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COMPOSITIONS AND METHODS FOR
CHARACTERIZING AND TREATING
MUSCULAR DYSTROPHY

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation application of and
claims priority to U.S. patent application Ser. No. 13/861,
227, filed on Apr. 11, 2013, now U.S. Pat. No. 9,260,755,
which claims the benefit of U.S. Provisional Patent Applica-
tion No. 61/622,942, filed on Apr. 11, 2012. The entire con-
tents are hereby incorporated by reference herein.

FEDERALLY SPONSORED RESEARCH OR
DEVELOPMENT

[0002] This invention was made with Government support
under Grant No. US54 HD060848 awarded by the National
Institutes of Health. The Government has certain rights in the
invention.

BACKGROUND OF THE INVENTION

[0003] Facioscapulohumeral muscular dystrophy (FSHD)
is a progressive neuromuscular disorder caused by contrac-
tions of repetitive elements within the macrosatellite D474 on
chromosome 4q35. There is currently no effective treatment
available for FSHD and clinical trials with novel therapeutics
have been discouraged by the lack of a recognized mouse
model. Clinical trials have also been discouraged by the fact
that FSHD is ahighly variable and slowly progressing disease
whereas the efficacy of therapeutic interventions is ideally
established over short periods of time. Therefore, molecular
biomarkers of FSHD that could be used to assay responsive-
ness to therapy would greatly facilitate FSHD therapeutic
development and clinical research. High-density oligonucle-
otide arrays reliably quantify the expression levels of thou-
sands of genes simultaneously and enable identification of
such biomarkers.

SUMMARY OF THE INVENTION

[0004] As described below, the present invention features
panels of biomarkers useful in diagnosing muscular dystro-
phy (e.g., FSHD) in a subject, as well as cellular compositions
and chimeric animals useful in drug screening.

[0005] Thus, in a first aspect, the invention provides meth-
ods for identifying a candidate compound for treatment of
Facioscapulohumeral muscular dystrophy (FSHD). The
methods include contacting a sample comprising a cell
derived from an FSHD affected subject with a test compound;
determining a level of expression of a gene selected from the
group consisting of PRAMEF1, SLC34A2, TRIMA49,
TRIMA43, CD177, NAAA, HSPA6, TC2N, CD34, ATP2A1,
PAX7, MYF5, MRAP2, DAGI, CLYBL, CALCRL,
ZNF445, and SPATA17, or at least two genes selected from
the group consisting of SLC34A2, TRIM49, TRIMA43,
PRAMEF1, CD177, NAAA, HSPA6, TC2N, CD34,
ATP2A1, PAX7, MYF5, MRAP2, DAGI1, CLYBL, CAL-
CRL, ZNF445, and SPATA17 in the sample; and selecting as
a candidate compound a test compound that reduces the level
of expression of one or more of SLC34A2, TRIMA49,
TRIM43, PRAMEF1, CD177, NAAA, HSPA6, TC2N, or
CD34, or a test compound that increases the level of expres-
sion of one or more of ATP2A1, PAX7, MYF5, MRAP2,
DAGI1, CLYBL, CALCRL, ZNF445, or SPATA17. In some
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embodiments, where expression of only a single gene is deter-
mined, that gene is not PRAMEF1 or TRIM43. In some
embodiments where expression of only two genes is deter-
mined, the genes are not PRAMEF1 and TRIM43. Thus, in
some embodiments, where PRAMEF1 or TRIM43 are deter-
mined, at least one other gene that is not PRAMEF1 or
TRIMA43 is also determined.

[0006] In some embodiments, the methods include deter-
mining a level of expression of at least one gene shown in
Table 4 that is upregulated in FSHD, optionally wherein the
gene is selected from the group consisting of PRAMEF1;
TRIM43; SLC34A2; TRIM49 and CD34, in a sample com-
prising a cell from the subject; and determining a level of
expression of at least one gene shown in Table 4 that is
downregulated in FSHD, optionally wherein the gene is
selected from the group consisting of PAX7; MYFS;
ATP2A1; DAG1; and MRAP2; in the sample; and selecting as
a candidate compound a test compound that reduces the level
of'expression of a gene shown in Table 4 that is upregulated in
FSHD and increases the level of expression of a gene shown
in Table 4 that is downregulated in FSHD.

[0007] In some embodiments, the methods include admin-
istering the selected candidate compound to an animal model
of FSHD, wherein the animal model comprises at least one
chimeric muscle tissue comprising cells from a subject
affected with FSHD; performing an assay to determine a level
of expression of at least one gene shown in Table 4; compar-
ing the level of expression of the at least one gene to a
reference level of expression that represents a level of expres-
sion in the absence of the candidate compound; and selecting
as a candidate therapeutic compound a candidate compound
that reduces the level of expression of a gene shown in Table
4 that is upregulated in FSHD and increases the level of
expression of a gene shown in Table 4 that is downregulated
in FSHD.

