Beidler et al. (1988) J. Immunol. 141:4053-4060.

[0136] Antibodies of the invention may be used as therapeutic agents in treating cancers. In a preferred embodiment,
completely human antibodies of the invention are used for therapeutic treatment of human cancer patients, particularly
those having an ovarian cancer. Such antibodies can be produced, for example, using transgenic mice which are
incapable of expressing endogenous immunoglobulin heavy and light chains genes, but which can express human heavy
and light chain genes. The transgenic mice are immunized in the normal fashion with a selected antigen, e.g., all or a
portion of a polypeptide corresponding to a marker of the invention. Monoclonal antibodies directed against the antigen
can be obtained using conventional hybridoma technology. The human immunoglobulin transgenes harbored by the
transgenic mice rearrange during B cell differentiation, and subsequently undergo class switching and somatic mutation.
Thus, using such a technique, it is possible to produce therapeutically useful IgG, IgA and IgE antibodies. For an overview
of this technology for producing human antibodies, see Lonberg and Huszar (1995) Int. Rev. Immunol. 13:65-93). For
a detailed discussion of this technology for producing human antibodies and human monoclonal antibodies and protocols
for producing such antibodies, see, e.g., U.S. Pat. No. 5,625,126; U.S. Pat. No. 5,633,425; U.S. Pat. No. 5,569,825;
U.S. Pat. No. 5,661,016; and U.S. Pat. No. 5,545,806. In addition, companies such as Abgenix, Inc. (Freemont, Calif.),
can be engaged to provide human antibodies directed against a selected antigen using technology similarto that described
above.

[0137] Completely human antibodies which recognize a selected epitope can be generated using a technique referred
to as "guided selection." In this approach a selected non-human monoclonal antibody, e.g., a murine antibody, is used
to guide the selection of a completely human antibody recognizing the same epitope (Jespers et al., 1994, Bio/technology
12:899-903).

[0138] An antibody directed against a polypeptide corresponding to a marker of the invention (e.g., a monoclonal
antibody) can be used to isolate the polypeptide by standard techniques, such as affinity chromatography or immuno-
precipitation. Moreover, such an antibody can be used to detect the marker (e.g., in a cellular lysate or cell supernatant)
in order to evaluate the level and pattern of expression of the marker. The antibodies can also be used diagnostically
to monitor protein levels in tissues or body fluids (e.g. in an ovary-associated body fluid) as part of a clinical testing
procedure, e.g., to, for example, determine the efficacy of a given treatment regimen. Detection can be facilitated by
coupling the antibody to a detectable substance. Examples of detectable substances include various enzymes, prosthetic
groups, fluorescent materials, luminescent materials, bioluminescent materials, and radioactive materials. Examples of
suitable enzymes include horseradish peroxidase, alkaline phosphatase, .beta.-galactosidase, or acetylcholinesterase;
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examples of suitable prosthetic group complexes include streptavidin/biotin and avidin/biotin; examples of suitable flu-
orescent materials include umbelliferone, fluorescein, fluorescein isothiocyanate, rhodamine, dichlorotriazinylamine flu-
orescein, dansyl chloride or phycoerythrin; an example of a luminescent material includes luminol; examples of biolu-
minescent materials include luciferase, luciferin, and aequorin, and examples of suitable radioactive material include
125] 131], 355 or 3H.

[0139] Further, an antibody (or fragment thereof) can be conjugated to a therapeutic moiety. The conjugates of the
invention can be used for modifying a given biological response, the drug moiety is not to be construed as limited to
classical chemical therapeutic agents. For example, the drug moiety may be a protein or polypeptide possessing a
desired biological activity. Such proteins may include, for example, biological response modifiers such as, for example,
lymphokines, interleukin-1 ("IL-1"), interleukin-2 ("IL-2"), interleukin-6 ("IL-6"), granulocyte macrophase colony stimulating
factor ("GM-CSF"), granulocyte colony stimulating factor ("G-CSF"), or other growth factors.

[0140] Techniques for conjugating such therapeutic moiety to antibodies are well known, see, e.g., Amon et al.,
"Monoclonal Antibodies For Immunotargeting Of Drugs In Cancer Therapy", in Monoclonal Antibodies And Cancer
Therapy, Reisfeld et al. (eds.), pp. 243-56 (Alan R. Liss, Inc. 1985); Hellstrom et al., "Antibodies For Drug Delivery", in
Controlled Drug Delivery (2nd Ed.), Robinson et al. (eds.), pp. 623-53 (Marcel Dekker, Inc. 1987); Thorpe, "Antibody
Carriers Of Cytotoxic Agents In Cancer Therapy: A Review", in Monoclonal Antibodies '84: Biological And Clinical
Applications, Pinchera et al. (eds.), pp. 475-506 (1985); "Analysis, Results, And Future Prospective Of The Therapeutic
Use Of Radiolabeled Antibody In Cancer Therapy", in Monoclonal Antibodies For Cancer Detection And Therapy, Baldwin
et al. (eds.), pp. 303-16 (Academic Press 1985), and Thorpe et al., "The Preparation And Cytotoxic Properties Of
Antibody-Toxin Conjugates", Immunol. Rev., 62:119-58 (1982).

[0141] Alternatively, an antibody can be conjugated to a second antibody to form an antibody heteroconjugate as
described by Segal in U.S. Pat. No. 4,676,980.

[0142] Accordingly, in one aspect, the invention provides substantially purified antibodies or fragments thereof, and
non-human antibodies or fragments thereof, which antibodies or fragments specifically bind to a polypeptide comprising
an amino acid sequence selected from the group consisting of the amino acid sequences of the present invention, an
amino acid sequence encoded by the cDNA of the present invention, a fragment of at least 15 amino acid residues of
an amino acid sequence of the present invention, an amino acid sequence which is at least 95% identical to the amino
acid sequence of the present invention (wherein the percent identity is determined using the ALIGN program of the GCG
software package with a PAM120 weight residue table, a gap length penalty of 12, and a gap penalty of 4) and an amino
acid sequence which is encoded by a nucleic acid molecule which hybridizes to a nucleic acid molecule consisting of
the nucleic acid molecules of the present invention, or a complement thereof, under conditions of hybridization of
6.times.SSC at45 .quadrature.C and washingin 0.2.times.SSC, 0.1% SDS at65 .quadrature.C. In various embodiments,
the substantially purified antibodies of the invention, or fragments thereof, can be human, non-human, chimeric and/or
humanized antibodies.

[0143] In another aspect, the invention provides non-human antibodies or fragments thereof, which antibodies or
fragments specifically bind to a polypeptide comprising an amino acid sequence selected from the group consisting of:
the amino acid sequence of the presentinvention, an amino acid sequence encoded by the cDNA of the present invention,
a fragment of at least 15 amino acid residues of the amino acid sequence of the present invention, an amino acid
sequence which is at least 95% identical to the amino acid sequence of the present invention (wherein the percent
identity is determined using the ALIGN program of the GCG software package with a PAM120 weight residue table, a
gap length penalty of 12, and a gap penalty of 4) and an amino acid sequence which is encoded by a nucleic acid
molecule which hybridizes to a nucleic acid molecule consisting of the nucleic acid molecules of the present invention,
or a complement thereof, under conditions of hybridization of 6.times.SSC at 45 .quadrature.C and washing in
0.2.times.SSC, 0.1% SDS at 65 .quadrature.C. Such non-human antibodies can be goat, mouse, sheep, horse, chicken,
rabbit, or rat antibodies. Alternatively, the non-human antibodies of the invention can be chimeric and/or humanized
antibodies. In addition, the non-human antibodies of the invention can be polyclonal antibodies or monoclonal antibodies.
[0144] In still a further aspect, the invention provides monoclonal antibodies or fragments thereof, which antibodies
or fragments specifically bind to a polypeptide comprising an amino acid sequence selected from the group consisting
of the amino acid sequences of the present invention, an amino acid sequence encoded by the cDNA of the present
invention, a fragment of at least 15 amino acid residues of an amino acid sequence of the present invention, an amino
acid sequence which is at least 95% identical to an amino acid sequence of the present invention (wherein the percent
identity is determined using the ALIGN program of the GCG software package with a PAM120 weight residue table, a
gap length penalty of 12, and a gap penalty of 4) and an amino acid sequence which is encoded by a nucleic acid
molecule which hybridizes to a nucleic acid molecule consisting of the nucleic acid molecules of the present invention,
or a complement thereof, under conditions of hybridization of 6.times.SSC at 45 .quadrature.C and washing in
0.2.times.SSC, 0.1% SDS at 65 .quadrature.C. The monoclonal antibodies can be human, humanized, chimeric and/or
non-human antibodies.

[0145] The substantially purified antibodies or fragments thereof may specifically bind to a signal peptide, a secreted
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sequence, an extracellular domain, a transmembrane or a cytoplasmic domain or cytoplasmic membrane of a polypeptide
of the invention. In a particularly preferred embodiment, the substantially purified antibodies or fragments thereof, the
non-human antibodies or fragments thereof, and/or the monoclonal antibodies or fragments thereof, of the invention
specifically bind to a secreted sequence or an extracellular domain of the amino acid sequences of the present invention.
[0146] Any of the antibodies of the invention can be conjugated to a therapeutic moiety or to a detectable substance.
Non-limiting examples of detectable substances that can be conjugated to the antibodies of the invention are an enzyme,
a prosthetic group, a fluorescent material, a luminescent material, a bioluminescent material, and a radioactive material.
[0147] A variety of useful anti-MG53 antibodies are described herein. Figure 4 demonstrates a number of exemplary
Mouse anti-human MG53 monoclonal antibodies encompassed by the invention. Figure 4a Depicts the structural ar-
rangement of domains in full-length human MG53 (hMG53). Human MG53 is a 477 amino acid protein that has an
approximate molecular mass of 53 kDa. Exemplary maltose binding protein (Mal)-hMG53 fusion proteins that were used
to generate mouse-anti-hMG53 monoclonal antibodies (Fig. 4b). At the right, the specific amino acids of hMG53 in each
fusion protein is indicated (with reference to (Fig. 4a), Ring = includes Ring domain; RBCC = includes the Ring-Bbox-
Coiled Coil domains; 2RY= includes the PRY and SPRY domains). Western blotting demonstrates the specificity of a
number of exemplary anti-hMG53 monoclonal antibodies (i.e., antibodies from a single hybridoma cell) against microsome
(m) isolated from mouse skeletal muscle, and each of the five constructs from (b) (i.e., lanes 1-5) (Fig. 4c). Note that
several of the monoclonal antibodies raised against human cross-react with MG53 from mouse (lane m). In addition,
the figure demonstrates that monoclonal antibodies isolated from hybridomas #121-12, #254-6, and #257-9 recognize
an epitope in the amino-terminus of hMG53, while antibodies from hybridomas #374-21, #377-37, and #23-18-12 rec-
ognize an epitope in the carboxyl-terminus of MG53.

[0148] Inanadditional aspect, the description provides kits comprising a composition as described herein and directions
for performing a method as described herein. For example, in an embodiment, the description provides an anti-MG53
monoclonal antibody and/or a portion or fragment thereof, and directions for performing a diagnostic method as described
herein.

[0149] In an additional aspect, the description provides a kit containing an antibody of the invention conjugated to a
detectable substance, and instructions for use. Still another aspect of the invention is a pharmaceutical composition
comprising an antibody of the invention and a pharmaceutically acceptable carrier. In preferred embodiments, the phar-
maceutical composition contains an antibody of the invention, a therapeutic moiety, and a pharmaceutically acceptable
carrier.

[0150] Stillanother aspect of the invention is a method of making an antibody that specifically recognizes a polypeptide
of the present invention, the method comprising immunizing a mammal with a polypeptide. The polypeptide used as an
immungen comprises an amino acid sequence selected from the group consisting of the amino acid sequence of the
present invention, an amino acid sequence encoded by the cDNA of the nucleic acid molecules of the present invention,
a fragment of at least 15 amino acid residues of the amino acid sequence of the present invention, an amino acid
sequence which is at least 95% identical to the amino acid sequence of the present invention (wherein the percent
identity is determined using the ALIGN program of the GCG software package with a PAM120 weight residue table, a
gap length penalty of 12, and a gap penalty of 4) and an amino acid sequence which is encoded by a nucleic acid
molecule which hybridizes to a nucleic acid molecule consisting of the nucleic acid molecules of the present invention,
ora complementthereof, under conditions of hybridization of 6.times.SSC at45.degree. C. and washingin 0.2.times.SSC,
0.1% SDS at 65.degree. C.

[0151] Afterimmunization, a sample is collected from the mammal that contains an antibody that specifically recognizes
the polypeptide. Preferably, the polypeptide is recombinantly produced using a non-human host cell. Optionally, the
antibodies can be further purified from the sample using techniques well known to those of skill in the art. The method
can further comprise producing a monoclonal antibody-producing cell from the cells of the mammal. Optionally, antibodies
are collected from the antibody-producing cell.

Recombinant Expression Vectors and Host Cells

[0152] Another aspect of the invention pertains to vectors, preferably expression vectors, containing a nucleic acid
encoding a polypeptide corresponding to a marker of the invention (or a portion of such a polypeptide). As used herein,
the term "vector" refers to a nucleic acid molecule capable of transporting another nucleic acid to which it has been
linked. One type of vector is a "plasmid", which refers to a circular double stranded DNA loop into which additional DNA
segments can be ligated. Another type of vector is a viral vector, wherein additional DNA segments can be ligated into
the viral genome. Certain vectors are capable of autonomous replication in a host cell into which they are introduced
(e.g., bacterial vectors having a bacterial origin of replication and episomal mammalian vectors). Other vectors (e.g.,
non-episomal mammalian vectors) are integrated into the genome of a host cell upon introduction into the host cell, and
thereby are replicated along with the host genome. Moreover, certain vectors, namely expression vectors, are capable
of directing the expression of genes to which they are operably linked. In general, expression vectors of utility in recom-
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binant DNA techniques are often in the form of plasmids (vectors). However, the invention is intended to include such
other forms of expression vectors, such as viral vectors (e.g., replication defective retroviruses, adenoviruses and adeno-
associated viruses), which serve equivalent functions.

[0153] The recombinant expression vectors of the invention comprise a nucleic acid of the invention in a form suitable
for expression of the nucleic acid in a host cell. This means that the recombinant expression vectors include one or more
regulatory sequences, selected on the basis of the host cells to be used for expression, which is operably linked to the
nucleic acid sequence to be expressed. Within a recombinant expression vector, "operably linked" is intended to mean
that the nucleotide sequence of interest is linked to the regulatory sequence(s) in a manner which allows for expression
of the nucleotide sequence (e.g., in an in vitro transcription/translation system or in a host cell when the vector is
introduced into the host cell). The term "regulatory sequence" is intended to include promoters, enhancers and other
expression control elements (e.g., polyadenylation signals). Such regulatory sequences are described, for example, in
Goeddel, Methods in Enzymology: Gene Expression Technology vol. 185, Academic Press, San Diego, Calif. (1991).
Regulatory sequences include those which direct constitutive expression of a nucleotide sequence in many types of
host cell and those which direct expression of the nucleotide sequence only in certain host cells (e.g., tissue-specific
regulatory sequences). It will be appreciated by those skilled in the art that the design of the expression vector can
depend on such factors as the choice of the host cell to be transformed, the level of expression of protein desired, and
the like. The expression vectors of the invention can be introduced into host cells to thereby produce proteins or peptides,
including fusion proteins or peptides, encoded by nucleic acids as described herein.

[0154] The recombinant expression vectors of the invention can be designed for expression of a polypeptide corre-
sponding to a marker of the invention in prokaryotic (e.g., E. coli) or eukaryotic cells (e.g., insect cells {using baculovirus
expression vectors}, yeast cells or mammalian cells). Suitable host cells are discussed further in Goeddel, supra. Alter-
natively, the recombinant expression vector can be transcribed and translated in vitro, for example using T7 promoter
regulatory sequences and T7 polymerase.

[0155] Expression of proteins in prokaryotes is most often carried out in E. coli with vectors containing constitutive or
inducible promoters directing the expression of either fusion or non-fusion proteins. Fusion vectors add a number of
amino acids to a protein encoded therein, usually to the amino terminus of the recombinant protein. Such fusion vectors
typically serve three purposes: 1) to increase expression of recombinant protein; 2) to increase the solubility of the
recombinant protein; and 3) to aid in the purification of the recombinant protein by acting as a ligand in affinity purification.
Often, in fusion expression vectors, a proteolytic cleavage site is introduced at the junction of the fusion moiety and the
recombinant protein to enable separation of the recombinant protein from the fusion moiety subsequent to purification
of the fusion protein. Such enzymes, and their cognate recognition sequences, include Factor Xa, thrombin and enter-
okinase. Typical fusion expression vectors include pGEX (Pharmacia Biotech Inc.; Smith and Johnson, 1988, Gene
67:31-40), pMAL (New England Bio labs, Beverly, Mass.) and pRIT5 (Pharmacia, Piscataway, N.J.) which fuse glutathione
S-transferase (GST), maltose E binding protein, or protein A, respectively, to the target recombinant protein.

[0156] Examples of suitable inducible non-fusion E. coli expression vectors include pTrc (Amann et al., 1988, Gene
69:301-315) and pET 11d (Studier et al., p. 60-89, In Gene Expression Technology: Methods in Enzymology vol. 185,
Academic Press, San Diego, Calif., 1991). Target gene expression from the pTrc vector relies on host RNA polymerase
transcription from a hybrid trp-lac fusion promoter. Target gene expression from the pET 11d vector relies on transcription
from a T7 gn10-lac fusion promoter mediated by a co-expressed viral RNA polymerase (T7 gnl). This viral polymerase
is supplied by host strains BL21(DE3) or HMS174(DE3) from a resident prophage harboring a T7 gnl gene under the
transcriptional control of the lacUV 5 promoter.

[0157] One strategy to maximize recombinant protein expression in E. coli is to express the protein in a host bacteria
with an impaired capacity to proteolytically cleave the recombinant protein (Gottesman, p. 119-128, In Gene Expression
Technology: Methods in Enzymology vol. 185, Academic Press, San Diego, Calif., 1990. Another strategy is to alter the
nucleic acid sequence of the nucleic acid to be inserted into an expression vector so that the individual codons for each
amino acid are those preferentially utilized in E. coli (Wada etal., 1992, Nucleic Acids Res. 20:2111-2118). Such alteration
of nucleic acid sequences of the invention can be carried out by standard DNA synthesis techniques.

[0158] Inanother embodiment, the expression vector is a yeast expression vector. Examples of vectors for expression
in yeast S. cerevisiae include pYepSecl (Baldari et al., 1987, EMBO J. 6:229-234), pMFa (Kurjan and Herskowitz, 1982,
Cell 30:933-943), pJRY88 (Schultz et al., 1987, Gene 54:113-123), pYES2 (Invitrogen Corporation, San Diego, Calif.),
and pPicZ (Invitrogen Corp, San Diego, Calif.).

[0159] Alternatively, the expression vector is a baculovirus expression vector. Baculovirus vectors available for ex-
pression of proteins in cultured insect cells (e.g., Sf 9 cells) include the pAc series (Smith et al., 1983, Mol. Cell Biol.
3:2156-2165) and the pVL series (Lucklow and Summers, 1989, Virology 170:31-39).

[0160] Inyetanother embodiment, a nucleic acid of the invention is expressed in mammalian cells using a mammalian
expression vector. Examples of mammalian expression vectors include pCDM8 (Seed, 1987, Nature 329:840) and
pMT2PC (Kaufman et al., 1987, EMBO J. 6:187-195). When used in mammalian cells, the expression vector’s control
functions are often provided by viral regulatory elements. For example, commonly used promoters are derived from

21



10

15

20

25

30

35

40

45

50

55

EP 2 635 908 B1

polyoma, Adenovirus 2, cytomegalovirus and Simian Virus 40. For other suitable expression systems for both prokaryotic
and eukaryotic cells see chapters 16 and 17 of Sambrook et al., supra.

[0161] In another embodiment, the recombinant mammalian expression vector is capable of directing expression of
the nucleic acid preferentially in a particular cell type (e.g., tissue-specific regulatory elements are used to express the
nucleic acid). Tissue-specific regulatory elements are known in the art. Non-limiting examples of suitable tissue-specific
promoters include the albumin promoter (liver-specific; Pinkert et al., 1987, Genes Dev. 1:268-277), lymphoid-specific
promoters (Calame and Eaton, 1988, Adv. Immunol. 43:235-275), in particular promoters of T cell receptors (Winoto
and Baltimore, 1989, EMBO J. 8:729-733) and immunoglobulins (Banerji et al., 1983, Cell 33:729-740; Queen and
Baltimore, 1983, Cell 33:741-748), neuron-specific promoters (e.g., the neurofilament promoter; Byrne and Ruddle,
1989, Proc. Natl. Acad. Sci. USA 86:5473-5477), pancreas-specific promoters (Edlund et al., 1985, Science
230:912-916), and mammary gland-specific promoters (e g., milk whey promoter; U.S. Pat. No. 4,873,316 and European
Application Publication No. 264,166). Developmentally-regulated promoters are also encompassed, for example the
murine hox promoters (Kessel and Gruss, 1990, Science 249:374-379) and the .alpha.-fetoprotein promoter (Camper
and Tilghman, 1989, Genes Dev. 3:537-546).

[0162] The invention further provides a recombinant expression vector comprising a DNA molecule of the invention
cloned into the expression vector in an antisense orientation. That is, the DNA molecule is operably linked to a regulatory
sequence in a manner which allows for expression (by transcription of the DNA molecule) of an RNA molecule which is
antisense to the mRNA encoding a polypeptide of the invention. Regulatory sequences operably linked to a nucleic acid
cloned in the antisense orientation can be chosen which direct the continuous expression of the antisense RNA molecule
in a variety of cell types, for instance viral promoters and/or enhancers, or regulatory sequences can be chosen which
direct constitutive, tissue-specific or cell type specific expression of antisense RNA. The antisense expression vector
can be in the form of a recombinant plasmid, phagemid, or attenuated virus in which antisense nucleic acids are produced
under the control of a high efficiency regulatory region, the activity of which can be determined by the cell type into which
the vector is introduced. For a discussion of the regulation of gene expression using antisense genes see Weintraub et
al., 1986, Trends in Genetics, Vol. 1(1).

[0163] Another aspectof the invention pertains to host cells into which a recombinant expression vector of the invention
has been introduced. The terms "host cell" and "recombinant host cell" are used interchangeably herein. Itis understood
that such terms refer not only to the particular subject cell but to the progeny or potential progeny of such a cell. Because
certain modifications may occur in succeeding generations due to either mutation or environmental influences, such
progeny may not, in fact, be identical to the parent cell, but are still included within the scope of the term as used herein.
[0164] A host cell can be any prokaryotic (e.g., E. coli) or eukaryotic cell (e.g., insect cells, yeast or mammalian cells).
[0165] Vector DNA canbeintroduced into prokaryotic or eukaryotic cells via conventional transformation or transfection
techniques. As used herein, the terms "transformation" and "transfection" are intended to refer to a variety of art-recog-
nized techniques for introducing foreign nucleic acid into a host cell, including calcium phosphate or calcium chloride
co-precipitation, DEAE-dextran-mediated transfection, lipofection, or electroporation. Suitable methods for transforming
or transfecting host cells can be found in Sambrook, et al. (supra), and other laboratory manuals.

[0166] For stable transfection of mammalian cells, it is known that, depending upon the expression vector and trans-
fection technique used, only a small fraction of cells may integrate the foreign DNA into their genome. In order to identify
and select these integrants, a gene that encodes a selectable marker (e.g., for resistance to antibiotics) is generally
introduced into the host cells along with the gene of interest. Preferred selectable markers include those which confer
resistance to drugs, such as G418, hygromycin and methotrexate. Cells stably transfected with the introduced nucleic
acid can be identified by drug selection (e.g., cells that have incorporated the selectable marker gene will survive, while
the other cells die).

[0167] A host cell of the invention, such as a prokaryotic or eukaryotic host cell in culture, can be used to produce a
polypeptide corresponding to a marker of the invention. Accordingly, the invention further provides methods for producing
a polypeptide corresponding to a marker of the invention using the host cells of the invention. In one embodiment, the
method comprises culturing the host cell of invention (into which a recombinant expression vector encoding a polypeptide
of the invention has been introduced) in a suitable medium such that the marker is produced. In another embodiment,
the method further comprises isolating the marker polypeptide from the medium or the host cell.

[0168] The host cells as described herein can also be used to produce nonhuman transgenic animals. For example,
a host cell of the invention is a fertilized oocyte or an embryonic stem cell into which a sequences encoding a polypeptide
corresponding to a marker of the invention have been introduced. Such host cells can then be used to create non-human
transgenic animals in which exogenous sequences encoding a marker protein of the invention have been introduced
into their genome or homologous recombinant animals in which endogenous gene(s) encoding a polypeptide corre-
sponding to a marker of the invention sequences have been altered. Such animals are useful for studying the function
and/or activity of the polypeptide corresponding to the marker and for identifying and/or evaluating modulators of polypep-
tide activity. As used herein, a "transgenic animal" is a non-human animal, preferably a mammal, more preferably a
rodent such as a rat or mouse, in which one or more of the cells of the animal includes a transgene. Other examples of
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transgenic animals include non-human primates, sheep, dogs, cows, goats, chickens, amphibians, etc. A transgene is
exogenous DNA which is integrated into the genome of a cell from which a transgenic animal develops and which
remains in the genome of the mature animal, thereby directing the expression of an encoded gene product in one or
more cell types or tissues of the transgenic animal. As used herein, an "homologous recombinant animal" is a non-
human animal, preferably a mammal, more preferably a mouse, in which an endogenous gene has been altered by
homologous recombination between the endogenous gene and an exogenous DNA molecule introduced into a cell of
the animal, e.g., an embryonic cell of the animal, prior to development of the animal.

[0169] A transgenic animal can be created by introducing a nucleic acid encoding a polypeptide corresponding to a
marker of the invention into the male pronuclei of a fertilized oocyte, e.g., by microinjection, retroviral infection, and
allowing the oocyte to develop in a pseudopregnant female foster animal. Intronic sequences and polyadenylation signals
can also be included in the transgene to increase the efficiency of expression of the transgene. A tissue-specific regulatory
sequence(s) can be operably linked to the transgene to direct expression of the polypeptide of the invention to particular
cells. Methods for generating transgenic animals via embryo manipulation and microinjection, particularly animals such
as mice, have become conventional in the art and are described, for example, in U.S. Pat. Nos. 4,736,866 and 4,870,009,
U.S. Pat. No. 4,873,191 and in Hogan, Manipulating the Mouse Embryo, Cold Spring Harbor Laboratory Press, Cold
Spring Harbor, N.Y., 1986. Similar methods are used for production of other transgenic animals. A transgenic founder
animal can be identified based upon the presence of the transgene in its genome and/or expression of mMRNA encoding
the transgene in tissues or cells of the animals. A transgenic founder animal can then be used to breed additional animals
carrying the transgene. Moreover, transgenic animals carrying the transgene can further be bred to other transgenic
animals carrying other transgenes.

[0170] To create an homologous recombinant animal, a vector is prepared which contains at least a portion of a gene
encoding a polypeptide corresponding to a marker of the invention into which a deletion, addition or substitution has
been introduced to thereby alter, e.g., functionally disrupt, the gene. In a preferred embodiment, the vector is designed
such that, upon homologous recombination, the endogenous gene is functionally disrupted (i.e., no longer encodes a
functional protein; also referred to as a "knock out" vector). Alternatively, the vector can be designed such that, upon
homologous recombination, the endogenous gene is mutated or otherwise altered but still encodes functional protein
(e.g., the upstream regulatory region can be altered to thereby alter the expression of the endogenous protein). In the
homologous recombination vector, the altered portion of the gene is flanked at its 5’ and 3’ ends by additional nucleic
acid of the gene to allow for homologous recombination to occur between the exogenous gene carried by the vector
and an endogenous gene in an embryonic stem cell. The additional flanking nucleic acid sequences are of sufficient
length for successful homologous recombination with the endogenous gene. Typically, several kilobases of flanking
DNA (both at the 5’ and 3’ ends) are included in the vector (see, e.g., Thomas and Capecchi, 1987, Cell 51:503 for a
description of homologous recombination vectors). The vector is introduced into an embryonic stem cell line (e.g., by
electroporation) and cells in which the introduced gene has homologously recombined with the endogenous gene are
selected (see, e.g., Liet al., 1992, Cell 69:915). The selected cells are then injected into a blastocyst of an animal (e.g.,
a mouse) to form aggregation chimeras (see, e.g., Bradley, Teratocarcinomas and Embryonic Stem Cells: A Practical
Approach, Robertson, Ed., IRL, Oxford, 1987, pp. 113-152). A chimeric embryo can then be implanted into a suitable
pseudopregnant female foster animal and the embryo brought to term. Progeny harboring the homologously recombined
DNA in their germ cells can be used to breed animals in which all cells of the animal contain the homologously recombined
DNA by germline transmission of the transgene. Methods for constructing homologous recombination vectors and ho-
mologous recombinant animals are described further in Bradley (1991) Current Opinion in Bio/Technology 2:823-829
and in PCT Publication NOS. WO 90/11354, WO 91/01140, WO 92/0968, and WO 93/04169.

[0171] Tansgenic non-human animals can be produced which contain selected systems which allow for regulated
expression of the transgene. One example of such a system is the cre/loxP recombinase system of bacteriophage P1.
For a description of the cre/loxP recombinase system, see, e.g., Lakso et al. (1992) Proc. Natl. Acad. Sci. USA
89:6232-6236. Another example of a recombinase system is the FLP recombinase system of Saccharomyces cerevisiae
(O’Gorman et al., 1991, Science 251:1351-1355). If a cre/loxP recombinase system is used to regulate expression of
the transgene, animals containing transgenes encoding both the Cre recombinase and a selected protein are required.
Such animals can be provided through the construction of "double" transgenic animals, e.g., by mating two transgenic
animals, one containing a transgene encoding a selected protein and the other containing a transgene encoding a
recombinase.

[0172] Clones of the non-human transgenic animals described herein can also be produced according to the methods
described in Wilmut et al. (1997) Nature 385:810-813 and PCT Publication NOS. WO 97/07668 and WO 97/07669.
[0173] The invention also provides methods (also referred to herein as "screening assays") for identifying modulators,
i.e., candidate or test compounds or agents (e.g., peptides, peptidomimetics, peptoids, small molecules or other drugs)
which (a) bind to the marker, or (b) have a modulatory (e.g., stimulatory or inhibitory) effect on the activity of the marker
or, more specifically, (c) have a modulatory effect on the interactions of the marker with one or more of its natural
substrates (e.g., peptide, protein, hormone, co-factor, or nucleic acid), or (d) have a modulatory effect on the expression
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of the marker. Such assays typically comprise a reaction between the marker and one or more assay components. The
other components may be either the test compound itself, or a combination of test compound and a natural binding
partner of the marker.

[0174] The test compounds of the present invention may be obtained from any available source, including systematic
libraries of natural and/or synthetic compounds. Test compounds may also be obtained by any of the numerous ap-
proaches in combinatorial library methods known in the art, including: biological libraries; peptoid libraries (libraries of
molecules having the functionalities of peptides, but with a novel, non-peptide backbone which are resistant to enzymatic
degradation but which nevertheless remain bioactive; see, e.g., Zuckermann et al., 1994, J. Med. Chem. 37:2678-85);
spatially addressable parallel solid phase or solution phase libraries; synthetic library methods requiring deconvolution;
the 'one-bead one-compound’ library method; and synthetic library methods using affinity chromatography selection.
The biological library and peptoid library approaches are limited to peptide libraries, while the other four approaches are
applicable to peptide, non-peptide oligomer or small molecule libraries of compounds (Lam, 1997, Anticancer Drug Des.
12:145).

[0175] Examples of methods for the synthesis of molecular libraries can be found in the art, for example in: DeWitt et
al. (1993) Proc. Natl. Acad. Sci. U.S.A. 90:6909; Erb et al. (1994) Proc. Natl. Acad. Sci. USA 91:11422; Zuckermann et
al. (1994). J. Med. Chem. 37:2678; Cho et al. (1993) Science 261:1303; Carrell et al. (1994) Angew. Chem. Int. Ed.
Engl. 33:2059; Carell etal. (1994) Angew. Chem. Int. Ed. Engl. 33:2061; and in Gallop etal. (1994) J. Med. Chem. 37:1233.
[0176] Libraries of compounds may be presented in solution (e.g., Houghten, 1992, Biotechniques 13:412-421), or
on beads (Lam, 1991, Nature 354:82-84), chips (Fodor, 1993, Nature 364:555-556), bacteria and/or spores, (Ladner,
U.S. Pat. No. 5,223,409), plasmids (Cull et al, 1992, Proc Natl Acad Sci USA 89:1865-1869) or on phage (Scott and
Smith, 1990, Science 249:386-390; Devlin, 1990, Science 249:404-406; Cwirla et al, 1990, Proc. Natl. Acad. Sci.
87:6378-6382; Felici, 1991, J. Mol. Biol. 222:301-310; Ladner, supra.).

[0177] In one embodiment, the invention provides assays for screening candidate or test compounds which are sub-
strates of a marker or biologically active portion thereof. In another embodiment, the invention provides assays for
screening candidate or test compounds which bind to a marker or biologically active portion thereof. Determining the
ability of the test compound to directly bind to a marker can be accomplished, for example, by coupling the compound
with a radioisotope or enzymatic label such that binding of the compound to the marker can be determined by detecting
the labeled marker compound in a complex. For example, compounds (e.g., marker substrates) can be labeled
with .sup.125l, .sup.35S, .sup.14C, or .sup.3H, either directly or indirectly, and the radioisotope detected by direct count-
ing of radioemission or by scintillation counting. Alternatively, assay components can be enzymatically labeled with, for
example, horseradish peroxidase, alkaline phosphatase, or luciferase, and the enzymatic label detected by determination
of conversion of an appropriate substrate to product.

[0178] In another embodiment, the invention provides assays for screening candidate or test compounds which mod-
ulate the activity of a marker or a biologically active portion thereof. In all likelihood, the marker can, in vivo, interact with
one or more molecules, such as but not limited to, peptides, proteins, hormones, cofactors and nucleic acids. For the
purposes of this discussion, such cellular and extracellular molecules are referred to herein as "binding partners" or
marker "substrate".

[0179] One necessary embodiment of the invention in order to facilitate such screening is the use of the marker to
identify its natural in vivo binding partners. There are many ways to accomplish this which are known to one skilled in
the art. One example is the use of the marker protein as "bait protein" in a two-hybrid assay or three-hybrid assay (see,
e.g., U.S. Pat. No. 5,283,317; Zervos et al, 1993, Cell 72:223-232; Madura et al, 1993, J. Biol. Chem. 268:12046-12054;
Bartel et al., 1993, Biotechniques 14:920-924; Iwabuchi et al, 1993 Oncogene 8:1693-1696; Brent W094/10300) in
order to identify other proteins which bind to or interact with the marker (binding partners) and, therefore, are possibly
involved in the natural function of the marker. Such marker binding partners are also likely to be involved in the propagation
of signals by the marker or downstream elements of a marker-mediated signaling pathway. Alternatively, such marker
binding partners may also be found to be inhibitors of the marker.

[0180] The two-hybrid system is based on the modular nature of most transcription factors, which consist of separable
DNA-binding and activation domains. Briefly, the assay utilizes two different DNA constructs. In one construct, the gene
that encodes a marker protein fused to a gene encoding the DNA binding domain of a known transcription factor (e.g.,
GAL-4). In the other construct, a DNA sequence, from a library of DNA sequences, that encodes an unidentified protein
("prey" or "sample") is fused to a gene that codes for the activation domain of the known transcription factor. If the "bait"
and the "prey" proteins are able to interact, in vivo, forming a marker-dependent complex, the DNA-binding and activation
domains of the transcription factor are brought into close proximity. This proximity allows transcription of a reporter gene
(e.g., LacZ) which is operably linked to a transcriptional regulatory site responsive to the transcription factor. Expression
of the reporter gene can be readily detected and cell colonies containing the functional transcription factor can be isolated
and used to obtain the cloned gene which encodes the protein which interacts with the marker protein.

[0181] In a further embodiment, assays may be devised through the use of the invention for the purpose of identifying
compounds which modulate (e.g., affect either positively or negatively) interactions between a marker and its substrates
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and/or binding partners. Such compounds can include, but are not limited to, molecules such as antibodies, peptides,
hormones, oligonucleotides, nucleic acids, and analogs thereof. Such compounds may also be obtained from any avail-
able source, including systematic libraries of natural and/or synthetic compounds. The preferred assay components for
use in this embodiment is an ovarian cancer marker identified herein, the known binding partner and/or substrate of
same, and the test compound. Test compounds can be supplied from any source.