[0008] In some embodiments, the level of expression of a
gene shown in Table 4 that is upregulated in FSHD is reduced
to a level that is nearly or substantially the same as, i.e., not
statistically significantly different from, a level in a control
cell that is not derived from an FSHD affected subject, or an
animal model that comprises at least one chimeric muscle
tissue comprising cells from a control subject who is not
affected with FSHD.

[0009] In some embodiments, the level of expression of a
gene shown in Table 4 that is downregulated in FSHD is
increased to a level that is nearly or substantially the same as,
i.e., not statistically significantly different from, a level in a
control cell that is not derived from an FSHD affected subject,
or an animal model that comprises at least one chimeric
muscle tissue comprising cells from a control subject who is
not affected with FSHD.

[0010] In some embodiments, levels of expression are
determined using quantitative PCR (qPCR).

[0011] In some embodiments, the control cell is derived
from a first degree relative of the FSHD affected subject.
[0012] In another aspect, the invention provides methods
(e.g., computer-implemented methods) for identifying a can-
didate compound for treatment of Facioscapulohumeral mus-
cular dystrophy (FSHD). The methods include contacting a
sample comprising a cell derived from an FSHD affected
subject with a test compound; determining a level of expres-
sion of at least one gene shown in Table 4 that is upregulated
in FSHD, optionally wherein the gene is selected from the
group consisting of PRAMEF1; TRIM43; SLC34A2;
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TRIM49 and CD34, in the sample, to determine a value
[GeneUP]; determining a level of expression of at least one
gene shown in Table 4 that is downregulated in FSHD, option-
ally wherein the gene is selected from the group consisting of
PAX7; MYFS; ATP2A1; DAG1; and MRAP2; in the sample,
to determine a value [GeneDOWN]; using the value [Gene-
DOWN] and the value for [GeneUP] to calculate a classifier
for the test compound; comparing the classifier to a reference
classifier that represents a classifier in a cell that is from a
control subject who is not affected with FSHD; and selecting
as a candidate compound a test compound that has a classifier
that is not statistically different from the reference classifier.

[0013] In some embodiments, [GeneUP] is a level of
PRAMEF1 in the sample.

[0014] In some embodiments, [GeneDOWN] is a level of
PAX7 in the sample.

[0015]

[GeneUP]-[GeneDOW N]=classifier

In some embodiments, the classifier is calculated as:

[0016] In some embodiments, the test compound is an
inhibitory nucleic acid.

[0017] Insome embodiments, the methods include admin-
istering the selected candidate compound to an animal model
of FSHD, wherein the animal model comprises at least one
chimeric muscle tissue comprising cells from a subject
affected with FSHD; performing an assay to determine a level
of expression of at least one gene selected from the group
consisting of SLC34A2, TRIM49, TRIM43, PRAMEF1,
CD177, NAAA, HSPAG6, TC2N, CD34, ATP2A1, PAX7,
MYF5, MRAP2, DAG1, CLYBL, CALCRL, ZNF445,
SPATA17; comparing the level of expression of the at least
one gene to a reference level of expression that represents a
level of expression in the absence of the candidate compound;
selecting as a candidate therapeutic compound a candidate
compound that reduces the level of expression of one or more
of SLC34A2, TRIM49, TRIM43, PRAMEF1, CDI177,
NAAA, HSPAG6, TC2N, or CD34, and increases the level of
expression one or more of ATP2A1, PAX7, MYFS5, MRAP2,
DAG1, CLYBL, CALCRL, ZNF445, or SPATA17.

[0018] In some embodiments, the methods include admin-
istering the selected candidate compound to an animal model
of FSHD, wherein the animal model comprises at least one
chimeric muscle tissue comprising cells from a subject
affected with FSHD; evaluating an effect of the candidate
compound on a biological function associated with FSHD in
the animal model; and selecting as a candidate therapeutic
compound a candidate compound that improves the biologi-
cal function (i.e., effects a return to normal or near normal
function) in the animal model.

[0019] In some embodiments, biological function is
assayed using live cell imaging, muscle fiber turnover, the
number of muscle stem cells, or biomarker expression.

[0020] In another aspect, the invention provides methods
for treating FSHD in a subject, the method comprising admin-
istering to the subject one or more inhibitory nucleic acids
targeting one or more of SLC34A2, TRIM49, TRIMA43,
CD177, NAAA, HSPAG6, TC2N, or CD34. In an additional
aspect, the invention provides methods for treating FSHD in
a subject, the method comprising administering to the subject
two or more inhibitory nucleic acids targeting two or more of
SLC34A2, TRIM49, TRIM43, PRAMEF1, CD177, NAAA,
HSPAG6, TC2N, or CD34. In some embodiments, the inhibi-
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tory nucleic acid is a double-stranded RNA, siRNA, shRNA,
or antisense oligonucleotide, e.g., a morpholino oligonucle-
otide.

[0021] Also provided herein are inhibitory nucleic acids
targeting SLC34A2, TRIM49, TRIM43, CD177, NAAA,
HSPAG6, TC2N, or CD34 for treating FSHD, and the use of
such inhibitory nucleic acids for treating FSHD, as well as for
the manufacture of a medicament for the treatment of FSHD.
[0022] In another aspect, the invention provides cell lines,
e.g., shown in FIG. 1, optionally selected from the group
consisting of cell lines designated 07A, 07U, 09A, 09U, 12A,
12U, 15A, 15B, 15V, 21B, or 21U, where A and B designate
cells from genetically affected persons with FSHD, and U and
V designate genetically unaffected family members of the
persons with FSHD.

[0023] Inanotheraspect, the invention provides kits includ-
ing a plurality of cell lines, e.g., a pair or trio of cell lines, from
afamily cohort as shown in FIG. 1, wherein the kit includes at
least one cell line from a genetically affected person with
FSHD, and at least one cell line from a genetically unaffected
family member, e.g., a first degree relative, of the person with
FSHD. In some embodiments, the kit comprises pairs or trios
of cell lines selected from the group consisting of: 07A, 07U;
09A, 09U; 12A, 12U; 15A, 15 B, 15V; and 21B, 21U; where
A and B designate cells from genetically affected persons
with FSHD, and U and V designate genetically unaffected
family members of the persons with FSHD.

[0024] In one aspect, the invention features a panel of iso-
lated biomarkers including a DUX4 nucleic acid molecule
and one or more (e.g.,2,3,4,5,6,7,8,9,10,11, 12, 13, 14,
15,16, 17, 18, 19 or 20) additional biomarkers including any
one or more of the biomarkers listed in Table 2 or 4.

[0025] In another aspect, the invention features a microar-
ray containing at least a DUX4 nucleic acid molecule and one
ormore polynucleotides listed in Table 2 or 4 or their encoded
polypeptides, or fragments thereof, fixed to a solid support. In
one embodiment, the solid support is a membrane, bead,
biochip, multiwell microtiter plate, or a resin.

[0026] Inanother aspect, the invention features a method of
characterizing Facioscapulohumeral muscular dystrophy
(FSHD) in a cell derived from an FSHD aftfected subject, the
method involving determining the level of expression of one
or more nucleic acid molecules listed in Table 2 or 4 or their
encoded polypeptides in the cell relative to the level of
expression of the nucleic acid molecules or polypeptides in a
cell obtained from a first degree relative of the subject who
does not have FSHD, thereby characterizing FSHD in the
cell. In one embodiment, the method identifies the molecular
biomarker profile of the cell. In another embodiment, the cells
are in vitro or in vivo. In another embodiment, the FSHD
subject is identified as having a contracted 4q D474 region in
combination with a 4 A telomeric allele.

[0027] Inanother aspect, the invention features a set of cell
cultures, containing one culture containing cells derived from
a subject identified as having FSHD and at least one control
culture containing cells derived from a first degree relative of
the subject that does not have FSHD. In one embodiment, the
set comprises two, three or four control cultures obtained
from first degree relatives of the subject. In another embodi-
ment, the cell cultures are enriched for myogenic cells. In
another embodiment, the cells are isolated by selecting cells
positive for human CD56. In another embodiment, the cells
are obtained from skeletal muscle biopsies. In another
embodiment, the biopsy is of a bicep or deltoid muscle. In
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another embodiment, the FSHD subject is identified as hav-
ing a contracted 4q D474 region in combination with a 4 qA
telomeric allele, and the first degree relative does not have the
contracted 4q D474 region.

[0028] Inanother aspect, the invention features a collection
containing two or more sets of the cell cultures of any previ-
ous aspect or any other aspect of the invention delineated
herein, where each set comprises a culture containing cells
obtained from a distinct FSHD affected subject and at least
one control culture containing cells obtained from that FSHD
affected subject’s first degree relatives.

[0029] In another aspect, the invention features a method
for identifying an FSHD biomarker, the method involving
comparing the expression of one or more polynucleotides in
cells derived from a subject having FSHD relative to the
expression of the polynucleotide in control cells derived from
a first degree relative of the subject, where an increase or
decrease in the polynucleotides relative to the control identi-
fies the polynucleotide as an FSHD biomarker.

[0030] In another aspect, the invention features a chimeric
mouse containing at least one human cell derived from an
FSHD affected subject or a first degree relative thereof.

[0031] In another aspect, the invention features a set of
chimeric mice including one mouse containing a human cell
of'an FSHD affected subject, and at least one mouse contain-
ing a human cell derived from a first degree relative of the
FSHD affected subject.

[0032] Inanotheraspect, the invention features a method of
identifying an agent that ameliorates FSHD in a subject in
need thereof, the method involving contacting a cell derived
from an FSHD affected subject with a candidate agent, and
comparing the cell’s biological function or the level of
expression of a nucleic acid molecule of Table 2 or 4 with the
biological activity or the level of expression of the nucleic
acid molecule in a control cell, where an agent that normal-
izes the expression of the nucleic acid molecule or enhances
biological function ameliorates FSHD. In one embodiment,
the control cell is derived from a first degree relative of the
affected.