[0182] The basic principle of the assay systems used to identify compounds that interfere with the interaction between
the marker and its binding partner involves preparing a reaction mixture containing the marker and its binding partner
under conditions and for a time sufficient to allow the two products to interact and bind, thus forming a complex. In order
to test an agent for inhibitory activity, the reaction mixture is prepared in the presence and absence of the test compound.
The test compound can be initially included in the reaction mixture, or can be added at a time subsequent to the addition
of the marker and its binding partner. Control reaction mixtures are incubated without the test compound or with a
placebo. The formation of any complexes between the marker and its binding partner is then detected. The formation
of a complex in the control reaction, but less or no such formation in the reaction mixture containing the test compound,
indicates that the compound interferes with the interaction of the marker and its binding partner. Conversely, the formation
of more complex in the presence of compound than in the control reaction indicates that the compound may enhance
interaction of the marker and its binding partner.

[0183] The assay for compounds that interfere with the interaction of the marker with its binding partner may be
conducted in a heterogeneous or homogeneous format. Heterogeneous assays involve anchoring either the marker or
its binding partner onto a solid phase and detecting complexes anchored to the solid phase at the end of the reaction.
In homogeneous assays, the entire reaction is carried out in a liquid phase. In either approach, the order of addition of
reactants can be varied to obtain different information about the compounds being tested. For example, test compounds
that interfere with the interaction between the markers and the binding partners (e.g., by competition) can be identified
by conducting the reaction in the presence of the test substance, i.e., by adding the test substance to the reaction mixture
prior to or simultaneously with the marker and its interactive binding partner. Alternatively, test compounds that disrupt
preformed complexes, e.g., compounds with higher binding constants that displace one of the components from the
complex, can be tested by adding the test compound to the reaction mixture after complexes have been formed. The
various formats are briefly described below.

[0184] In a heterogeneous assay system, either the marker or its binding partner is anchored onto a solid surface or
matrix, while the other corresponding non-anchored component may be labeled, either directly or indirectly. In practice,
microtitre plates are often utilized for this approach. The anchored species can be immobilized by a number of methods,
either non-covalent or covalent, that are typically well known to one who practices the art. Non-covalent attachment can
often be accomplished simply by coating the solid surface with a solution of the marker or its binding partner and drying.
Alternatively, an immobilized antibody specific for the assay component to be anchored can be used for this purpose.
Such surfaces can often be prepared in advance and stored.

[0185] In related embodiments, a fusion protein can be provided which adds a domain that allows one or both of the
assay components to be anchored to a matrix. For example, glutathione-S-transferase/marker fusion proteins or glu-
tathione-S-transferase/binding partner can be adsorbed onto glutathione sepharose beads (Sigma Chemical, St. Louis,
Mo.) or glutathione derivatized microtiter plates, which are then combined with the test compound or the test compound
and either the non-adsorbed marker or its binding partner, and the mixture incubated under conditions conducive to
complex formation (e.g., physiological conditions). Following incubation, the beads or microtiter plate wells are washed
to remove any unbound assay components, the immobilized complex assessed either directly or indirectly, for example,
as described above. Alternatively, the complexes can be dissociated from the matrix, and the level of marker binding or
activity determined using standard techniques.

[0186] Othertechniques forimmobilizing proteins on matrices can also be used in the screening assays of the invention.
Forexample, either a marker or a marker binding partner can be immobilized utilizing conjugation of biotin and streptavidin.
Biotinylated marker protein or target molecules can be prepared from biotin-NHS (N-hydroxy-succinimide) using tech-
niques known in the art (e.g., biotinylation kit, Pierce Chemicals, Rockford, 111.), and immobilized in the wells of strepta-
vidin-coated 96 well plates (Pierce Chemical). In certain embodiments, the protein-immobilized surfaces can be prepared
in advance and stored.

[0187] In order to conduct the assay, the corresponding partner of the immobilized assay component is exposed to
the coated surface with or without the test compound. After the reaction is complete, unreacted assay components are
removed (e.g., by washing) and any complexes formed will remain immobilized on the solid surface. The detection of
complexes anchored on the solid surface can be accomplished in a number of ways. Where the non-immobilized com-
ponent is pre-labeled, the detection of label immobilized on the surface indicates that complexes were formed. Where
the non-immobilized component is not pre-labeled, an indirect label can be used to detect complexes anchored on the
surface; e.g., using a labeled antibody specific for the initially non-immobilized species (the antibody, in turn, can be
directly labeled or indirectly labeled with, e.g., alabeled anti-lg antibody). Depending upon the order of addition of reaction
components, test compounds which modulate (inhibit or enhance) complex formation or which disrupt preformed com-
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plexes can be detected.

[0188] In an alternate embodiment of the invention, a homogeneous assay may be used. This is typically a reaction,
analogous to those mentioned above, which is conducted in a liquid phase in the presence or absence of the test
compound. The formed complexes are then separated from unreacted components, and the amount of complex formed
is determined. As mentioned for heterogeneous assay systems, the order of addition of reactants to the liquid phase
can yield information about which test compounds modulate (inhibit or enhance) complex formation and which disrupt
preformed complexes.

[0189] In such a homogeneous assay, the reaction products may be separated from unreacted assay components by
any of a number of standard techniques, including but not limited to: differential centrifugation, chromatography, elec-
trophoresis and immunoprecipitation. In differential centrifugation, complexes of molecules may be separated from
uncomplexed molecules through a series of centrifugal steps, due to the different sedimentation equilibria of complexes
based on their different sizes and densities (see, for example, Rivas, G., and Minton, A. P., Trends Biochem Sci. 1993
Aug. ;18(8):284-7). Standard chromatographic techniques may also be utilized to separate complexed molecules from
uncomplexed ones. For example, gel filtration chromatography separates molecules based on size, and through the
utilization of an appropriate gel filtration resin in a column format, for example, the relatively larger complex may be
separated from the relatively smaller uncomplexed components. Similarly, the relatively different charge properties of
the complex as compared to the uncomplexed molecules may be exploited to differentially separate the complex from
the remaining individual reactants, for example through the use of ion-exchange chromatography resins. Such resins
and chromatographic techniques are well known to one skilled in the art (see, e.g., Heegaard, 1998, J. Mol. Recognit.
11:141-148; Hage and Tweed, 1997, J. Chromatogr. B. Biomed Sci. Appl., 699:499-525). Gel electrophoresis may also
be employed to separate complexed molecules from unbound species (see, e.g., Ausubel et al (eds.), In: Current
Protocols in Molecular Biology, J. Wiley & Sons, New York. 1999). In this technique, protein or nucleic acid complexes
are separated based on size or charge, for example. In order to maintain the binding interaction during the electrophoretic
process, nondenaturing gels in the absence of reducing agent are typically preferred, but conditions appropriate to the
particular interactants will be well known to one skilled in the art Immunoprecipitation is another common technique
utilized for the isolation of a protein-protein complex from solution (see, e.g., Ausubel et al (eds.), In: Current Protocols
in Molecular Biology, J. Wiley & Sons, New York. 1999). In this technique, all proteins binding to an antibody specific to
one of the binding molecules are precipitated from solution by conjugating the antibody to a polymer bead that may be
readily collected by centrifugation. The bound assay components are released from the beads (through a specific
proteolysis event or other technique well known in the art which will not disturb the protein-protein interaction in the
complex), and a second immunoprecipitation step is performed, this time utilizing antibodies specific for the correspond-
ingly different interacting assay component. In this manner, only formed complexes should remain attached to the beads.
Variations in complex formation in both the presence and the absence of a test compound can be compared, thus offering
information about the ability of the compound to modulate interactions between the marker and its binding partner.
[0190] Also within the scope of the present invention are methods for direct detection of interactions between the
marker and its natural binding partner and/or a test compound in a homogeneous or heterogeneous assay system
without further sample manipulation. For example, the technique of fluorescence energy transfer may be utilized (see,
e.g., Lakowicz et al, U.S. Pat. No. 5,631,169; Stavrianopoulos et al, U.S. Pat. No. 4,868,103). Generally, this technique
involves the addition of a fluorophore label on a first '"donor’ molecule (e.g., marker or test compound) such that its
emitted fluorescent energy will be absorbed by a fluorescent label on a second, 'acceptor’ molecule (e.g., marker or test
compound), which in turn is able to fluoresce due to the absorbed energy. Alternately, the ’donor’ protein molecule may
simply utilize the natural fluorescent energy of tryptophan residues. Labels are chosen that emit different wavelengths
of light, such that the ’acceptor’ molecule label may be differentiated from that of the 'donor’. Since the efficiency of
energy transfer between the labels is related to the distance separating the molecules, spatial relationships between
the molecules can be assessed. In a situation in which binding occurs between the molecules, the fluorescent emission
of the "acceptor’ molecule label in the assay should be maximal. An FET binding event can be conveniently measured
through standard fluorometric detection means well known in the art (e.g., using a fluorimeter). A test substance which
either enhances or hinders participation of one of the species in the preformed complex will result in the generation of
a signal variant to that of background. In this way, test substances that modulate interactions between a marker and its
binding partner can be identified in controlled assays.

[0191] In another embodiment, modulators of marker expression are identified in a method wherein a cell is contacted
with a candidate compound and the expression of MRNA or protein, corresponding to a marker in the cell, is determined.
The level of expression of mMRNA or protein in the presence of the candidate compound is compared to the level of
expression of mRNA or protein in the absence of the candidate compound. The candidate compound can then be
identified as a modulator of marker expression based on this comparison. For example, when expression of marker
mRNA or protein is greater (statistically significantly greater) in the presence of the candidate compound than in its
absence, the candidate compound is identified as a stimulator of marker mRNA or protein expression. Conversely, when
expression of marker mRNA or protein is less (statistically significantly less) in the presence of the candidate compound
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than in its absence, the candidate compound is identified as an inhibitor of marker mRNA or protein expression. The
level of marker mRNA or protein expression in the cells can be determined by methods described herein for detecting
marker mRNA or protein.

[0192] In another aspect, the invention pertains to a combination of two or more of the assays described herein. For
example, a modulating agent can be identified using a cell-based or a cell free assay, and the ability of the agent to
modulate the activity of a marker protein can be further confirmed in vivo, e.g., in a whole animal model for cellular
transformation and/or tumorigenesis.

[0193] Thisinvention further pertains to novel agents identified by the above-described screening assays. Accordingly,
it is within the scope of this invention to further use an agent identified as described herein in an appropriate animal
model. For example, an agent identified as described herein (e.g., an marker modulating agent, an antisense marker
nucleic acid molecule, an marker-specific antibody, or an marker-binding partner) can be used in an animal model to
determine the efficacy, toxicity, or side effects of treatment with such an agent. Alternatively, an agent identified as
described herein can be used in an animal model to determine the mechanism of action of such an agent. Furthermore,
this invention pertains to uses of novel agents identified by the above-described screening assays for treatments as
described herein.

[0194] It is understood that appropriate doses of small molecule agents and protein or polypeptide agents depends
upon a number of factors within the knowledge of the ordinarily skilled physician, veterinarian, or researcher. The dose(s)
of these agents will vary, for example, depending upon the identity, size, and condition of the subject or sample being
treated, further depending upon the route by which the composition is to be administered, if applicable, and the effect
which the practitioner desires the agent to have upon the nucleic acid or polypeptide of the invention. Exemplary doses
of a small molecule include milligram or microgram amounts per kilogram of subject or sample weight (e.g. about 1
microgram per kilogram to about 500 milligrams per kilogram, about 100 micrograms per kilogram to about 5 milligrams
per kilogram, or about 1 microgram per kilogram to about 50 micrograms per kilogram). Exemplary doses of a protein
or polypeptide include gram, milligram or microgram amounts per kilogram of subject or sample weight (e.g. about 1
microgram per kilogram to about 5 grams per kilogram, about 100 micrograms per kilogram to about 500 milligrams per
kilogram, or about 1 milligram per kilogram to about 50 milligrams per kilogram). It is furthermore understood that
appropriate doses of one of these agents depend upon the potency of the agent with respect to the expression or activity
to be modulated. Such appropriate doses can be determined using the assays described herein. When one or more of
these agentsis to be administered to an animal (e.g. a human) in order to modulate expression or activity of a polypeptide
or nucleic acid of the invention, a physician, veterinarian, or researcher can, for example, prescribe a relatively low dose
at first, subsequently increasing the dose until an appropriate response is obtained. In addition, it is understood that the
specific dose level for any particular animal subject will depend upon a variety of factors including the activity of the
specific agent employed, the age, body weight, general health, gender, and diet of the subject, the time of administration,
the route of administration, the rate of excretion, any drug combination, and the degree of expression or activity to be
modulated.

[0195] Pharmaceutically compatible binding agents, and/or adjuvant materials can be included as part of the compo-
sition. The tablets, pills, capsules, troches, and the like can contain any of the following ingredients, or compounds of a
similar nature: a binder such as microcrystalline cellulose, gum tragacanth or gelatin; an excipient such as starch or
lactose, a disintegrating agent such as alginic acid, Primogel, or corn starch; a lubricant such as magnesium stearate
or Sterotes; a glidant such as colloidal silicon dioxide; a sweetening agent such as sucrose or saccharin; or a flavoring
agent such as peppermint, methyl salicylate, or orange flavoring.

[0196] The nucleic acid molecules corresponding to a marker of the invention can be inserted into vectors and used
as gene therapy vectors. Gene therapy vectors can be delivered to a subject by, for example, intravenous injection, local
administration (U.S. Pat. No. 5,328,470), or by stereotactic injection (see, e.g., Chen et al., 1994, Proc. Natl. Acad Sci.
USA 91:3054-3057). The pharmaceutical preparation of the gene therapy vector can include the gene therapy vector
in an acceptable diluent, or can comprise a slow release matrix in which the gene delivery vehicle is imbedded. Alter-
natively, where the complete gene delivery vector can be produced intact from recombinant cells, e.g. retroviral vectors,
the pharmaceutical preparation can include one or more cells which produce the gene delivery system.

[0197] The pharmaceutical compositions can be included in a container, pack, or dispenser together with instructions
for administration.

Monitoring the Effectiveness of an Agent
[0198] As discussed above, the identified marker can also be used as to assess whether a disease or disorder has
become refractory to an ongoing treatment. In such a use, the invention provides methods for determining whether a

treatment should be continued comprising the steps of:

a) obtaining two or more samples from a patient undergoing therapy;
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b) determining the level of expression of one or more markers of the invention in the sample exposed to the agent
and in a sample that is not exposed to the agent; and

c) discontinuing or altering treatment when one or more markers of the invention decreases and/or when one or
more markers of the invention increases.

[0199] As used herein, a patient or subject refers to any subject undergoing treatment. The preferred subject will be
a human patient undergoing chemotherapy treatment.

[0200] This embodiment of the present invention relies on comparing two or more samples obtained from a patient
undergoing a treatment. In general, it is preferable to obtain a first sample from the patient prior to beginning therapy
and one or more samples during treatment. In such a use, a baseline prior to therapy is determined and then changes
in the baseline state is monitored during the course of therapy. Alternatively, two or more successive samples obtained
during treatment can be used without the need of a pre-treatment baseline sample. In such a use, the first sample
obtained from the subject is used as a baseline for determining whether the marker is increasing or decreasing.
[0201] In general, when monitoring the effectiveness of a therapeutic treatment, two or more samples from the patient
are examined. Preferably, three or more successively obtained samples are used, including at least one pretreatment
sample.

Detection Assays

[0202] An exemplary method for detecting the presence or absence of a polypeptide or nucleic acid corresponding to
a marker of the invention in a biological sample involves obtaining a biological sample from a test subject and contacting
the biological sample with a compound or an agent capable of detecting the polypeptide or nucleic acid (e.g., mRNA,
genomic DNA, or cDNA). The detection methods of the invention can thus be used to detect mRNA, protein, cDNA, or
genomic DNA, for example, in a biological sample in vitro as well as in vivo. For example, in vitro techniques for detection
of mRNA include Northern hybridizations and in situ hybridizations. In vitro techniques for detection of a polypeptide
corresponding to a marker of the invention include enzyme linked immunosorbent assays (ELISAs), Western blots,
immunoprecipitations and immunofluorescence. In vitro techniques for detection of genomic DNA include Southern
hybridizations. Furthermore, in vivo techniques for detection of a polypeptide corresponding to a marker of the invention
include introducing into a subject a labeled antibody directed against the polypeptide. For example, the antibody can be
labeled with a radioactive marker whose presence and location in a subject can be detected by standard imaging
techniques.

[0203] A general principle of such diagnostic and prognostic assays involves preparing a sample or reaction mixture
that may contain a marker, and a probe, under appropriate conditions and for a time sufficient to allow the marker and
probe to interact and bind, thus forming a complex that can be removed and/or detected in the reaction mixture. These
assays can be conducted in a variety of ways.

[0204] For example, one method to conduct such an assay would involve anchoring the marker or probe onto a solid
phase support, also referred to as a substrate, and detecting target marker/probe complexes anchored on the solid
phase at the end of the reaction. In one embodiment of such a method, a sample from a subject, which is to be assayed
for presence and/or concentration of marker, can be anchored onto a carrier or solid phase support. In another embod-
iment, the reverse situation is possible, in which the probe can be anchored to a solid phase and a sample from a subject
can be allowed to react as an unanchored component of the assay.

[0205] There are many established methods for anchoring assay components to a solid phase. These include, without
limitation, marker or probe molecules which are immobilized through conjugation of biotin and streptavidin. Such bioti-
nylated assay components can be prepared from biotin-NHS (N-hydroxy-succinimide) using techniques known in the
art (e.g., biotinylation kit, Pierce Chemicals, Rockford, lll.), and immobilized in the wells of streptavidin-coated 96 well
plates (Pierce Chemical). In certain embodiments, the surfaces with immobilized assay components can be prepared
in advance and stored.

[0206] Other suitable carriers or solid phase supports for such assays include any material capable of binding the
class of molecule to which the marker or probe belongs. Well-known supports or carriers include, but are not limited to,
glass, polystyrene, nylon, polypropylene, nylon, polyethylene, dextran, amylases, natural and modified celluloses, poly-
acrylamides, gabbros, and magnetite.

[0207] In order to conduct assays with the above mentioned approaches, the non-immobilized component is added
to the solid phase upon which the second component is anchored. After the reaction is complete, uncomplexed com-
ponents may be removed (e.g., by washing) under conditions such that any complexes formed will remain immobilized
upon the solid phase. The detection of marker/probe complexes anchored to the solid phase can be accomplished in a
number of methods outlined herein.