[0033] Inanotheraspect, the invention features a method of
identifying an agent that ameliorates FSHD in a subject in
need thereof, the method involving administering the agent to
the chimeric mouse of any previous aspect, and comparing
the biological function of a human cell of the mouse before
and after treatment, where an agent that enhances the biologi-
cal function of the cell is identified as ameliorating FSHD.

[0034] Inanotheraspect, the invention features a method of
identifying an agent that ameliorates FSHD in a subject in
need thereof, the method involving administering the agent to
the chimeric mouse of any previous aspect, and comparing
the level of expression of'a nucleic acid molecule of Table 2 or
4 in a human cell of the mouse relative to the level in an
untreated control cell, where an agent that normalizes expres-
sion in the cell is identified as ameliorating FSHD.

[0035] Inanotheraspect, the invention features a method of
identifying an inhibitory nucleic acid that ameliorates FSHD
in a subject in need thereof, the method involving contacting
a cell derived from an FSHD affected subject with an inhibi-
tory nucleic acid molecule that targets a polynucleotide over
expressed in FSHD, and comparing the level of expression of
the polynucleotide relative to the level in a reference, where
aninhibitory nucleic acid molecule that reduces expression of
the polynucleotide ameliorates FSHD.
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[0036] Inanother aspect, the invention features a method of
identifying an inhibitory nucleic acid that ameliorates FSHD
in a subject in need thereof, the method involving contacting
a cell derived from an FSHD affected subject with an inhibi-
tory nucleic acid molecule that targets a polynucleotide over
expressed in FSHD, and comparing the biological function of
a human cell of the mouse before and after treatment, where
an agent that enhances the biological function of the cell is
identified as ameliorating FSHD.

[0037] Inanother aspect, the invention features a method of
diagnosing a subject as having, or having a propensity to
develop, Facioscapulohumeral muscular dystrophy (FSHD),
the method involving determining the level of expression of
one or more nucleic acid molecules listed in Table 2 or 4 or
their encoded polypeptides in a biological sample of the sub-
ject relative to the level of expression of the nucleic acid
molecules or polypeptides in a reference, where an alteration
in the level of expression is indicative of FSHD.

[0038] In various embodiments of the previous aspects or
any other aspect of the invention delineated herein, the panel
includes polynucleotide or polypeptide biomarkers that are
any one or more of DUX4, tripartite motif containing 43
(TRIM43), TRIM49, tandem C2 domains, nuclear (TC2N),
PRAME family member 13 (PRAMEF13), PRAMEF2,
PRAMEF1, solute carrier family 34 (SLC34A2), heat shock
70 kDa protein 6 (HSP70B), F1.J44674 protein, CD177, and
chromosome 9 open reading frame 4 (C9orf4). In one
embodiment, the panel includes or consists of DUX4 and one
or more additional upregulated biomarkers selected from the
group consisting of TRIM43, PRAMEF13, PRAMEF2,
PRAMEF1, SLC34A2, TRIM49, CCNAI, and TNXA. In
another embodiment, the panel comprises DUX4 and a down-
regulated biomarker selected from the group consisting of
microRNA 30b (MIR30B), dystroglycan 1 (DAG1), melano-
cortin 2 receptor accessory protein (MRAP2), chromosome 9
open reading frame 153 (C90rf153), ATPase, Ca++transport-
ing, cardiac (ATP2A1), citrate lyase beta like (CLYBL), cal-
citonin receptor-like (CALCRL), cytochrome P450, family
39, subfamily (CYP39A1), mastermind-like 3 (MAML3),
adrenergic, beta, receptor kinase 2 (ADRBK2), Rho guanine
nucleotide exchange factor (ARHGEF7), microRNA 95
(miR95), spermatogenesis associated 17 (SPATA17), islet
cell autoantigen 1.69 kDa-like ICA1L), GABRR1, gamma-
aminobutyric acid (GABA) KIAAI217, zinc finger protein
445 (ZNF445), and chromosome 14 open reading frame 39
(C140rf39. In another embodiment, the panel comprises or
consists of DUX4 and a downregulated biomarker selected
from the group consisting of CALCRL, ATP2A1, MYLK4,
E2F8, RGS13, MYOZ2, LRRC39, C6orf142, and MYOZ1.
In other embodiments, the human cell is a skeletal muscle
cell, muscle stem cell, or differentiated muscle fiber. In other
embodiments, the human cells replace 1-100% (e.g., 5%,
10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 100%) of
the cells present in a muscle of the mouse. In one embodi-
ment, the human cells replace cells present in the tibialis
anterior. In still other embodiments, biological function is
assayed using live cell imaging, muscle fiber turnover, the
number of muscle stem cells, or biomarker expression.

[0039] The invention provides compositions and methods
for characterizing FSHD in a subject, as well as compositions
and methods useful in drug screening. Compositions and
articles defined by the invention were isolated or otherwise
manufactured in connection with the examples provided
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below. Other features and advantages of the invention will be
apparent from the detailed description, and from the claims.

DEFINITIONS

[0040] Unless defined otherwise, all technical and scien-
tific terms used herein have the meaning commonly under-
stood by a person skilled in the art to which this invention
belongs. 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 Sci-
ence 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). As used herein, the following terms have
the meanings ascribed to them below, unless specified other-
wise.

[0041] By “agent” is meant any small molecule chemical
compound, antibody, nucleic acid molecule, or polypeptide,
or fragments thereof.

[0042] By “ameliorate” is meant decrease, suppress,
attenuate, diminish, arrest, or stabilize the development or
progression of a disease.

[0043] By “alteration” is meant a change (increase or
decrease) in the expression levels or activity of a gene or
polypeptide as detected by standard art known methods such
as those described herein. As used herein, an alteration
includes a 10% change in expression levels, preferably a 25%
change, more preferably a 40% change, and most preferably
a 50% or greater change in expression levels.”

[0044] By “analog” is meant a molecule that is not identi-
cal, but has analogous functional or structural features. For
example, a polypeptide analog retains the biological activity
of a corresponding naturally-occurring polypeptide, while
having certain biochemical modifications that enhance the
analog’s function relative to a naturally occurring polypep-
tide. Such biochemical modifications could increase the ana-
log’s protease resistance, membrane permeability, or half-
life, without altering, for example, ligand binding. An analog
may include an unnatural amino acid.

[0045] By “biomarker” is meant a polypeptide, polynucle-
otide, or clinical criteria associated with a disease or condi-
tion. For example, an alteration in the presence, level of
expression, or sequence of a biomarker may be associated
with or diagnostic of a disease or condition.

[0046] Inthis disclosure, “comprises,” “comprising,” “con-
taining” and “having” and the like can have the meaning
ascribed to them in U.S. Patent law and can mean “includes,”
“including,” and the like; “consisting essentially of” or “con-
sists essentially” likewise has the meaning ascribed in U.S.
Patent law and the term is open-ended, allowing for the pres-
ence of more than that which is recited so long as basic or
novel characteristics of that which is recited is not changed by
the presence of more than that which is recited, but excludes
prior art embodiments.

[0047] By “cell culture” is meant a cell or cells in vitro. A
cell culture includes a cell growing or capable of growing in
vitro. Thus, a cell culture includes frozen cells capable of
growth in vitro.

[0048] “Detect” refers to identifying the presence, absence
or amount of the analyte to be detected.

[0049] By “detectable label” is meant a composition that
when linked to a molecule of interest renders the latter detect-
able. Exemplary methods used to detect a detectable label,

29 4¢
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include spectroscopic, photochemical, biochemical, immu-
nochemical, or chemical means. For example, useful labels
include radioactive isotopes, magnetic beads, metallic beads,
colloidal particles, fluorescent dyes, electron-dense reagents,
enzymes (for example, as commonly used in an ELISA),
biotin, digoxigenin, or haptens.

[0050] By “disease” is meant any condition or disorder that
damages or interferes with the normal function of a cell,
tissue, or organ.

[0051] By “effective amount” is meant the amount of a
required to ameliorate the symptoms of a disease relative to
an untreated patient. The effective amount of active com-
pound(s)used to practice the present invention for therapeutic
treatment of a disease varies depending upon the manner of
administration, the age, body weight, and general health of
the subject. Ultimately, the attending physician or veterinar-
ian will decide the appropriate amount and dosage regimen.
Such amount is referred to as an “effective” amount.

[0052] The invention provides a number of targets that are
useful for the development of highly specific drugs to treat a
condition or a disorder characterized by the methods delin-
eated herein. In addition, the methods of the invention provide
a facile means to identify therapies that are safe for use in
subjects. In addition, the methods of the invention provide a
route for analyzing virtually any number of compounds for
effects on a disease described herein with high-volume
throughput, high sensitivity, and low complexity.

[0053] By “fragment” is meant a portionofapolypeptide or
nucleic acid molecule. This portion contains, preferably, at
least 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, or 90% of
the entire length of the reference nucleic acid molecule or
polypeptide. A fragment may contain 10, 20, 30, 40, 50, 60,
70, 80, 90, or 100, 200, 300, 400, 500, 600, 700, 800, 900, or
1000 nucleotides or amino acids.

[0054] “Hybridization” means hydrogen bonding, which
may be Watson-Crick, Hoogsteen or reversed Hoogsteen
hydrogen bonding, between complementary nucleobases.
For example, adenine and thymine are complementary
nucleobases that pair through the formation of hydrogen
bonds.

[0055] By “inhibitory nucleic acid” is meant a double-
stranded RNA, siRNA, shRNA, or antisense RNA, or a por-
tion thereof, or a mimetic thereof, that when administered to
a mammalian cell results in a decrease (e.g., by 10%, 25%,
50%, 75%, or even 90-100%) in the expression of a target
gene. Typically, a nucleic acid inhibitor comprises at least a
portion of a target nucleic acid molecule, or an ortholog
thereof, or comprises at least a portion of the complementary
strand of a target nucleic acid molecule. For example, an
inhibitory nucleic acid molecule comprises at least a portion
of any or all of the nucleic acids delineated herein.