[0208] In a preferred embodiment, the probe, when it is the unanchored assay component, can be labeled for the
purpose of detection and readout of the assay, either directly or indirectly, with detectable labels discussed herein and
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which are well-known to one, skilled in the art.

[0209] Itis also possible to directly detect marker/probe complex formation without further manipulation or labeling of
either component (marker or probe), for example by utilizing the technique of fluorescence energy transfer (see, for
example, Lakowicz et al., U.S. Pat. No. 5,631,169; Stavrianopoulos, et al., U.S. Pat. No. 4,868,103). A fluorophore label
on the first, "donor’ molecule is selected such that, upon excitation with incident light of appropriate wavelength, its
emitted fluorescent energy will be absorbed by a fluorescent label on a second 'acceptor’ molecule, which in turn is able
to fluoresce due to the absorbed energy. Alternately, the ’"donor’ protein molecule may simply utilize the natural fluorescent
energy of tryptophan residues. Labels are chosen that emit different wavelengths of light, such that the ’acceptor’ molecule
label may be differentiated from that of the 'donor’. Since the efficiency of energy transfer between the labels is related
to the distance separating the molecules, spatial relationships between the molecules can be assessed. In a situation
in which binding occurs between the molecules, the fluorescent emission of the ‘acceptor’ molecule label in the assay
should be maximal. An FET binding event can be conveniently measured through standard fluorometric detection means
well known in the art (e.g., using a fluorimeter).

[0210] In another embodiment, determination of the ability of a probe to recognize a marker can be accomplished
without labeling either assay component (probe or marker) by utilizing a technology such as real-time Biomolecular
Interaction Analysis (BIA) (see, e.g., Sjolander, S. and Urbaniczky, C., 1991, Anal. Chem. 63:2338-2345 and Szabo et
al., 1995, Curr. Opin. Struct. Biol. 5:699-705). As used herein, "BIA" or "surface plasmon resonance" is a technology for
studying biospecific interactions in real time, without labeling any of the interactants (e.g., BlAcore). Changes in the
mass at the binding surface (indicative of a binding event) result in alterations of the refractive index of light near the
surface (the optical phenomenon of surface plasmon resonance (SPR)), resulting in a detectable signal which can be
used as an indication of real-time reactions between biological molecules.

[0211] Alternatively, in another embodiment, analogous diagnostic and prognostic assays can be conducted with
marker and probe as solutes in a liquid phase. In such an assay, the complexed marker and probe are separated from
uncomplexed components by any of a number of standard techniques, including but not limited to: differential centrifu-
gation, chromatography, electrophoresis and immunoprecipitation. In differential centrifugation, marker/probe complexes
may be separated from uncomplexed assay components through a series of centrifugal steps, due to the different
sedimentation equilibria of complexes based on their different sizes and densities (see, for example, Rivas, G., and
Minton, A. P., 1993, Trends Biochem Sci. 18(8):284-7). Standard chromatographic techniques may also be utilized to
separate complexed molecules from uncomplexed ones. For example, gelfiltration chromatography separates molecules
based on size, and through the utilization of an appropriate gel filtration resin in a column format, for example, the
relatively larger complex may be separated from the relatively smaller uncomplexed components. Similarly, the relatively
different charge properties of the marker/probe complex as compared to the uncomplexed components may be exploited
to differentiate the complex from uncomplexed components, for example through the utilization of ion-exchange chro-
matography resins. Such resins and chromatographic techniques are well known to one skilled in the art (see, e.g.,
Heegaard, N. H., 1998, J. Mol. Recognit. Winter 11(1-6):141-8; Hage, D. S., and Tweed, S. A. J Chromatogr B Biomed
Sci Appl 1997 Oct. 10; 699(1-2):499-525). Gel electrophoresis may also be employed to separate complexed assay
components from unbound components (see, e.g., Ausubel et al., ed., Current Protocols in Molecular Biology, John
Wiley & Sons, New York, 1987-1999). In this technique, protein or nucleic acid complexes are separated based on size
or charge, for example. In order to maintain the binding interaction during the electrophoretic process, non-denaturing
gel matrix materials and conditions in the absence of reducing agent are typically preferred. Appropriate conditions to
the particular assay and components thereof will be well known to one skilled in the art.

[0212] In a particular embodiment, the level of mMRNA corresponding to the marker can be determined both by in situ
and by in vitro formats in a biological sample using methods known in the art. The term "biological sample" is intended
to include tissues, cells, biological fluids and isolates thereof, isolated from a subject, as well as tissues, cells and fluids
present within a subject. Many expression detection methods use isolated RNA. For in vitro methods, any RNA isolation
technique that does not select against the isolation of mMRNA can be utilized for the purification of RNA from ovarian
cells (see, e.g., Ausubel et al., ed., Current Protocols in Molecular Biology, John Wiley & Sons, New York 1987-1999).
Additionally, large numbers of tissue samples can readily be processed using techniques well known to those of skill in
the art, such as, for example, the single-step RNA isolation process of Chomczynski (1989, U.S. Pat. No. 4,843,155).

[0213] The isolated mMRNA can be used in hybridization or amplification assays that include, but are not limited to,
Southern or Northern analyses, polymerase chain reaction analyses and probe arrays. One preferred diagnostic method
for the detection of MRNA levels involves contacting the isolated mMRNA with a nucleic acid molecule (probe) that can
hybridize to the mRNA encoded by the gene being detected. The nucleic acid probe can be, for example, a full-length
cDNA, or a portion thereof, such as an oligonucleotide of at least 7, 15, 30, 50, 100, 250 or 500 nucleotides in length
and sufficient to specifically hybridize under stringent conditions to a mRNA or genomic DNA encoding a marker of the
present invention. Other suitable probes for use in the diagnostic assays of the invention are described herein. Hybrid-
ization of an mRNA with the probe indicates that the marker in question is being expressed.

[0214] In one format, the mRNA is immobilized on a solid surface and contacted with a probe, for example by running
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the isolated mRNA on an agarose gel and transferring the mRNA from the gel to a membrane, such as nitrocellulose.
In an alternative format, the probe(s) are immobilized on a solid surface and the mRNA is contacted with the probe(s),
for example, in an Affymetrix gene chip array. A skilled artisan can readily adapt known mRNA detection methods for
use in detecting the level of mMRNA encoded by the markers of the present invention.

[0215] An alternative method for determining the level of mMRNA corresponding to a marker of the present invention
in a sample involves the process of nucleic acid amplification, e.g., by tPCR (the experimental embodiment set forth in
Mullis, 1987, U.S. Pat. No. 4,683,202), ligase chain reaction (Barany, 1991, Proc. Natl. Acad Sci. USA, 88:189-193),
self sustained sequence replication (Guatelli et al., 1990, Proc. Natl. Acad Sci. USA 87:1874-1878), transcriptional
amplification system (Kwoh et al., 1989, Proc. Natl. Acad Sci. USA 86:1173-1177), Q-Beta Replicase (Lizardi et al.,
1988, Bio/Technology 6:1197), rolling circle replication (Lizardi et al., U.S. Pat. No. 5,854,033) or any other nucleic acid
amplification method, followed by the detection of the amplified molecules using techniques well known to those of skill
in the art. These detection schemes are especially useful for the detection of nucleic acid molecules if such molecules
are present in very low numbers. As used herein, amplification primers are defined as being a pair of nucleic acid
molecules that can anneal to 5’ or 3’ regions of a gene (plus and minus strands, respectively, or vice-versa) and contain
a short region in between. In general, amplification primers are from about 10 to 30 nucleotides in length and flank a
region from about 50 to 200 nucleotides in length. Under appropriate conditions and with appropriate reagents, such
primers permit the amplification of a nucleic acid molecule comprising the nucleotide sequence flanked by the primers.
[0216] For in situ methods, mRNA does not need to be isolated from the ovarian cells prior to detection. In such
methods, a cell or tissue sample is prepared/processed using known histological methods. The sample is then immobilized
on a support, typically a glass slide, and then contacted with a probe that can hybridize to mMRNA that encodes the marker.
[0217] Asan alternative to making determinations based on the absolute expression level of the marker, determinations
may be based on the normalized expression level of the marker. Expression levels are normalized by correcting the
absolute expression level of a marker by comparing its expression to the expression of a gene that is not a marker, e.g.,
a housekeeping gene that is constitutively expressed. Suitable genes for normalization include housekeeping genes
such as the actin gene, or epithelial cell-specific genes. This normalization allows the comparison of the expression level
in one sample, e.g., a patient sample, to another sample, e.g., a non-ovarian cancer sample, or between samples from
different sources.

[0218] Alternatively, the expression level can be provided as a relative expression level. To determine a relative
expression level of a marker, the level of expression of the marker is determined for 10 or more samples of normal
versus cancer cell isolates, preferably 50 or more samples, prior to the determination of the expression level for the
sample in question. The mean expression level of each of the genes assayed in the larger number of samples is
determined and this is used as a baseline expression level for the marker. The expression level of the marker determined
for the test sample (absolute level of expression) is then divided by the mean expression value obtained for that marker.
This provides a relative expression level.

[0219] Inanotherembodimentofthe presentinvention, a polypeptide corresponding to a marker is detected. A preferred
agent for detecting a polypeptide of the invention is an antibody capable of binding to a polypeptide corresponding to a
marker of the invention, preferably an antibody with a detectable label. Antibodies can be polyclonal, or more preferably,
monoclonal. An intact antibody, or a fragment thereof (e.g., Fab or F(ab’).sub.2) can be used. The term "labeled", with
regard to the probe or antibody, is intended to encompass direct labeling of the probe or antibody by coupling (i.e.,
physically linking) a detectable substance to the probe or antibody, as well as indirect labeling of the probe or antibody
by reactivity with another reagent that is directly labeled. Examples of indirect labeling include detection of a primary
antibody using a fluorescently labeled secondary antibody and end-labeling of a DNA probe with biotin such that it can
be detected with fluorescently labeled streptavidin.

[0220] In certain instances, the presence or level of MG53 is determined using an immunoassay or an immunohisto-
chemical assay. A non-limiting example of an immunoassay suitable for use in the methods of the present description
includes an enzyme-linked immunosorbent assay (ELISA). Examples of immunohistochemical assays suitable for use
in the methods of the present description include, but are not limited to, immunofluorescence assays such as direct
fluorescent antibody assays, indirect fluorescent antibody (IFA) assays, anticomplement immunofluorescence assays,
and avidin-biotin immunofluorescence assays. Other types of immunohistochemical assays include immunoperoxidase
assays.

[0221] MG53 can be detected by enzyme-linked immunosorbent assay (ELISA). Figure 4 demonstrates a sandwich
ELISA for detection of MG53 in mouse serum. A sandwich ELISA measures the amount of the target protein between
two layers of antibodies, one coating the ELISA plate (the capture antibody) and a second antibody used to recognize
the target protein for quantitative measurements (the detection antibody). In this case, we used an anti-MG53 mouse
monoclonal antibody (mAb5259) as the capture antibody and an affinity purified rabbit polyclonal anti-MG53 antibody
as a detection antibody. An anti- rabbit IgG antibody coupled to horse-radish peroxidase was used to develop this ELISA.
This ELISA was calibrated using several concentrations of purified recombinant human MG53 protein and found to
respond in a dose-dependent fashion (Fig. 5a). When we applied mouse serum to this ELISA configuration we were
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able to detect levels of MG53 in the serum from mdx mice (Fig. 5b), illustrating that MG53 can be efficiently detected
in the serum with an ELISA approach. Importantly, we also find that the ELISA is highly specific for the detection of
MG53 as serum from the MG53 knockout mouse (mg53-/-) produces the same signal as vehicle controls (PBS) in this
assay. Thus, we have provided proof-of-concept that ELISA can be used to detect MG53 in serum in a quantitative and
specific fashion.

[0222] Any of a variety of assays, techniques, and kits known in the art can be used to determine the presence or
level of MG53 in a sample to classify whether the sample is associated with tissue injury or a muscle-related disease
or disorder.

[0223] The present invention relies, in part, on determining the presence or level of at least one marker, e.g., MG53,
in a sample obtained from an individual. As used herein, the term "determining the presence of at least one marker"
includes determining the presence of each marker of interest by using any quantitative or qualitative assay known to
one of skill in the art. In certain instances, qualitative assays that determine the presence or absence of a particular trait,
variable, or biochemical or serological substance (e.g., protein or antibody) are suitable for detecting each marker of
interest. In certain other instances, quantitative assays that determine the presence or absence of RNA, protein, antibody,
or activity are suitable for detecting each marker of interest. As used herein, the term "determining the level of at least
one marker" includes determining the level of each marker of interest by using any direct or indirect quantitative assay
known to one of skill in the art. In certain instances, quantitative assays that determine, for example, the relative or
absolute amount of RNA, protein, antibody, or activity are suitable for determining the level of each marker of interest.
One skilled in the art will appreciate that any assay useful for determining the level of a marker is also useful for determining
the presence or absence of the marker.

[0224] Flow cytometry can be used to determine the presence or level of one or more markers in a sample. Such flow
cytometric assays, including bead based immunoassays, can be used to determine, e.g., antibody marker levels in the
same manner as described for detecting serum antibodies to Candida albicans and HIV proteins (see, e.g., Bishop et
al., J. Immunol. Methods, 210:79-87 (1997); McHugh et al., J. Immunol. Methods, 116:213 (1989); Scillian et al., Blood,
73:2041 (1989)).

[0225] Phage display technology for expressing a recombinant antigen specific for a marker can also be used to
determine the presence or level of one or more markers in a sample. Phage particles expressing an antigen specific
for, e.g., an antibody marker can be anchored, if desired, to a multi-well plate using an antibody such as an anti-phage
monoclonal antibody (Felici et al., "Phage-Displayed Peptides as Tools for Characterization of Human Sera" in Abelson
(Ed.), Methods in Enzymol., 267, San Diego: Academic Press, Inc. (1996)).

[0226] A variety ofimmunoassay techniques, including competitive and non-competitive immunoassays, can be used
to determine the presence or level of one or more markers in a sample (see, e.g., Self et al, Curr. Opin. Biotechnol.,
7:60-65 (1996)). The term immunoassay encompasses techniques including, without limitation, enzyme immunoassays
(EIA) such as enzyme multiplied immunoassay technique (EMIT), enzyme-linked immunosorbent assay (ELISA), antigen
capture ELISA, sandwich ELISA, IgM antibody capture ELISA (MAC ELISA), and microparticle enzyme immunoassay
(MEIA); capillary electrophoresis immunoassays (CEIA); radioimmunoassays (RIA); immunoradiometric assays (IRMA);
fluorescence polarization immunoassays (FPIA); and chemiluminescence assays (CL). If desired, such immunoassays
can be automated. Immunoassays can also be used in conjunction with laser induced fluorescence (see, e.g., Schmalzing
et al., Electrophoresis, 18:2184-2193 (1997); Bao, J. Chromatogr. B. Biomed. Sci., 699:463-480 (1997)). Liposome
immunoassays, such as flow-injection liposome immunoassays and liposome immunosensors, are also suitable for use
in the present invention (see, e.g., Rongen et al., J. Immunol. Methods, 204:105-133 (1997)). In addition, nephelometry
assays, in which the formation of protein/antibody complexes results in increased light scatter that is converted to a peak
rate signal as a function of the marker concentration, are suitable for use in the present invention. Nephelometry assays
are commercially available from Beckman Coulter (Brea, Calif.; Kit #449430) and can be performed using a Behring
Nephelometer Analyzer (Fink et al., J. Clin. Chem. Clin. Biol. Chem., 27:261-276 (1989)).

[0227] Antigen capture ELISA can be useful for determining the presence or level of one or more markers in a sample.
For example, in an antigen capture ELISA, an antibody directed to a marker of interest is bound to a solid phase and
sample is added such that the marker is bound by the antibody. After unbound proteins are removed by washing, the
amount of bound marker can be quantitated using, e.g., a radioimmunoassay (see, e.g., Harlow and Lane, Antibodies:
A Laboratory Manual, Cold Spring Harbor Laboratory, New York, 1988)). Sandwich ELISA can also be suitable for use
in the present invention. For example, in a two-antibody sandwich assay, a first antibody is bound to a solid support,
and the marker of interest is allowed to bind to the first antibody. The amount of the marker is quantitated by measuring
the amount of a second antibody that binds the marker. The antibodies can be immobilized onto a variety of solid
supports, such as magnetic or chromatographic matrix particles, the surface of an assay plate (e.g., microtiter wells),
pieces of a solid substrate material ormembrane (e.g., plastic, nylon, paper), and the like. An assay strip can be prepared
by coating the antibody or a plurality of antibodies in an array on a solid support. This strip can then be dipped into the
test sample and processed quickly through washes and detection steps to generate a measurable signal, such as a
colored spot.
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[0228] A radicimmunoassay using, for example, an iodine-125 (1251) labeled secondary antibody (Harlow and Lane,
supra) is also suitable for determining the presence or level of one or more markers in a sample. A secondary antibody
labeled with a chemiluminescent marker can also be suitable for use in the present invention. A chemiluminescence
assay using a chemiluminescent secondary antibody is suitable for sensitive, non-radioactive detection of marker levels.
Such secondary antibodies can be obtained commercially from various sources, e.g., Amersham Lifesciences, Inc.
(Arlington Heights, lIl.).

[0229] The immunoassays described above are particularly useful for determining the presence or level of one or
more markers in a sample. An ELISA using MG53 protein or a fragment thereof is useful for determining whether a
sample is positive for anti-MG53 antibodies, or for determining anti-MG53 antibody levels in a sample. An ELISA using
flagellin protein or a fragment thereof is useful for determining whether a sample is positive for anti-flagellin antibodies,
orfor determining anti-flagellin antibody levels ina sample. In addition, the immunoassays described above are particularly
useful for determining the presence or level of other markers in a sample.

[0230] Specific immunological binding of the antibody to the marker of interest can be detected directly or indirectly.
Direct labels include fluorescent or luminescent tags, metals, dyes, radionuclides, and the like, attached to the antibody.
An antibody labeled with iodine-125 (1231) can be used for determining the levels of one or more markers in a sample.
A chemiluminescence assay using a chemiluminescent antibody specific for the marker is suitable for sensitive, non-
radioactive detection of marker levels. An antibody labeled with fluorochrome is also suitable for determining the levels
of one or more markers in a sample. Examples of fluorochromes include, without limitation, DAPI, fluorescein, Hoechst
33258, R-phycocyanin, B-phycoerythrin, R-phycoerythrin, rhodamine, Texas red, and lissamine. Secondary antibodies
linked to fluorochromes can be obtained commercially, e.g., goat F(ab’), anti-human IgG-FITC is available from Tago
Immunologicals (Burlingame, Calif.).

[0231] Indirect labels include various enzymes well-known in the art, such as horseradish peroxidase (HRP), alkaline
phosphatase (AP), - -galactosidase, urease, and the like. A horseradish-peroxidase detection system can be used, for
example, with the chromogenic substrate tetramethylbenzidine (TMB), which yields a soluble product in the presence
of hydrogen peroxide that is detectable at 450 nm. An alkaline phosphatase detection system can be used with the
chromogenic substrate p-nitrophenyl phosphate, for example, which yields a soluble product readily detectable at 405
nm. Similarly, a - -galactosidase detection system can be used with the chromogenic substrate o-nitrophenyl-.beta.-D-
galactopyranoside (ONPG), which yields a soluble product detectable at 410 nm. An urease detection system can be
used with a substrate such as urea-bromocresol purple (Sigma Immunochemicals; St. Louis, Mo.). A useful secondary
antibody linked to an enzyme can be obtained from a number of commercial sources, e.g., goat F(ab’).sub.2 anti-human
IgG-alkaline phosphatase can be purchased from Jackson ImmunoResearch (West Grove, Pa.).

[0232] A signal from the direct or indirect label can be analyzed, for example, using a spectrophotometer to detect
color from a chromogenic substrate; a radiation counter to detect radiation such as a gamma counter for detection of
125l; or a fluorometer to detect fluorescence in the presence of light of a certain wavelength. For detection of enzyme-
linked antibodies, a quantitative analysis of the amount of marker levels can be made using a spectrophotometer such
as an EMAX Microplate Reader (Molecular Devices; Menlo Park, Calif.) in accordance with the manufacturer’s instruc-
tions. If desired, the assays of the present invention can be automated or performed robotically, and the signal from
multiple samples can be detected simultaneously.

[0233] Quantitative western blotting can also be used to detect or determine the presence or level of one or more
markers in a sample. Western blots can be quantitated by well-known methods such as scanning densitometry or
phosphorimaging. As a non-limiting example, protein samples are electrophoresed on 10% SDS-PAGE Laemmli gels.
Primary murine monoclonal antibodies are reacted with the blot, and antibody binding can be confirmed to be linear
using a preliminary slot blot experiment. Goat anti-mouse horseradish peroxidase-coupled antibodies (BioRad) are used
as the secondary antibody, and signal detection performed using chemiluminescence, for example, with the Renaissance
chemiluminescence kit (New England Nuclear; Boston, Mass.) according to the manufacturer’s instructions. Autoradi-
ographs of the blots are analyzed using a scanning densitometer (Molecular Dynamics; Sunnyvale, Calif.) and normalized
to a positive control. Values are reported, for example, as a ratio between the actual value to the positive control
(densitometric index). Such methods are well known in the art as described, for example, in Parra et al, J. Vasc. Surg.,
28:669-675 (1998).

[0234] Alternatively, a variety of immunohistochemical assay techniques can be used to determine the presence or
level of one or more markers in a sample. The term immunohistochemical assay encompasses techniques that utilize
the visual detection of fluorescent dyes or enzymes coupled (i.e., conjugated) to antibodies that react with the marker
of interest using fluorescent microscopy or light microscopy and includes, without limitation, direct fluorescent antibody
assay, indirect fluorescent antibody (IFA) assay, anticomplement immunofluorescence, avidin-biotin immunofluores-
cence, and immunoperoxidase assays. An IFA assay, for example, is useful for determining whether a sample is positive
forMG53. The concentration of MG53 in a sample can be quantitated, e.g., through endpoint titration or through measuring
the visual intensity of fluorescence compared to a known reference standard.

[0235] Alternatively, the presence or level of a marker of interest can be determined by detecting or quantifying the
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amount of the purified marker. Purification of the marker can be achieved, for example, by high pressure liquid chroma-
tography (HPLC), alone or in combination with mass spectrometry (e.g., MALDI/MS, MALDI-TOF/MS, tandem MS, etc.).
Qualitative or quantitative detection of a marker of interest can also be determined by well-known methods including,
without limitation, Bradford assays, Coomassie blue staining, silver staining, assays for radiolabeled protein, and mass
spectrometry.

[0236] The analysis of a plurality of markers may be carried out separately or simultaneously with one test sample.
For separate or sequential assay of markers, suitable apparatuses include clinical laboratory analyzers such as the
ElecSys (Roche), the AxSym (Abbott), the Access (Beckman), the ADVIA®, the CENTAUR® (Bayer), and the NICHOLS
ADVANTAGE® (Nichols Institute) immunoassay systems. Preferred apparatuses or protein chips perform simultaneous
assays of a plurality of markers on a single surface. Particularly useful physical formats comprise surfaces having a
plurality of discrete, addressable locations for the detection of a plurality of different markers. Such formats include
protein microarrays, or "protein chips" (see, e.g., Ng et al., J. Cell Mol. Med., 6:329-340 (2002)) and certain capillary
devices (see, e.g., U.S. Pat. No. 6,019,944). In these embodiments, each discrete surface location may comprise
antibodies to immobilize one or more markers for detection at each location. Surfaces may alternatively comprise one
or more discrete particles (e.g., microparticles or nanoparticles) immobilized at discrete locations of a surface, where
the microparticles comprise antibodies to immobilize one or more markers for detection.

[0237] In addition to the above-described assays for determining the presence or level of various markers of interest,
analysis of marker mRNA levels using routine techniques such as Northern analysis, reverse-transcriptase polymerase
chain reaction (RT-PCR), or any other methods based on hybridization to a nucleic acid sequence that is complementary
to a portion of the marker coding sequence (e.g., slot blot hybridization) are also within the scope of the present invention.
Applicable PCR amplification techniques are described in, e.g., Ausubel et al., Current Protocols in Molecular Biology,
John Wiley & Sons, Inc. New York (1999), Chapter 7 and Supplement 47; Theophilus et al., "PCR Mutation Detection
Protocols," Humana Press, (2002); and Innis et al., PCR Protocols, San Diego, Academic Press, Inc. (1990). General
nucleic acid hybridization methods are described in Anderson, "Nucleic Acid Hybridization," BIOS Scientific Publishers,
1999. Amplification or hybridization of a plurality of transcribed nucleic acid sequences (e.g., mRNA or cDNA) can also
be performed from mRNA or cDNA sequences arranged in a microarray. Microarray methods are generally described
in Hardiman, "Microarrays Methods and Applications: Nuts & Bolts," DNA Press, 2003; and Baldi et al., "DNA Microarrays
and Gene Expression: From Experiments to Data Analysis and Modeling," Cambridge University Press, 2002.

[0238] Analysis of the genotype of a marker such as a genetic marker can be performed using techniques known in
the art including, without limitation, polymerase chain reaction (PCR)-based analysis, sequence analysis, and electro-
phoretic analysis. A non-limiting example of a PCR-based analysis includes a Tagman®. allelic discrimination assay
available from Applied Biosystems. Non-limiting examples of sequence analysis include Maxam-Gilbert sequencing,
Sanger sequencing, capillary array DNA sequencing, thermal cycle sequencing (Sears et al., Biotechniques, 13:626-633
(1992)), solid-phase sequencing (Zimmerman et al., Methods Mol. Cell. Biol., 3:39-42 (1992)), sequencing with mass
spectrometry such as matrix-assisted laser desorption/ionization time-of-flight mass spectrometry (MALDI-TOF/MS; Fu
et al., Nature Biotech., 16:381-384 (1998)), and sequencing by hybridization (Chee et al., Science, 274:610-614 (1996);
Drmanacetal., Science, 260:1649-1652 (1993); Drmanac etal., Nature Biotech., 16:54-58 (1998)). Non-limiting examples
of electrophoretic analysis include slab gel electrophoresis such as agarose or polyacrylamide gel electrophoresis,
capillary electrophoresis, and denaturing gradient gel electrophoresis. Other methods for genotyping an individual at a
polymorphic site in a marker include, e.g., the INVADER® assay from Third Wave Technologies, Inc., restriction fragment
length polymorphism (RFLP) analysis, allele-specific oligonucleotide hybridization, a heteroduplex mobility assay, and
single strand conformational polymorphism (SSCP) analysis.

[0239] Several markers of interest may be combined into one test for efficient processing of a multiple of samples. In
addition, one skilled in the art would recognize the value of testing multiple samples (e.g., at successive time points,
etc.) from the same subject. Such testing of serial samples can allow the identification of changes in marker levels over
time. Increases or decreases in marker levels, as well as the absence of change in marker levels, can also provide
useful information to classify or to differentiate between clinical disorders.

[0240] A panel consisting of one or more of the markers described above may be constructed to provide relevant
information related to the approach of the present invention for classifying a sample as being associated with a disease
or disorder, e.g., tissue injury or muscle-related disease or disorder, e.g., muscular dystrophy, or a clinical subtype
thereof. Such a panel may be constructed using 1, 2, 3, 4,5, 6,7, 8,9, 10, 11, 12, 13, 14, 15,16, 17, 18, 19, 20, 25, 30,
35, 40, or more individual markers. The analysis of a single marker or subsets of markers can also be carried out by
one skilled in the art in various clinical settings. These include, but are not limited to, ambulatory, urgent care, critical
care, intensive care, monitoring unit, inpatient, outpatient, physician office, medical clinic, and health screening settings.
[0241] The analysis of markers could be carried out in a variety of physical formats as well. For example, the use of
microtiter plates or automation could be used to facilitate the processing of large numbers of test samples. Alternatively,
single sample formats could be developed to facilitate treatment and diagnosis in a timely fashion.

[0242] One skilled in the art will know many other suitable carriers for binding antibody or antigen, and will be able to
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adapt such support for use with the present invention. For example, protein isolated from ovarian cells can be run on a
polyacrylamide gel electrophoresis and immobilized onto a solid phase support such as nitrocellulose. The support can
then be washed with suitable buffers followed by treatment with the detectably labeled antibody. The solid phase support
can then be washed with the buffer a second time to remove unbound antibody. The amount of bound label on the solid
support can then be detected by conventional means.

[0243] The invention also encompasses kits for detecting the presence of a polypeptide or nucleic acid corresponding
to a marker of the invention in a biological sample (e.g. an ovary-associated body fluid such as a urine sample). Such
kits can be used to determine if a subject is suffering from or is at increased risk of developing ovarian cancer. For
example, the kit can comprise a labeled compound or agent capable of detecting a polypeptide or an mRNA encoding
a polypeptide corresponding to a marker of the invention in a biological sample and means for determining the amount
of the polypeptide or mRNA in the sample (e.g., an antibody which binds the polypeptide or an oligonucleotide probe
which binds to DNA or mRNA encoding the polypeptide). Kits can also include instructions for interpreting the results
obtained using the Kkit.

[0244] For antibody-based kits, the kit can comprise, for example: (1) a first antibody (e.g., attached to a solid support)
which binds to a polypeptide corresponding to a marker of the invention; and, optionally, (2) a second, different antibody
which binds to either the polypeptide or the first antibody and is conjugated to a detectable label.

[0245] For oligonucleotide-based kits, the kit can comprise, for example: (1) an oligonucleotide, e.g., a detectably
labeled oligonucleotide, which hybridizes to a nucleic acid sequence encoding a polypeptide corresponding to a marker
of the invention or (2) a pair of primers useful for amplifying a nucleic acid molecule corresponding to a marker of the
invention. The kit can also comprise, e.g., a buffering agent, a preservative, or a protein stabilizing agent. The kit can
further comprise components necessary for detecting the detectable label (e.g., an enzyme or a substrate). The kit can
also contain a control sample or a series of control samples which can be assayed and compared to the test sample.
Each component of the kit can be enclosed within an individual container and all of the various containers can be within
a single package, along with instructions for interpreting the results of the assays performed using the kit.

Electronic Apparatus Readable Media and Arrays

[0246] Electronic apparatus readable media comprising a marker of the present invention is also provided. As used
herein, "electronic apparatus readable media" refers to any suitable medium for storing, holding or containing data or
information that can be read and accessed directly by an electronic apparatus. Such media can include, but are not
limited to: magnetic storage media, such as floppy discs, hard disc storage medium, and magnetic tape; optical storage
media such as compact disc; electronic storage media such as RAM, ROM, EPROM, EEPROM and the like; general
hard disks and hybrids of these categories such as magnetic/optical storage media. The medium is adapted or configured
for having recorded thereon a marker of the present invention.

[0247] As used herein, the term "electronic apparatus" is intended to include any suitable computing or processing
apparatus or other device configured or adapted for storing data or information. Examples of electronic apparatus suitable
for use with the present invention include stand-alone computing apparatus; networks, including a local area network
(LAN), a wide area network (WAN) Internet, Intranet, and Extranet; electronic appliances such as a personal digital
assistants (PDAs), cellular phone, pager and the like; and local and distributed processing systems.

[0248] As used herein, "recorded" refers to a process for storing or encoding information on the electronic apparatus
readable medium. Those skilled in the art can readily adopt any of the presently known methods for recording information
on known media to generate manufactures comprising the markers of the present invention.

[0249] A variety of software programs and formats can be used to store the marker information of the present invention
on the electronic apparatus readable medium. For example, the nucleic acid sequence corresponding to the markers
can be represented in a word processing text file, formatted in commercially-available software such as WordPerfect
and MicroSoft Word, or represented in the form of an ASCI| file, stored in a database application, such as DB2, Sybase,
Oracle, or the like, as well as in other forms. Any number of dataprocessor structuring formats (e.g., text file or database)
may be employed in order to obtain or create a medium having recorded thereon the markers of the present invention.
[0250] By providing the markers of the invention in readable form, one can routinely access the marker sequence
information for a variety of purposes. For example, one skilled in the art can use the nucleotide or amino acid sequences
of the present invention in readable form to compare a target sequence or target structural motif with the sequence
information stored within the data storage means. Search means are used to identify fragments or regions of the se-
quences of the invention which match a particular target sequence or target motif.

[0251] The invention also includes an array comprising a marker of the present invention. The array can be used to
assay expression of one or more genes in the array. In one embodiment, the array can be used to assay gene expression
in a tissue to ascertain tissue specificity of genes in the array. In this manner, up to about 36,000 genes can be simul-
taneously assayed for expression. This allows a profile to be developed showing a battery of genes specifically expressed
in one or more tissues.

34



10

15

20

25

30

35

40

45

50

55

EP 2 635 908 B1

[0252] In addition to such qualitative determination, the invention allows the quantitation of gene expression. Thus,
not only tissue specificity, but also the level of expression of a battery of genes in the tissue is ascertainable. Thus,
genes can be grouped on the basis of their tissue expression per se and level of expression in that tissue. This is useful,
for example, in ascertaining the relationship of gene expression between or among tissues. Thus, one tissue can be
perturbed and the effect on gene expression in a second tissue can be determined. In this context, the effect of one cell
type on another cell type in response to a biological stimulus can be determined. Such a determination is useful, for
example, to know the effect of cell-cellinteraction at the level of gene expression. If an agentis administered therapeutically
to treat one cell type but has an undesirable effect on another cell type, the invention provides an assay to determine
the molecular basis of the undesirable effect and thus provides the opportunity to co-administer a counteracting agent
or otherwise treat the undesired effect. Similarly, even within a single cell type, undesirable biological effects can be
determined at the molecular level. Thus, the effects of an agent on expression of other than the target gene can be
ascertained and counteracted.

[0253] In another embodiment, the array can be used to monitor the time course of expression of one or more genes
in the array.

[0254] The array is also useful for ascertaining the effect of the expression of a gene on the expression of other genes
inthe same cell or in different cells. This provides, for example, for a selection of alternate molecular targets for therapeutic
intervention if the ultimate or downstream target cannot be regulated.

[0255] The array is also useful for ascertaining differential expression patterns of one or more genes in normal and
abnormal cells. This provides a battery of genes that could serve as a molecular target for diagnosis or therapeutic
intervention.

[0256] In any of the methods as described herein, the step of determining or assaying for the presence and/or amount
of MG53 may include the computer-implemented detection and/or quantification of a signal generated by the binding or
interaction of an agent or probe, e.g., labeled antibody, with the target, e.g., MG53, in the sample. For example, in certain
embodiments, the computer-implemented system comprises a microscope, and a computer display in communication
with a computer processor. In certain embodiments, the processor is adapted to execute a process or program that
measures the amount or intensity of a probe signal from one or more test samples, and quantifies it and/or compares it
with one or more reference samples. In certain embodiments, the computer-implemented system is automated such
that one or more samples can be processed, analyzed, and the results displayed automatically to facilitate a diagnosis
by the user.

Statistical Algorithms

[0257] In some aspects, the present invention provides methods, and systems for classifying whether a sample is
associated with a disease or disorder related to alterations in blood or serum levels of MG53 using a statistical algorithm
or process to classify the sample as a disease sample or non-disease sample. Preferably, the statistical algorithms or
processes independently comprise one or more learning statistical classifier systems. As described herein, a combination
of learning statistical classifier systems advantageously provides improved sensitivity, specificity, negative predictive
value, positive predictive value, and/or overall accuracy for classifying whether a sample is associated with a disease
or disorder.

[0258] The term "statistical algorithm" or "statistical process" includes any of a variety of statistical analyses used to
determine relationships between variables. In the present invention, the variables are the presence or level of at least
one marker of interest. Any number of markers can be analyzed using a statistical algorithm described herein. For
example, the presence or levels of 1, 2, 3,4, 5,6, 7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 25, 30, 35, 40, 45,
50, or more markers can be included in a statistical algorithm. In one embodiment, logistic regression is used. In another
embodiment, linear regression is used. In certain instances, the statistical algorithms of the present invention can use
a quantile measurement of a particular marker within a given population as a variable. Quantiles are a set of "cut points"
that divide a sample of data into groups containing (as far as possible) equal numbers of observations. For example,
quartiles are values that divide a sample of data into four groups containing (as far as possible) equal numbers of
observations. The lower quartile is the data value a quarter way up through the ordered data set; the upper quartile is
the data value a quarter way down through the ordered data set. Quintiles are values that divide a sample of data into
five groups containing (as far as possible) equal numbers of observations. The present invention can also include the
use of percentile ranges of marker levels (e.g., tertiles, quartile, quintiles, etc.), or their cumulative indices (e.g., quartile
sums of marker levels, etc.) as variables in the algorithms (just as with continuous variables).