[0056] The terms “isolated,” “purified,” or “biologically
pure” refer to material that is free to varying degrees from
components which normally accompany it as found in its
native state. “Isolate” denotes a degree of separation from
original source or surroundings. “Purify”” denotes a degree of
separation that is higher than isolation. A “purified” or “bio-
logically pure” protein is sufficiently free of other materials
such that any impurities do not materially affect the biological
properties of the protein or cause other adverse consequences.
That is, a nucleic acid or peptide of this invention is purified
if it is substantially free of cellular material, viral material, or
culture medium when produced by recombinant DNA tech-
niques, or chemical precursors or other chemicals when
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chemically synthesized. Purity and homogeneity are typi-
cally determined using analytical chemistry techniques, for
example, polyacrylamide gel electrophoresis or high perfor-
mance liquid chromatography. The term “purified” can
denote that a nucleic acid or protein gives rise to essentially
one band in an electrophoretic gel. For a protein that can be
subjected to modifications, for example, phosphorylation or
glycosylation, different modifications may give rise to difter-
ent isolated proteins, which can be separately purified.
[0057] By “isolated polynucleotide” is meant a nucleic acid
(e.g., a DNA) that is free of the genes which, in the naturally-
occurring genome of the organism from which the nucleic
acid molecule of the invention is derived, flank the gene. The
term therefore includes, for example, a recombinant DNA
that is incorporated into a vector; into an autonomously rep-
licating plasmid or virus; or into the genomic DNA of a
prokaryote or eukaryote; or that exists as a separate molecule
(for example, a cDNA or a genomic or cDNA fragment pro-
duced by PCR or restriction endonuclease digestion) inde-
pendent of other sequences. In addition, the term includes an
RNA molecule that is transcribed from a DNA molecule, as
well as a recombinant DNA that is part of a hybrid gene
encoding additional polypeptide sequence.

[0058] By an “isolated polypeptide” is meant a polypeptide
of'the invention that has been separated from components that
naturally accompany it. Typically, the polypeptide is isolated
when it is at least 60%, by weight, free from the proteins and
naturally-occurring organic molecules with which it is natu-
rally associated. Preferably, the preparation is at least 75%,
more preferably at least 90%, and most preferably at least
99%, by weight, a polypeptide of the invention. An isolated
polypeptide of the invention may be obtained, for example, by
extraction from a natural source, by expression of a recom-
binant nucleic acid encoding such a polypeptide; or by chemi-
cally synthesizing the protein. Purity can be measured by any
appropriate method, for example, column chromatography,
polyacrylamide gel electrophoresis, or by HPLC analysis.
[0059] By “marker” is meant any protein or polynucleotide
having an alteration in expression level or activity that is
associated with a disease or disorder.

[0060] By “Marker profile” is meant a characterization of
the expression or expression level of two or more polypep-
tides or polynucleotides.

[0061] As used herein, “obtaining” as in “obtaining an
agent” includes synthesizing, purchasing, or otherwise
acquiring the agent.

[0062] “Primer set” means a set of oligonucleotides that
may be used, for example, for PCR. A primer set would
consist of at least 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 30, 40, 50,
60, 80, 100, 200, 250, 300, 400, 500, 600, or more primers. In
particular embodiments, primers of the invention are useful in
amplifying a gene listed in Table 2 or 4.

[0063] By “reduces” is meant a negative alteration of at
least 10%, 25%, 50%, 75%, or 100%.

[0064] By “reference” is meant a standard or control con-
dition. For example, the level of a polynucleotide or polypep-
tide of the invention (e.g., a polynucleotide listed in Table 2 or
4 or the encoded polypeptide) in a subject that is not affected
with FSHD, such as a first degree relative of the subject.
[0065] A “reference sequence” is a defined sequence used
as a basis for sequence comparison. A reference sequence
may be a subset of or the entirety of a specified sequence; for
example, a segment of a full-length cDNA or gene sequence,
or the complete cDNA or gene sequence. For polypeptides,
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the length of the reference polypeptide sequence will gener-
ally be at least about 16 amino acids, preferably at least about
20 amino acids, more preferably at least about 25 amino
acids, and even more preferably about 35 amino acids, about
50 amino acids, or about 100 amino acids. For nucleic acids,
the length of the reference nucleic acid sequence will gener-
ally be at least about 50 nucleotides, preferably at least about
60 nucleotides, more preferably at least about 75 nucleotides,
and even more preferably about 100 nucleotides or about 300
nucleotides or any integer thereabout or therebetween.
[0066] By “a set” is meant a group having more than one
member. The group may be composed of 2, 4, 5, 8, 10, 20, 30,
40, 50, 60, 70, 80, 90, 100, 125, 150, 200, 250, or 300
polypeptide, nucleic acid molecule, cell culture, or chimeric
mouse members.