[0259] Preferably, the statistical algorithms of the present invention comprise one or more learning statistical classifier
systems. As used herein, the term "learning statistical classifier system" includes a machine learning algorithmic technique
capable of adapting to complex data sets (e.g., panel of markers of interest) and making decisions based upon such
data sets. In some embodiments, a single learning statistical classifier system such as a classification tree (e.g., random
forest) is used. In other embodiments, a combination of 2, 3, 4, 5, 6, 7, 8, 9, 10, or more learning statistical classifier
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systems are used, preferably in tandem. Examples of learning statistical classifier systems include, but are not limited
to, those using inductive learning (e.g., decision/classification trees such as random forests, classification and regression
trees (C&RT), boosted trees, etc.), Probably Approximately Correct (PAC) learning, connectionist learning (e.g., neural
networks (NN), artificial neural networks (ANN), neuro fuzzy networks (NFN), network structures, perceptrons such as
multi-layer perceptrons, multi-layer feed-forward networks, applications of neural networks, Bayesian learning in belief
networks, etc.), reinforcement learning (e.g., passive learning in a known environment such as naive learning, adaptive
dynamic learning, and temporal difference learning, passive learning in an unknown environment, active learning in an
unknown environment, learning action-value functions, applications of reinforcement learning, etc.), and genetic algo-
rithms and evolutionary programming. Other learning statistical classifier systems include support vector machines (e.g.,
Kernel methods), multivariate adaptive regression splines (MARS), Levenberg-Marquardt algorithms, Gauss-Newton
algorithms, mixtures of Gaussians, gradient descent algorithms, and learning vector quantization (LVQ).

[0260] Random forests are learning statistical classifier systems that are constructed using an algorithm developed
by Leo Breiman and Adele Cutler. Random forests use a large number of individual decision trees and decide the class
by choosing the mode (i.e., most frequently occurring) of the classes as determined by the individual trees. Random
forest analysis can be performed, e.g., using the RandomForests software available from Salford Systems (San Diego,
Calif.). See, e.g., Breiman, Machine Learning, 45:5-32 (2001); and http://stat-www.berkeley.edu/users/breiman/Ran-
domForests/cc_home.htm, for a description of random forests.

[0261] Classification and regression trees represent a computer intensive alternative to fitting classical regression
models and are typically used to determine the best possible model for a categorical or continuous response of interest
based upon one or more predictors. Classification and regression tree analysis can be performed, e.g., using the C&RT
software available from Salford Systems or the Statistica data analysis software available from StatSoft, Inc. (Tulsa,
Okla.). A description of classification and regression trees is found, e.g., in Breiman et al. "Classification and Regression
Trees," Chapman and Hall, New York (1984); and Steinberg et al., "CART: Tree-Structured Non-Parametric Data Anal-
ysis," Salford Systems, San Diego, (1995).

[0262] Neural networks are interconnected groups of artificial neurons that use a mathematical or computational model
for information processing based on a connectionist approach to computation. Typically, neural networks are adaptive
systems that change their structure based on external or internal information that flows through the network. Specific
examples of neural networks include feed-forward neural networks such as perceptrons, single-layer perceptrons, multi-
layer perceptrons, backpropagation networks, ADALINE networks, MADALINE networks, Learnmatrix networks, radial
basis function (RBF) networks, and self-organizing maps or Kohonen self-organizing networks; recurrent neural networks
such as simple recurrent networks and Hopfield networks; stochastic neural networks such as Boltzmann machines;
modular neural networks such as committee of machines and associative neural networks; and other types of networks
such as instantaneously trained neural networks, spiking neural networks, dynamic neural networks, and cascading
neural networks. Neural network analysis can be performed, e.g., using the Statistica data analysis software available
from StatSoft, Inc. See, e.g., Freeman et al., In "Neural Networks: Algorithms, Applications and Programming Tech-
niques," Addison-Wesley Publishing Company (1991); Zadeh, Information and Control, 8:338-353 (1965); Zadeh, "IEEE
Trans. on Systems, Man and Cybernetics," 3:28-44 (1973); Gersho et al., In "Vector Quantization and Signal Compres-
sion," Kluywer Academic Publishers, Boston, Dordrecht, London (1992); and Hassoun, "Fundamentals of Artificial Neural
Networks," MIT Press, Cambridge, Mass., London (1995), for a description of neural networks.

[0263] Support vector machines are a set of related supervised learning techniques used for classification and regres-
sion and are described, e.g., in Cristianini et al., "An Introduction to Support Vector Machines and Other Kernel-Based
Learning Methods," Cambridge University Press (2000). Support vector machine analysis can be performed, e.g., using
the SVM.sup.light software developed by Thorsten Joachims (Cornell University) or using the LIBSVM software devel-
oped by Chih-Chung Chang and Chih-Jen Lin (National Taiwan University).

[0264] The learning statistical classifier systems described herein can be trained and tested using a cohort of samples
(e.g., serological samples) from healthy individuals and patients suffering from a disease or disorder, e.g., tissue injury
or muscle-related disease or disorder. For example, samples from patients diagnosed by a physician, as having muscular
dystrophy are suitable for use in training and testing the learning statistical classifier systems of the present invention.
Samples from healthy individuals can include those that were not identified as muscular dystrophy samples. One skilled
in the art will know of additional techniques and diagnostic criteria for obtaining a cohort of patient samples that can be
used in training and testing the learning statistical classifier systems of the present invention.

[0265] As used herein, the term "sensitivity" refers to the probability that a diagnostic method, system, or code of the
presentinvention gives a positive result when the sample is positive, e.g., having a muscle-related disorder, e.g., muscular
dystrophy. Sensitivity is calculated as the number of true positive results divided by the sum of the true positives and
false negatives. Sensitivity essentially is a measure of how well a method, system, or code of the present invention
correctly identifies those with a muscle-related disorder, e.g., muscular dystrophy, from those without the disease. The
statistical algorithms can be selected such that the sensitivity of classifying a muscle-related disorder, e.g., muscular
dystrophy, is at least about 60%, and can be, for example, at least about 65%, 70%, 75%, 76%, 77%, 78%, 79%, 80%,

36



10

15

20

25

30

35

40

45

50

55

EP 2 635 908 B1

81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99%. In
preferred embodiments, the sensitivity of classifying a muscle-related disorder, e.g., muscular dystrophy, is at least
about 90% when a combination of learning statistical classifier systems is used.

[0266] The term "specificity" refers to the probability that a diagnostic method, system, or code of the present invention
gives a negative result when the sample is not positive, e.g., not having a muscle-related disorder, e.g., muscular
dystrophy. Specificity is calculated as the number of true negative results divided by the sum of the true negatives and
false positives. Specificity essentially is a measure of how well a method, system, or code of the present invention
excludes those who do not have a muscle-related disorder, e.g., muscular dystrophy, from those who have the disease.
The statistical algorithms can be selected such that the specificity of classifying a muscle-related disorder, e.g., muscular
dystrophy, is at least about 70%, for example, at least about 75%, 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, or 99%. In preferred embodiments, the specificity of classifying a muscle-related
disorder, e.g., muscular dystrophy, is at least about 90% when a combination of learning statistical classifier systems is
used.

[0267] As used herein, the term "negative predictive value" or "NPV" refers to the probability that an individual identified
as not having a muscle-related disorder, e.g., muscular dystrophy, actually does not have the disease. Negative predictive
value can be calculated as the number of true negatives divided by the sum of the true negatives and false negatives.
Negative predictive value is determined by the characteristics of the diagnostic method, system, or code as well as the
prevalence of the disease in the population analyzed. The statistical algorithms can be selected such that the negative
predictive value in a population having a disease prevalence is in the range of about 70% to about 99% and can be, for
example, at least about 70%, 75%, 76%, 77%, 78%, 79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%,
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99%. In preferred embodiments, the negative predictive value of
classifying a muscle-related disorder, e.g., muscular dystrophy, is at least about 78% when a combination of learning
statistical classifier systems is used.

[0268] The term "positive predictive value" or "PPV" refers to the probability that an individual identified as having a
muscle-related disorder, e.g., muscular dystrophy, actually has the disease. Positive predictive value can be calculated
as the number of true positives divided by the sum of the true positives and false positives. Positive predictive value is
determined by the characteristics of the diagnostic method, system, or code as well as the prevalence of the disease in
the population analyzed. The statistical algorithms can be selected such that the positive predictive value in a population
having a disease prevalence is in the range of about 80% to about 99% and can be, for example, at least about 80%,
85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99%. In preferred embodiments,
the positive predictive value of classifying a muscle-related disorder, e.g., muscular dystrophy, is at least about 86%
when a combination of learning statistical classifier systems is used.

[0269] Predictive values, including negative and positive predictive values, are influenced by the prevalence of the
disease in the population analyzed. In the methods, systems, and code of the present invention, the statistical algorithms
can be selected to produce a desired clinical parameter for a clinical population with a particular prevalence. For example,
learning statistical classifier systems can be selected for aamuscle-related disorder, e.g., muscular dystrophy, prevalence
of up to about 1%, 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%,
65%, or 70%, which can be seen, e.g., in aclinician’s office such as a gastroenterologist’s office or a general practitioner’s
office.

[0270] As used herein, the term "overall agreement" or "overall accuracy" refers to the accuracy with which a method,
system, or code of the present invention classifies a disease state. Overall accuracy is calculated as the sum of the true
positives and true negatives divided by the total number of sample results and is affected by the prevalence of the
disease in the population analyzed. For example, the statistical algorithms can be selected such that the overall accuracy
in a patient population having a disease prevalence is at least about 60%, and can be, for example, at least about 65%,
70%, 75%, 76%, 77%, 78%, 79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, or 99%. In preferred embodiments, the overall accuracy of classifying a muscle-related
disorder, e.g., muscular dystrophy, is at least about 90% (e.g., 92%) when a combination of learning statistical classifier
systems is used.

[0271] Those skilled in the art will recognize, or be able to ascertain using no more than routine experimentation, many
equivalents to the specific embodiments of the invention described herein. Such equivalents are intended to be encom-
passed by the following claims.

[0272] It is understood that the detailed examples and embodiments described herein are given by way of example
for illustrative purposes only, and are in no way considered to be limiting to the invention. Various modifications or
changes in light thereof will be suggested to 83 persons skilled in the art and are included within the spirit and purview
of this application and are considered within the scope of the appended claims. For example, the relative quantities of
the ingredients may be varied to optimize the desired effects, additional ingredients may be added, and/or similar
ingredients may be substituted for one or more of the ingredients described. Additional advantageous features and
functionalities associated with the systems, methods, and processes of the present invention will be apparent from the
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appended claims. Moreover, those skilled in the art will recognize, or be able to ascertain using no more than routine
experimentation, many equivalents to the specific embodiments of the invention described herein. Such equivalents are
intended to be encompassed by the following claims.
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Leu
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Gln

Gln

Gly
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Leu
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Gln
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285

Pro

Leu
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Glu

Leu
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Leu
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Arg

Met

Leu

Glu
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Arg
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385
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<212> PRT

Glu
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Gly
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Gly

370

Arg

Ala

Ser
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Pro

Leu
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Pro

355
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Pro
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Thr

Gly

Asp

Leu

340

Arg

Leu

Gly

Arg

Gly

420

val

Phe

Leu

Phe

Arg

Pro

325

Ser

Trp
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Lys
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405
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Asp
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310

Arg

Glu

Ala
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Pro

Gly

Leu

Asp

val
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Pro
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val

Gln

Gly

Leu

val

375

Leu

Glu

val

Phe

val

455

Gly

Ser

Glu

Phe

Glu

Gly

360

Pro

"Glu

Arg

Leu

Ala

440

Cys

Pro
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Ser

Cys

Asp

His

345

Val

Ser

Ala

Ser

425

Phe

Trp

Glu

Ala

Ser

Lys

330

Tyr

Ile

Gln

His

Pro

410

Phe

His

His

Gly

His

Glu

315

Ala

Trp

Ala

Gly

val

395

Thr

Tyr

Glu

Asp

Ala
475

Pro

300

Gln

val

Glu

Ala

Leu

380

Glu

Arg

Asp

Arg

Lys

460

Glu

Ser

Lys

Ala

vVal

Glu

365

Trp

Ala

Ile

Ala

Leu

445

Gly

Ala

Leu
Ala
val
Asp
350
Ala
Leu
Lys
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Ser
430

Pro

Lys

Val

Pro

Val

335

val

Pro
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Glu
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Arg

Gly
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Tyr

Ala

Pro
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Cys

Phe

Gly

Leu

65

Va‘l

Cys

Ser

Leu

Met

145

Val

Gly

Glu

Leu

val

225

Tyr

Pro

Leu

Cys

Thr

50

Ser

Pro

Glu

His

Lys

130

Arg

Glu

Lys

Ala

Gly

210

Leu

Cys

Pro

Gln

Arg

35

val

Thr

Gln

Gln

Arg

115

Thr

Lys

Glu

Met

Glu

195

Ser

Glu

Leu

Ala

Leu

20

Ala

Leu

Asn

Gly

Asp

100

Gly

Gln

Glu

Thr

Arg

180

Arg

Leu

Glu

val

Arg
260

Phe

Cys

Cys

Leu

His

85

Arg

His

Leu

Lys

vVal

165

vVal

vVal

Asn

val

Thr

245

Leu

Asp

Leu

Pro

Gln

70

Cys

Ala

Arg

Pro

Ser

150

Arg

Phe

Arg

Ser

Ala

230

Ser

Asp
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Ala

Gly

Cys

55

Leu

Glu

Leu

Leu

Gln

135

val

Gln

Leu

Gly

Tyr

215

Asp

Arg

Ile

Pro

Arg

40

Cys

Ala

Glu

vVal

Leu

120

Gln

Ala

Phe

Ala

Glu

200

Leu

Lys

Leu

Gln

54

Val

25

val

Gln

Arg

His

Cys

105

Pro

Lys

val

Arg

Ala

185

Ala

Glu

Pro

Gln

Leu
265

Thr

Ala

Ala

Leu

Leu

Gly

Ala

Leu

Leu

Gly

170

Leu

Gly

Gln

Gln

Lys

250

Pro

Ala

Gly

Pro

val

75

Asp

vVal

Ala

Gln

Glu

155

Ala

Glu

Val

Leu

Thr

235

Ile

Ile

Glu

Glu

Thr

60

Glu

Pro

Cys

Glu

Leu

140
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Vval

Gly

Ala

Arg

220
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Leu

Ile
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Gly

Leu
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Gln

Gln

Gly

Ser

Leu
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Gln
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Glu

Leu
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Leu
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Met

Leu
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Gln
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175
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Glu
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Glu
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Arg

Leu
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Arg
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465
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Phe

Glu
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Gly

Gln

Lys

Gly

370

Arg
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Tyr

450

Pro

<213> Bos sp.

<220>
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Leu
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Glu
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Pro

355

Arg

Glu
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Leu

435

Pro
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Leu

Gly

Arg

Gly

420

val

Phe

Leu

Trp

Phe

Arg

Pro

325

Ser

Trp
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Asp

Arg

310

Arg
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470

EP 2 635 908 B1

Lys Met Phe Arg
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Gly
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Phe
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Gly

360
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Glu
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Ser

55

Ser

Cys
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345

val
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Ala

Ser
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Trp
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Tyr
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His
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Ala

Trp
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Leu
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Glu

Ala

Leu

380

Glu

Arg
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Lys

460

Glu

Met
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Lys

Ala

Val
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365

Trp

Ala

Ile
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Leu
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Gly

Ala
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Leu
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Glu

350

Gly

Leu

Lys
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430
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Lys
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Val

Pro
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Val
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Leu
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Gly
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Ser
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Cys
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Glu

His

Lys

130

Glu

Lys

Ala

Gly

210

Leu

Ala

Gln

Arg
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Thr

Gln

Gln

Arg

115

Thr

Lys

Glu

Met

Glu

195

Ser

Glu

Ala

Leu
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Ala

Leu
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Gly
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100

Gly

Gln

Glu

Thr

Arg

180

Arg
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His

85

Arg
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Lys

Val
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Leu
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150

Arg
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Leu

Glu

Leu

Leu
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Vval
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Leu

Gly

Tyr
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Asp
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Arg
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Glu
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Leu
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Gln

Ala
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Leu

Lys

Val
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Val

Gln

Arg

His

Cys

105

Pro

Lys

Leu

Arg

Ala

185

Ala

Glu

Pro
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Gln

10

Thr

Ala

Ala

Leu

Leu

90

Gly

Ala

Met

Leu

Gly

170

Leu

Gly

Gln

Gln

Glu

Ala

Gly

Pro
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75

Asp

val

Ala

Gln

Glu

155

Ala

Glu

Val

Leu

Thr
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Leu

Glu

Glu
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Glu
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Cys
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Leu
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Gly
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Arg
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Glu

Ser
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Arg

Gly
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Gln
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Leu
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Gln
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Leu
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Leu
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Leu
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Arg
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Tyr

Pro

Lys
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Trp
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Trp
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Val

335

val

Gly

Leu

Glu
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<213> Rattus sp.
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<221> MISC_FEATURE
<222> (1)..(477)
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Met

145

Val

Gly

Glu

Ser

Leu

Cys

Thr

50

Ser

Pro

Glu

His

Lys

130

Arg

Glu
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Met

280

Ser

Glu

Phe

Glu
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Trp
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<221> MISC_FEATURE
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Gln

Thr
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Lys

Asp

Lys

370

Cys

Arg

Ser

Asn

Glu

195

Arg

Val

Tyr

Pro

Lys

275

Glu

Ser

Ser

Gln

Lys

355

Gly

Lys

Val

Phe

Ala

180

Ala

Lys

Leu

Cys

Pro

260

Phe

Asn

Ser

Asp

Ser

340

Pro

Lys

Glu

Leu

Ser
420

Met

Asp

Thr

Lys

val

245

Gly

Gln

Met

Glu

Glu

325

Phe

Arg

Leu

Gly

Arg

405

Asp
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Arg Ser Tyr Leu Asn Ile

Lys

Met

Asp

230

Val

Arg

Val

Thr

Gly

310

Pro

Thr

Trp

His

Lys

390

val

Gly

Ala

Gly

215

Val

Ala

Leu

Trp

Phe

295

Lys

Asn

Glu

Ala

Ala

375

val

Glu

vVal

Glu

200

His

Glu

Ala

Asp

Arg

280

Asp

Ser

Arg

Gly

Leu

360

Thr

Tyr

Gly

val

61

185

Ser

Tyr

Gly

Arg

Ile

265

Lys

Pro

Val

Phe

Glu

345

Gly

Pro

Glu

Arg

Ser
425

Ala

Ala

Met

Thr

Glu

Glu
205

Ala
130

Ala

Leu Asp Gln Leu Arg

Gln

Leu
250

Glu
235

Asn

220

Gln

Lys

Gln Leu Pro

Met

Asp

Glu

Asp

330

His

Ile

Ser

Ala

Pro

410

Phe

Phe

Thr

Cys

315

Lys

Tyr

Ile

Asn

His

395

Glu

Phe

Ala

300

Ala

Ser

Trp

Ser

Gly

380

Thr

Lys

Asp

Thr

Ile

Ile

Ala

285

Gln

Asp

Asn

Glu

Glu

365

Phe

Glu

Ile

Ser

Glu
Leu
Ile
270
Leu
Glﬁ
Gln
Cys
Val

350

Thr

Trp

Gln

Gly

Ser
430

Ser

Leu

Gln

Phe

Ser

255

Ser

Met

Tyr

Lys

Leu

335

Ile

Ala

Ile

Lys

Val

415

Asp

Leu

Leu

Met

Leu

240

Glu

Asp

Pro

Leu

Gln

320

Val

vVal

Asn

Ile

Glu

400

Tyr

Glu
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Asp Asn Leu
435

Leu His Pro
450

Gln Pro Leu
465

<210> 12

<211> 477

<212> PRT

<213> Xenopus sp.
<220>

<221> MISC_FEATURE
<222> (1)..(477)

<400> 12

Met Ser Thr
1

Pro Leu Cys

His Thr Phe
35

Gln Asn Gly
50

Glu Thr Leu
65

Lys Gln Val

Val Tyr Cys

Leu Gly Lys
115

Ala Lys Leu
130

Ala Arg Leu
145

Lys

Leu

Phe Phe

Lys

Pro

Leu

20

Cys

Ser

Gln

Pro

Glu

100

His

Lys

Lys

Ile

Gln

Glu

Gln

Thr

Ile

Lys

85

Gln

Lys

Arg

Lys

Leu

Asp

Phe
470

Leu

Leu

Gly

Pro

Asn

70

Gly

Asp

Gly

Gln

Glu
150
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Tyr Thr Phe Asn Glu

440

Val Cys Trp His

455

Tyr Pro Pro Ala

Met

Phe

Cys

Cys

55

His

Lys

His

Leu

135

Lys

Gln

Arg

Leu

40

Pro

Gln

Cys

Glu

Asn

120

Pro

Thr

62

Gly

Ala

25

Thr

Thr

Leu

Leu

Leu

105

Ile

Gln

Val

Met

10

Pro

Gly

Cys

Glu

Glu

90

Ile

Ile

Gln

Ala

Asp

Glu
475

Gln

vVal

Ala

Gln

His

75

His

Cys

Thr

Gln

Val
155

Arg

Lys

460

Gln

Lys

Thr

Pro

Thr

60

Leu

Leu

Gly

Ala

val

140

Leu

Phe
445

Gly

Leu

Asp

Pro

Lys

45

Pro

Val

Asp

val

Ala

125

Ile

Asp

Ser Gly Arg

Lys Asn Ser

Leu

Glu

30

Asn

Ser

Gln

Pro

Cys

110

Glu

Leu

Thr

15

Cys

Gln

Arg

Ser

Leu

95

Ala

Ala

Gln

Gln

Cys

Gly

Asp

Pro

Phe

80

Ser

Ser

Tyr

Glu

Val
160
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Ala

Gln

Ser

val

Asp

225

Arg

Ser

Glu

Ala

val

305

Ser

Ser

Glu

Arg

Gly

385

Pro

Glu
Leu
Lys
Glu
210
Gly
Lys
Pro
Phe
Leu
290
val
val
Lys
Asp
Lys
370

Cys

Arg

val

Asn

Glu

195

Arg

val

Tyxr

Pro

Lys

275

Glu

Phe

Ser

Glu

Lys

355

Gly

Lys

Val

Gln

Ala

180

Ala

Lys

Leu

Cys

Pro

260

Phe

Asn

Ser

Asp

Ser

340

Pro

Lys

Glu

Leu

Asp

165

Met

Asp

Thr

Lys

Val

245

Gly

Gln

Leu

Asp

Glu

325

Phe

Arg

Leu

Gly

Arg

Thr

Arg

Asn

Met

Asp

230

vVal

Arg

val

Thr

Gly

310

Pro

Thr

Trp

His

Lys

390

val

EP 2 635 908 B1

val

Ser

Ala

Gly

215

»
Val

Ala

Leu

Trp

Phe

295

Lys

Asn

Glu

Ala

Ala

375

val

Glu

Ser

Tyr

Glu

200

His

Glu

Ala

Asp

Arg

280

Asp

Ser

Arg

Gly

Leu

360

Ser

Tyr

Gly

Arg Phe Lys

Leu

185

His

Tyr

Ser

Arg

Ile

265

Lys

Pro

val

Phe

Glu

345

Gly

Pro

‘Glu

Arg

63

170

Ser

Thr

Leu

Gln

Leu

250

Gln

Met

Asp

Glu

Asp

330

His

Val

Ser

Ala

Pro

Ile

Ala

Asp

Glu

235

Asn

Leu

Phe

Thr

Cys

315

Lys

Tyr

Ile

Asn

His

395

Glu

Gly

Met

Thr

Gln

220

Gln

Lys

Pro

Ala

300

Ser

Ser

Trp

Ser

Gly

380

Thr

Lys

Asn

Glu

Glu

205

Leu

Thr

Ile

Ile

Ala

285

Gln

Glu

Asn

Glu

Glu

365

Phe

Glu

Ile

val

Ala

190

Ala

Arg

Glu

Leu

Ile

270

Leu

Gln

Gln

Cys

Val

350

Thr

Trp

Gln

Gly

Lys

175

Ser

Leu

Gln

Phe

Ala

255

Ser

Met

Asn

Lys

Leu

335

Leu

Ala

Leu

Lys

Ile

His

Leu

Leu

Met

Leu

240

Glu

Asp

Pro

Leu

Gln

320

Val

Val

Asn

Ile

Glu

400

Tyr
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405

Leu Ser Phe Ser Asp Gly

420

Asp Asn Ile Lys

435

Leu Leu

Leu His Pro Phe Phe Asp

450

Gln Pro Leu Lys

465

<210> 13

<211> 480

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic Sequence

<400> 13

Ile Phe
470
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410

415

Val Val Ser Phe Phe Asp Ser Ser Asp Glu

425

Tyr Thr Phe Asn
440

Val Cys Trp His
455

Tyr Pro Pro Ala

64

Glu

Asp

Glu
475

Arg

Lys
460

Gln

Phe
445

Gly

Leu

430

Ser Gly Arg

Lys Asn Ala
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Met

Cys

Gly

Ala

Gln

65

Ala

Ile

Leu

Ala

Ser

Pro

His

Asp

50

Ala

Gln

Tyr

Gly

Arg
130

Ala

Leu

Ser

35

Gly

Leu

Val

Cys

Ser

115

Leu

Ala

Cys

20

Phe

Thr

Ser

Pro

Glu

100

His

Lys

Pro

Leu

Cys

Val

Thr

Gln

85

Gln

Arg

Thr

Gly

Gln

Arg

Leu

Asn

70

Gly

Asp

Gly

Gln
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Leu

Leu

Ala

Cys

55

Leu

His

Arg

His

Leu
135

Leu

Phe

Cys

40

Pro

Gln

Cys

Ala

Arg

120

Pro

His

Asp

25

Leu

Cys

Leu

Glu

Leu

105

Leu

Gln

65

Gly

10

Ala

Arg

Cys

Ala

Glu

90

val

Leu

Gln

Met

Pro

val

Gln

Arg

75

His

Cys

Pro

Lys

Gln

Val

Ala

Ala

60

Leu

Leu

Gly

Ala

Leu
140

Gln
Thr
Gly
45

Pro
Yal
Asp
val
Ala

125

Gln

Glu

Ala

30

Glu

Thr

Glu

Pro

Cys

110

Glu

Leu

Leu

15

Glu

Pro

Arg

Gly

Leu

95

Ala

Ala

Gln

Ser

Cys

Ala

Pro

Leu

80

Ser

Ser

His

Glu
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Ala

145

val

Gln

Asp

Glu

225

Met

Ser

Asp

Ala

val

305

Pro

Ala

Lys

Gly

Cys

Glu

Leu

Arg

Glu

210

Lys

Lys

Pro

Phe

Leu

290

Ser

Ala

Gln

Pro

Arg

370

Glu

Met

val

Gly

Glu

195

Leu

Val

Tyx

Pro

Lys

275

Glu

Ser

Gly

Leu

Arg

355

Leu

Gly

Arg

Glu

Lys

180

Ala

Gly

Leu

Cys

Pro

260

Phe

Glu

Ser

Glu

Ser
340

Trp

His

Lys

Lys

Glu

165

Met

Glu

Ser

Glu

Leu

245

Ala

Gln

Leu

Gly

Asp

325

Glu

Ala

Ala

Ile

Glu

150

Thr

Arg

Arg

Leu

Glu

230

val

Arg

val

Thr

Arg

310

Pro

Gly

Leu

val

Leu
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Lys

val

val

val

Asn

215

val

Thr

Leu

Trp

Phe

295

Arg

Arg

Glu

IGly

Pro

375

Glu

Ser Val Ala

Arg

Phe

Arg

200

Ser

Ala

Ser

Asp

Arg

280

Asp

val

Gln

His

val

360

Ser

Ala

66

Gln

Leu

185

Gly

Tyr

Asp

Arg

Ile

265

Lys

Pro

Glu

Phe

Tyr

345

Ile

Gln

His

Phe

170

Ala

Glu

Leu

Lys

Leu

250

Gln

Met

Ser

Cys

Asp

330

Trp

Ala

Gly

val

val

155

Arg

Ala

Ala

Glu

Pro

235

Gln

Leu

Phe

Ala

Ser

315

Lys

Glu

Ala

Leu

Glu

Leu Glu His

Gly

Leu

Gly

Gln

220

Gln

Lys

Pro

Arg

His

300

Glu

Ala

val

Glu

380

Ala

Ala
Glu
val
205
Leu
Thr
Ile
Ile
Ala
285
Pro
Gln
vVal
Glu
Ala
365

Leu

Lys

val

Gly

190

Ala

Arg

Glu

Leu

Ile

270

Leu

Ser

Lys

Ala

Val

350

Ser

Leu

Glu

Gln

Gly

175

Ser

Leu

Gln

Phe

Ala

255

Ser

Met

Leu

Ala

Vval

335

Gly

Arg

Gly

Pro

Leu

160

Glu

Leu

Arg

Met

Leu

240

Glu

Asp

Pro

vVal

Pro

320

Val

Asp

Leu

Arg
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385 390 395 400

Ala Leu Arg Thr Pro Glu Arg Arg Pro Thr Arg Ile Gly Leu Tyr Leu
405 410 415

Ser Phe Gly Asp Gly Val Leu Ser Phe Tyr Asp Ala Ser Asp Ala Asp
420 425 430

Ala Leu Pro Leu Phe Ala Phe His Glu Arg Leu Pro Gly Pro Val Tyr
435 440 445

Pro Phe Phe Asp Val Cys Trp His Asp Lys Gly Lys Asn Ala Gln Pro
450 455 460

Leu Leu Leu Val Gly Pro Glu Val Ser Gly Gly Ser Gly Glu Glu Ala
465 470 475 480

Claims

A method for diagnosing and/or monitoring at least one of a muscle tissue injury, exercise capacity, muscle-related
disease or disorder or a combination thereof in a subject comprising the steps of:

a) obtaining a biological fluid sample from a test subject selected from the group consisting of whole blood,
plasma, serum, and a combination thereof;

b) determining the presence and/or amount of MG53 in the sample;

¢) comparing the presence and/or amount of MG53 in the sample to a reference or control sample, wherein an
increase in the presence and/or amount of MG53 over the control is indicative of a muscle tissue injury, exercise
capacity, or muscle-related disease or disorder or combination thereof; and

d) identifying whether the subject has an increase in the presence and/or amount of MG53, and thereby, at
least one of a muscle tissue injury, a change in exercise capacity, a muscle-related disease or disorder or a
combination thereof.

The method of claim 1, wherein prior to step (c) a step is performed comprising isolating or obtaining a biological
fluid sample selected from the group consisting of whole blood, plasma, serum, and a combination thereof, from a
reference or control subject ("reference sample").

The method of claim 2, wherein the reference or control subject is the same or different from the test subject.

The method of claim 1, wherein the biological fluid sample is whole blood or serum.

The method of claim 1, wherein the muscle tissue injury is at least one of exercise related, age-related muscle
degeneration, ischemic reperfusion injury, trauma induced injury to skeletal or cardiac muscle or a combination
thereof.

The method of claim 1, wherein the muscle-related disease or disorder is muscular dystrophy.

The method of claim 1, wherein the presence and/or amount of MG53 is determined using an anti-MG53 antibody.

The method of claim 1, wherein the antibody binds immunospecifically to a polypeptide having an amino acid
sequence of at least one of SEQ ID NO. 1, 3, or 5-13.

The method of claim 8, wherein the presence and/or amount of MG53 is determined by assaying the sample with
an immunoassay.
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10.

1.

EP 2 635 908 B1
The method of claim 9, wherein said immunoassay is an enzyme-linked immunosorbent assay (ELISA).

A method for determining whether treatment with a therapeutic agent should be continued in a subject suffering
from a muscle-related disease or disorder comprising the steps of:

a) isolating or obtaining from at least two time points during the course of treatment, a biological fluid sample
from a test subject selected from the group consisting of whole blood, plasma, serum, and a combination thereof,
from a subject to be tested ("test samples");

b) determining the presence and/or amount of MG53 in the test samples;

¢) comparing the presence and/or amount of MG53 in the test samples; and

d) wherein an increase of presence and/or amount of MG53 during the course of treatment is determinative for
the discontinuation of the treatment.

Patentanspriiche

1.

10.

11.

Verfahren zur Diagnose und/oder Beobachtung zumindest einer Muskelgewebsverletzung, der Belastungsfahigkeit
oder einer Muskelerkrankung oder -stérung oder einer Kombination davon in einem Individuum, wobei das Verfahren
die Schritte umfasst:

a) Erhalten einer biologischen Flissigkeitsprobe von einem Probanden, die aus der Gruppe Vollblut, Plasma,
Serum und einer Kombination davon ausgewahlt ist;

b) Bestimmen des Vorkommens von und/oder der Menge an MG53 in der Probe;

c) Vergleichen des Vorkommens von und/oder der Menge an MG53 in der Probe mit einer Referenz- oder
Kontrollprobe, wobei ein héheres Vorkommen von und/oder eine héhere Menge an MG53 gegeniiber der
Kontrolle als Hinweis fur eine Muskelgewebsverletzung, die Belastungsfahigkeit oder eine Muskelerkrankung
oder -stérung oder eine Kombination davon dient, und

d) Feststellen, ob bei dem Individuum ein Anstieg des Vorkommens von und/oder der Menge an MG53 und
damit zumindest eine Muskelgewebsverletzung, eine Veranderung der Belastungsfahigkeit oder eine Muske-
lerkrankung oder -stérung oder eine Kombination davon vorliegt.

Verfahren nach Anspruch 1, wobei vor dem Schritt (c) ein Schritt durchgeflhrt wird, der das Isolieren oder Erhalten
einer biologischen Flissigkeitsprobe, die aus der Gruppe Vollblut, Plasma, Serum und einer Kombination davon

ausgewahlt ist, von einem Referenz- oder Kontrollindividuum ("Referenzprobe") umfasst.

Verfahren nach Anspruch 2, wobei das Referenz- oder Kontrollindividuum der Proband oder ein anderes Individuum
ist.

Verfahren nach Anspruch 1, wobei es sich bei der biologischen Fliissigkeitsprobe um Vollblut oder Serum handelt.
Verfahren nach Anspruch 1, wobei die Muskelgewebsverletzung zumindest eine belastungsbedingte, altersbedingte
Muskeldegeneration, Ischamie-Reperfusionsverletzung, Trauma-induzierte Verletzung von Skelett- oder Herzmus-
keln oder eine Kombination davon ist.

Verfahren nach Anspruch 1, wobei die Muskelerkrankung oder -stérung Muskeldystrophie ist.

Verfahren nach Anspruch 1, wobei das Vorkommen von und/oder die Menge an MG53 unter Verwendung eines
Anti-MG53-Antikérpers bestimmt wird.

Verfahren nach Anspruch 1, wobei der Antikdrper immunspezifisch an ein Polypeptid mit einer Aminosauresequenz
von mindestens SEQ ID Nr. 1, 3 oder 5-13 bindet.

Verfahren nach Anspruch 8, wobei das Vorkommen von und/oder die Menge an MG53 durch Testen der Probe mit
einem Immunassay bestimmt wird.

Verfahren nach Anspruch 9, wobei der Immunassay ein Enzym-verkniipfter Immunabsorptionstest (ELISA) ist.

Verfahren zum Bestimmen, ob eine Behandlung mit einem therapeutischen Agens bei einem Individuum, das an
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einer Muskelerkrankung oder -stérung leidet, fortgesetzt werden soll, wobei das Verfahren die Schritte umfasst:

a) Isolieren oder Erhalten einer biologischen Fliissigkeitsprobe von einem Probanden, die aus der Gruppe
Vollblut, Plasma, Serum und einer Kombination davon ausgewabhlt ist, zu mindestens zwei Zeitpunkten, von
einem zu testenden Individuum ("Testproben");

b) Bestimmen des Vorkommens von und/oder der Menge an MG53 in den Testproben;

b) Vergleichen des Vorkommens von und/oder der Menge an MG53 in den Testproben, und

d) wobei ein hdheres Vorkommen von und/oder eine héhere Menge an MG53 im Behandlungsverlauf fur das
Aussetzen der Behandlung bestimmend ist.

Revendications

1.

10.

11.