[0067] By “siRNA”is meant a double stranded RNA. Opti-
mally, an siRNA is 18, 19, 20, 21, 22, 23 or 24 nucleotides in
length and has a 2 base overhang at its 3' end. These dsRNAs
can be introduced to an individual cell or to a whole animal;
for example, they may be introduced systemically via the
bloodstream. Such siRNAs are used to downregulate mRNA
levels or promoter activity. In one embodiment, the invention
provides siRNA that target a polynucleotide of the invention
(e.g., a polynucleotide upregulated in FSHD).

[0068] By “specifically binds” is meant a compound or
antibody that recognizes and binds a polypeptide of the inven-
tion, but which does not substantially recognize and bind
other molecules in a sample, for example, a biological
sample, which naturally includes a polypeptide of the inven-
tion. In one embodiment, the invention provides antibodies
against polypeptides, or fragments thereof, encoded by a gene
listed in Table 2 or 4.

[0069] Nucleic acid molecules useful in the methods of the
invention include any nucleic acid molecule that encodes a
polypeptide of the invention or a fragment thereof. Such
nucleic acid molecules need not be 100% identical with an
endogenous nucleic acid sequence, but will typically exhibit
substantial identity. Polynucleotides having “substantial
identity” to an endogenous sequence are typically capable of
hybridizing with at least one strand of a double-stranded
nucleic acid molecule. Nucleic acid molecules useful in the
methods of the invention include any nucleic acid molecule
that encodes a polypeptide of the invention or a fragment
thereof. Such nucleic acid molecules need not be 100% iden-
tical with an endogenous nucleic acid sequence, but will
typically exhibit substantial identity. Polynucleotides having
“substantial identity” to an endogenous sequence are typi-
cally capable of hybridizing with at least one strand of a
double-stranded nucleic acid molecule. By “hybridize” is
meant pair to form a double-stranded molecule between
complementary polynucleotide sequences (e.g., a gene
described herein), or portions thereof, under various condi-
tions of stringency. (See, e.g., Wahl, G. M. and S. L. Berger
(1987) Methods Enzymol. 152:399; Kimmel, A. R. (1987)
Methods Enzymol. 152:507).

[0070] For example, stringent salt concentration will ordi-
narily be less than about 750 mM NaCl and 75 mM trisodium
citrate, preferably less than about 500 mM NaCl and 50 mM
trisodium citrate, and more preferably less than about 250
mM NaCl and 25 mM trisodium citrate. Low stringency
hybridization can be obtained in the absence of organic sol-
vent, e.g., formamide, while high stringency hybridization
can be obtained in the presence of at least about 35% forma-
mide, and more preferably at least about 50% formamide.
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Stringent temperature conditions will ordinarily include tem-
peratures of at least about 30° C., more preferably of at least
about 37° C., and most preferably of at least about 42° C.
Varying additional parameters, such as hybridization time,
the concentration of detergent, e.g., sodium dodecyl sulfate
(SDS), and the inclusion or exclusion of carrier DNA, are well
known to those skilled in the art. Various levels of stringency
are accomplished by combining these various conditions as
needed. In a preferred: embodiment, hybridization will occur
at30° C. in 750 mM NaCl, 75 mM trisodium citrate, and 1%
SDS. In a more preferred embodiment, hybridization will
occurat37°C.in 500 mM NaCl, 50 mM trisodium citrate, 1%
SDS, 35% formamide, and 100 pg/ml denatured salmon
sperm DNA (ssDNA). In a most preferred embodiment,
hybridization will occur at 42° C. in 250 mM NaCl, 25 mM
trisodium citrate, 1% SDS, 50% formamide, and 200 pg/ml
ssDNA. Useful variations on these conditions will be readily
apparent to those skilled in the art.

[0071] For most applications, washing steps that follow
hybridization will also vary in stringency. Wash stringency
conditions can be defined by salt concentration and by tem-
perature. As above, wash stringency can be increased by
decreasing salt concentration or by increasing temperature.
For example, stringent salt concentration for the wash steps
will preferably be less than about 30 mM NaCl and 3 mM
trisodium citrate, and most preferably less than about 15 mM
NaCl and 1.5 mM trisodium citrate. Stringent temperature
conditions for the wash steps will ordinarily include a tem-
perature of at least about 25° C., more preferably of at least
about42° C., and even more preferably of atleast about 68° C.
In a preferred embodiment, wash steps will occur at 25° C. in
30 mM NaCl, 3 mM trisodium citrate, and 0.1% SDS. In a
more preferred embodiment, wash steps will occur at 42 C in
15 mM NaCl, 1.5 mM trisodium citrate, and 0.1% SDS. In a
more preferred embodiment, wash steps will occur at 68° C.
in 15 mM NaCl, 1.5 mM trisodium citrate, and 0.1% SDS.
Additional variations on these conditions will be readily
apparent to those skilled in the art. Hybridization techniques
are well known to those skilled in the art and are described, for
example, in Benton and Davis (Science 196:180, 1977);
Grunstein and Hogness (Proc. Natl. Acad. Sci., USA
72:3961, 1975); Ausubel et al. (Current Protocols in Molecu-
lar Biology, Wiley Interscience, New York, 2001); Berger and
Kimmel (Guide to Molecular Cloning Techniques, 1987,
Academic Press, New York); and Sambrook et al., Molecular
Cloning: A Laboratory Manual, Cold Spring Harbor Labora-
tory Press, New York.