Procédé de diagnostic et/ou de contrdle d’au moins: une lésion du tissu musculaire, la capacité d’effort, une maladie
ou un trouble musculaire, ou leurs combinaisons, chez un sujet, ledit procédé comportant les étapes:

a) d’obtenir d’un sujet expérimental un échantillon de fluide biologique, choisi dans le groupe constitué par le
sang total, le plasma, le sérum, et leurs combinaisons;

b) de déterminer la présence et/ou la quantité de MG53 dans ledit échantillon;

c) de comparer la présence et/ou la quantité de MG53 dans I'échantillon avec un échantillon de référence ou
de contrble, ou une augmentation de la présence et/ou de la quantité de MG53 par rapport au contrle est
indicative d’'une lésion du tissu musculaire, de la capacité d’effort, ou d’'une maladie ou d’un trouble musculaire,
ou de leurs combinaisons; et

d) d’'identifier si le sujet présente une augmentation de la présence et/ou de la quantité de MG53 et, par con-
séquent, au moins: une Iésion du tissu musculaire, un changement de la capacité d’effort, une maladie ou un
trouble musculaire, ou leurs combinaisons.

Procédé selon la revendication 1, dans lequel I'étape (c) est précédée par une étape comportant l'isolation ou
I'obtention d’'un échantillon de fluide biologique, choisi dans le groupe constitué par le sang total, le plasma, le

sérum, et leurs combinaisons, d’un sujet de référence ou de contrdle (« échantillon de référence »).

Procédé selon la revendication 2, dans lequel le sujet de référence ou de controle est identique avec ou différent
du sujet expérimental.

Procédé selon la revendication 1, dans lequel I'échantillon de fluide biologique est du sang total ou du sérum.
Procédé selon larevendication 1, dans lequel la Ié€sion du tissu musculaire est au moins une dégénération musculaire
liee a l'effort ou a I'age, une lésion d’'ischémie reperfusion, une Iésion des muscles squelettiques ou cardiaques
induite par un traumatisme, ou leurs combinaisons.

Procédé selon la revendication 1, dans lequel la maladie ou le trouble musculaire est la dystrophie musculaire.

Procédé selon la revendication 1, dans lequel la présence et/ou la quantité de MG53 est déterminée en utilisant un
anticorps anti-MG53.

Procédé selon la revendication 1, dans lequel ledit anticorps se lie de maniére immuno-spécifique a un polypeptide
présentant une séquence en acides aminés d’au moins SEQ ID NO: 1, 3, ou 5-13.

Procédé selon la revendication 8, dans lequel la présence et/ou la quantité de MG53 est déterminée en analysant
I’échantillon par un test immunologique.

Procédeé selon la revendication 9, dans lequel ledit test immunologique est un test immuno-enzymatique (ELISA).

Procédé destiné a déterminer si un traitement avec un agent thérapeutique devrait étre continu chez un sujet
souffrant d’'une maladie ou d'un trouble musculaire, ledit procédé comportant les étapes:

a) d’isoler ou d’obtenir d'un sujet expérimental un échantillon de fluide biologique, choisi dans le groupe constitué
par le sang total, le plasma, le sérum, et leurs combinaisons, a au moins deux instants au cours du traitement
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d’'un sujet a tester (« échantillons expérimentaux »);

b) de déterminer la présence et/ou la quantité de MG53 dans les échantillons expérimentaux;

b) de comparer la présence et/ou la quantité de MG53 dans les échantillons expérimentaux; et

d) dans lequel une augmentation de la présence et/ou de la quantité de MG53 au cours du traitement est

10

15

20

25

30

35

40

45

50

55

déterminative pour la suspension du traitement.

70



EP 2 635 908 B1

FIGURE 1

Mouse

Rat

Human
Chimpanzee
Rhesus
Canine
Bovine
Rabbit
Opposum

X. laevis
X. tropical

Prim.cons.

Mouse

Rat

Human
Chimpanzee
Rhesus
Canine
Bovine
Rabbit
Opposum

X. laevis
X. tropical

Prim.cons.

Mouse

Rat

Human
Chimpanzee
Rhesus
Canine
Bovine
Rabbit
Opposum

X. laevis
X. tropical

Prim.cons.

10 20 30 40 50 60

| | | | I I
MSAAPGLLR---QELSCPLCLQLFDAPVTAECGHSFCRACLIRVAGEPAADGTVACPCCQ
MSTAPGLLR---QELSCPLCLQLFDAPVTAECGHSFCRACLIRVAGEPADDGTVACPCCQ
MSAAPGLLH-~~QELSCPLCLQLFDAPVTAECGHSFCRACLGRVAGEPAADGTVLCPCCQ
MSAAPGLLH---QELSCPLCLQLFDAPVTAECGHSFCRACLGRVAGEPAADGTVLCPCCQ
MSAAPGLLH---QELSCPLCLQLFDAPVTAECGHSFCRACLGRVAGEPAADGTVLCPCCQ
MSAAPGLLH---QELSCPLCLQLFDAPVTAECGHSFCRACLSRVAGEPAADGTVPCPCCQ
MSAAPGLLH---QELSCPLCLQLFDAPVTAECGHSFCRACLSRVAGEPAADGTVLCPSCQ
MSAAPGLLH---QELSCPLCLQLFDAPVTAECGHSFCRACLSRVAGEPAADGTVNCPCCQ
MSGAPALMQGMYQDLSCPLCLKLFDAPITAECGHSFCRNCLLRLAPDPQAG-TVLCPSCQ
-MSTPQLMQGMQKDLTCQLCLELFRAPVTPECGHTFCQGCLTGVPKNQDQNGSTPCPTCQ
—MSTPQLMQGMQKDLTCPLCLELFRAPVTPECGHTFCQGCLTGAPKNQDQNGSTPCPTCQ

* 1\'-- * * khkkoekk kkak khkkkokko KKk *x Kk

MSAAPGLLHGMQQE

70 80 90 100 110 120

! ! | | I I
APTRPQALSTNLQLSRLVEGLAQVPQGHCEEHLDPLSIYCEQDRTLVCGVCASLGSHRGH
ASTRPQALSTNLQLARLVEGLAQVPQGHCEEHLDPLSIYCEQDRTLVCGVCASLGSHRGH
APTRPQALSTNLQLARLVEGLAQVPQGHCEEHLDPLSIYCEQDRALVCGVCASLGSHRGH
APTRPQALSTNLQLARLVEGLAQVPQGHCEEHLDPLSIYCEQDRALVCGVCASLGSHRGH
APTRPQALSTNLQLARLVEGLAQVPQGHCEEHLDPLSIYCEQDRALVCGVCASLGSHRGH
ALTRPQALSTNQQLARLVEGLAQVPQGHCEEHLDPLSIYCEQDRALVCGVCASLGSHRGH
APTRPQALSTNLQLARLVEGLAQVPQGHCEEHLDPLSIYCEQDRALVCGVCASLGSHRGH
APTRPQALSTNLQLARLVEGLAQVPQGHCEEHLDPLSIYCEQDRVLVCGVCASLGSHRGH
APTKPDGLNTNQQLARLVESLAQVPQGHCEEHLDPLSVYCEQDRALICGVCASLGKHRGH
SPSRPETLQINRQLEHLVQSFKQVPQGHCLEHMDPLSVYCEQDKELICGVCASLGKHKGH
TPSRPETLQINRQLEHLVQSFKQVPKGHCLEHLDPLSVYCEQDKELICGVCASLGKHKGH

- *- * *x k% -**- - *** hhkk *hkekkhkkokkhkkhhhe kehkikhkhkkkdhdx ko kk

APTRPQALSTNLQLARLVEGLAQVPQGH‘ :

130 140 150 160 - 170 180

I I | [ |
RLLPAAEAQARLKTQLPQOKMQLQEACMRKEKTVAVLEHQLVEVEETVRQFRGAVGE(]
RLLPAAEAHARLKTQLPQQOKAQLQEACMRKEKSVAVLEHQLVEVEETVRQFRGAVGE(
RLLPAAEAHARLKTQLPQQKLQLQEACMRKEKSVAVLEHQLVEVEETVRQFRGAVGE(
RLLPAAEAHARLKTQLPQQKLQLQEACMRKEKSVAVLEHQLVEVEETVRQFRGAVGE(
RLLPAAEAHARLKTQLPQQKLQLQEACMRKEKSVAVLEHQLVEVEETVRQFRGAVGE(]
RLLPAAEAHARLKTQLPQQOKLQLQEACMRKEKSVALLEHQLMEVEEMVRQFRGAVGE(
RLLPAAEAHARLKTQLPQQOKMQLQEACMRKEKSVALLEHQLLEVEETVRQFRGAVGE(]
RLLPAAEAHSRLKTQLPQQKLQLOEASMRKEKSVAVLEHQLTEVEETVRQFRGAVGE(]
SVVTAAEAHQRMKKQLPQQRLQLQEACMRKEKTVALLDRQLAEVEETVRQFQRAVGE(
NIITASEAFAKLKRQLPQQQVILQEARLKKEKTVAVLDRQVAEVQDTVSRFKGNVKH(
NIITAAEAYAKLKRQLPQQQVILQEARLKKEKTVAVLDRQVAEVQDTVSRFKGNVKH(

LN * - *‘k s * kkkk koo khkhkk o okhkhkoekhkokooakoe * koo . * -k . * * k

RLLPAAEAHARLKTQLPQQ

[l ol ol i = =

7



EP 2 635 908 B1

FIG. 1(CONT.)

240

[ |

Mouse ) DREAE RELS EVADKPQTEF
Rat [{DREAE RELS EVADKPQTEF
Human RELG EVADKPQTEF
Chimpanzee 1 1DREAE RELG EVADKPQTEF
Rhesus EVADKPQTEF
Canine EVADKPQTEF
Bovine ‘HDREAE RELG EVADKPQTEF
Rabbit HDREAE RELG EVADKPQTEF
Opposum EVTDQPQTEF
X. laevis DVEGQEQTEF
X. tropical DVESQEQTEF

Prim.cons.

250 260 270 280 290 300

! I ! | ! |

Mouse LMKFCLVTSRLQKILSESPPPARLDIQLPVISDDFKFQVWKKMFRALMPALEELTEFDPSS
Rat LMKFCLVTSRLQKILSESPPPARLDIQLPVISDDFKFQVWKKMFRALMPELEELTFDPSS
Human LMKYCLVTSRLQKILAESPPPARLDIQLPIISDDFKFQVWRKMFRALMPALEELTFDPSS
Chimpanzee LMKYCLVTSRLQKILAESPPPARLDIQLPIISDDFKFQVWRKMFRALMPALEELTFDPSS
Rhesus LMKYCLVTSRLQKILAESPPPARLDIQLPIISDDFKFQVWRKMFRALMPALEELTFDPSS
Canine LMKYCLVTSRLQKILAESPPPARLDIQLPVISDDFKFQVWRKMFRALMPVTKELTEDPSS
Bovine LMKYCLVTSRLQKILAESPPPARLDIQLPIISDDFKFQVWRKMFRALMPARQELTEFDPST
Rabbit LMKYCLVTSRLQKILAESPPPARLDIQLPIISDDFKFQVWRKMFRALMPALEELTEFDPSS
Opposum LRKYCLVISRLQKILAESPPAARLDIQLPIISDDFKFQVWRKMFRALMPGMEVLTEFDPAS
X. laevis LRKYCVVAARLNKILSESPPPGRLDIQLPIISDEFKFQVWRKMFRALMPALENMTEDPDT

X. tropical LRKYCVVAARLNKILAESPPPGRLDIQLPIISDEFKFQVWRKMFRALMPALENLTFDPDT

* kekoek ohkekhkohks khohkk hhkhkhkhkddkokkhkoekkhkhhk o hhdkhkhkhx * %

Prim.cons. LMKYCLVTSRLQKILAESPPPARLDIQLPIISDDFKFQVWRKMFRALMP.
310 320 330 340 350 360
I ! | | ! |
Mouse AHPSLVVSSSGRRVECSDQKAPPAGEDTRQFDKAVAVVAQQLLSQGEHYWEVEVGDKPRW
Rat AHPSLVVSASGRRVECSEQKAPPAGEDTCQFDKTVAVVAKQLLSQGEHYWEVEVGDKPRW
Human AHPSLVVSSSGRRVECSEQKAPPAGEDPRQFDKAVAVVAHQQLSEGEHYWEVDVGDKPRW
Chimpanzee AHPSLVVSSSGRRVECSEQKAPPAGEDPRQFDKAVAVVAHQQLSEGEHYWEVDVGDKPRW
Rhesus AHPSLVVSSSGRRVECSEQKAPPAGEDPRQFDKAVAVVAHQQLSEGEHYWEVEVGDKPRW
Canine AHPSLVLSPSGRRVECSDQKAPPAGEDPCQFDKAVAVVAQQVLSDGEHYWEVQVGEKPRW
Bovine AHPSLVLSNSGRCVECSEQKAPPAGEDPRQFDKAVAVVTHQLLSEGEHYWEVEVGDKPRW
Rabbit AHPSLVVSPTGRRVECSEQKAPPAGDDARQFDKAVAVVAQQLLSDGEHYWEVEVGDKPRW
Opposum AHPSLLVSPSGRRVECVEQKAPPAGDDPQQFDKAVALVAKQQLSEGEHYWEVEVGDKPRW
X. laevis AQQYLVVSSEGKSVECADQKQS-VSDEPNRFDKSNCLVSKQSFTEGEHYWEVIVEDKPRW

X. tropical AQQONLVVFSDGKSVECSEQKQS-VSDEPNRFDKSNCLVSKESFTEGEHYWEVLVEDKPRW

* * * * * % ok * Kk ke oKk . dhkkkhk ki Kk ok k Kk Kk

Prim.cons.

72



FIG.

Mouse

Rat

Human
Chimpanzee
Rhesus
Canine
Bovine
Rabbit
Opposum

X. laevis
X. tropical

Prim.cons.

Mouse

(Seq Id No
Rat

(Seqg Id No
Human

(Seq Id No
Chimpanzee
(Seq Id No
Rhesus
(Seq Id
Canine
(Seq Id
Bovine
(Seq 1d
Rabbit
(Seq Id
Opposum
(Seq Id No
X. laevis
(Seq Id No
X. tropical
(Seq Id No

No
No
No

No

Prim.cons.
(Seq Id No

EP 2 635 908 B1

1 (CONT.)

370 380 390 400 410 420

| | | | I I
ALGVMAADASRRGRLHAVPSQGLWLLGLRDGKILEAHVEAKEPRALRTPERPPARIGLYL
ALGVMAADASRRGRLHAVPSQGLWLLGLRDGKILEAHVEAKEPRALRTPERPPARIGLYL
ALGVIAAEAPRRGRLHAVPSQGLWLLGLREGKILEAHVEAKEPRALRSPERRPTRIGLYL
ALGVIAAEAPRRGRLHAVPSQGLWLLGLREGKILEARVEAKEPRALRSPERRPTRIGLYL
ALGVIAAEGPRRGRLHAVPSQGLWLLGLREGKILEAHVEAKEPRALRSPERRPTRIGLYL
ALGVIAAQASRRGRLHAVPSQGLWLLGLRDGKILEAHVEAKEPRALRTPERRPTRIGIYL
ALGVIGAQAGRRGRLHAVPSQGLWLLGLRDGKILEAHVEAKEPRALRTPERRPTRIGIYL
ALGVMASEASRRGRLHAVPSQGLWLLGLRDGKTLEAHVEAKEPRALRTPERRPTRLGLYL
GLGLISADVSRRGKLHPTPSQGFWMLGLREGKVYEAHVESKEPKVLKVDGR-PSRIGLYL
ALGIISETANRKGKLHATPSNGFWIIGCKEGKVYEAHTEQKEPRVLRVEGR-PEKIGVYL
ALGVISETANRKGKLHASPSNGFWLIGCKEGKVYEAHTEQKEPRVLRVEGR-PEKIGIYL

* % * oo ko kKk KK ek ok ook * * *kk ok kkkoe * * ok

430 440 450 " 460 470 480

SFADGVLAF&DASNPDVLT;IFSFHERLPéPVYPIFDVC*HDKGKNAQPiLLVGPE-—-l—QEQA
3)SFADGVLTFYDASNTDALTPLFSFHERLPGPVYPMFDVCWHDKGKNSQPLLLVGPD ————— SEQA
lOéFGDGVLSFYDASDADALVPLFAFHERLPRPVYPFFDVCWHDKGKNAQPLLLVGPE ————— GAEA
l)SFGDGVLSFYDASDADALVPLFAFHERLPRPVYPFFDVCWHDKGKNAQPLLLVGPE ————— GAEA
7)SFGDGVLSFYDASDADALVPLFAFHERLPGPVYPFFDVCWHDKGKNSQPLLLVGSE ————— GAEA
8)SFGDGVLSFYDASDPDALELLFAFHERLPGPVYPFFDVCWHDKGKNAQPLLLVGPD ————— GEEA
6)SFGDGVLSFYDASDPDALELLFAFHERLPGPVYPFFDVCWHDKGKNAQPLLLVGPEVSGGSGSEA
9)SFGDGVLAFYDASDADALELLFAFRERLPGPVYPFFDVCWHDKGKNAQPLLLVGPD ————— GQEA
5)SFRDGVLSFYDASDLDNLLPLYAFHERLPGPVYPFFDVCWHDKGKNAQPLLLLGPD ————— GEQ-
9)SFSDGVVSFFDSSDEDNLKLLYTFNERFSGRLHPFFDVCWHDKGKNSQPLKIFYPP ----- AEQL
1

1éFSDGVVSFFDSSDEDNIKLLYTFNERFSGRLHPFFDVCWHDKGKNAQPLKIFYPP ————— AEQL

12)

* * %

*

13)

73



EP 2 635 908 B1

FIGURE 2

**

©
o
I

(=2}
o

30

Serum MG53 band intensity

74



EP 2 635 908 B1

FIGURE 3
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FIGURE 4
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Met Ser Ala Ala Pro Gly Leu Leu His Gln Glu Leu Ser Cys Pro Leu
1 5 10 15

Cys Leu Gln Leu Phe Asp Ala Pro Val Thr Ala Glu Cys Gly His Ser
20 25 30

Phe Cys Arg Ala Cys Leu Gly Arg Val Ala Gly Glu Pro Ala Ala Asp
35 40 45

Gly Thr Val Leu Cys Pro Cys Cys Gln Ala Pro Thr Arg Pro Gln Ala
50 55 60
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Val Pro Gln Gly His Cys Glu Glu His Leu Asp Pro Leu Ser Ile Tyr
85 90 95

Cys Glu Gln Asp Arg Ala Leu Val Cys Gly Val Cys Ala Ser Leu Gly
100 105 110

Ser His Arg Gly His Arg Leu Leu Pro Ala Ala Glu Ala His Ala Arg
115 120 125
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