[0072] By “substantially identical” is meant a polypeptide
or nucleic acid molecule exhibiting at least 50% identity to a
reference amino acid sequence (for example, any one of the
amino acid sequences described herein) or nucleic acid
sequence (for example, any one of the nucleic acid sequences
described herein). Preferably, such a sequence is at least 60%,
more preferably 80% or 85%, and more preferably 90%, 95%
or even 99% identical at the amino acid level or nucleic acid
to the sequence used for comparison.

[0073] Sequence identity is typically measured using
sequence analysis software (for example, Sequence Analysis
Software Package of the Genetics Computer Group, Univer-
sity of Wisconsin Biotechnology Center, 1710 University
Avenue, Madison, Wis. 53705, BLAST, BESTFIT, GAP, or
PILEUP/PRETTYBOX programs). Such software matches
identical or similar sequences by assigning degrees of homol-
ogy to various substitutions, deletions, and/or other modifi-
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cations. Conservative substitutions typically include substi-
tutions within the following groups: glycine, alanine; valine,
isoleucine, leucine; aspartic acid, glutamic acid, asparagine,
glutamine; serine, threonine; lysine, arginine; and phenylala-
nine, tyrosine. In an exemplary approach to determining the
degree of identity, a BLAST program may be used, with a
probability score between e~ and ¢ indicating a closely
related sequence.

[0074] By “subject” is meant a mammal, including, but not
limited to, a human or non-human mammal, such as a bovine,
equine, canine, ovine, or feline.

[0075] Ranges provided herein are understood to be short-
hand for all of the values within the range. For example, a
range of 1 to 50 is understood to include any number, com-
bination of numbers, or sub-range from the group consisting
1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17, 18, 19, 20,
21,22,23,24,25,26,27,28,29,30,31,32,33,34, 35,36, 37,
38,39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, or 50.

[0076] As used herein, the terms “treat,” treating,” “treat-
ment,” and the like refer to reducing or ameliorating a disor-
der and/or symptoms associated therewith. It will be appre-
ciated that, although not precluded, treating a disorder or
condition does not require that the disorder, condition or
symptoms associated therewith be completely eliminated.
[0077] Unless specifically stated or obvious from context,
as used herein, the term “or” is understood to be inclusive.
Unless specifically stated or obvious from context, as used
herein, the terms “a”, “an”, and “the” are understood to be
singular or plural.

[0078] Unless specifically stated or obvious from context,
as used herein, the term “about” is understood as within a
range of normal tolerance in the art, for example within 2
standard deviations of the mean. About can be understood as
within 10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%, 1%, 0.5%,
0.1%, 0.05%, or 0.01% of the stated value. Unless otherwise
clear from context, all numerical values provided herein are
modified by the term about.

[0079] The recitation of a listing of chemical groups in any
definition of a variable herein includes definitions of that
variable as any single group or combination of listed groups.
The recitation of an embodiment for a variable or aspect
herein includes that embodiment as any single embodiment
or in combination with any other embodiments or portions
thereof.

[0080] Any compositions or methods provided herein can
be combined with one or more of any of the other composi-
tions and methods provided herein.

2 .

BRIEF DESCRIPTION OF THE DRAWINGS

[0081] FIG.1 shows atable ofcell lines as described herein.
Each cohort was composed of at least one affected individual
with genetically and clinically verified FSHD (designated A
or B), and at least one unaffected first degree relative with
unshortened D474 alleles and normal strength (designated U
orV).

DETAILED DESCRIPTION OF THE INVENTION

[0082] The invention provides compositions and methods
that are useful treating Facioscapulohumeral muscular dys-
trophy (FSHD), and methods of identifying new treatments
for FSHD.

[0083] The invention is based, at least in part, on the dis-
covery of genes whose expression is aberrantly regulated in
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cells derived from subjects having FSHD (e.g., genes listed in
Tables 2 and 4). In certain embodiments, a subset of genes is
identified whose expression is most robustly altered in FSHD
affected subjects (e.g. 20 genes in Table 2 with smallest
p-values among those genes upregulated in FSHD and 20
genes in Table 2 with smallest p-values among those genes
downregulated in FSHD). Genes whose expression is altered
in FSHD are useful as biomarkers in methods for diagnosing
or characterizing FSHD. Thus, the invention provides panels
comprising FSHD biomarkers, as well as polynucleotide and
polypeptide microarrays comprising such biomarkers.
[0084] The discovery of FSHD biomarkers was made pos-
sible using a unique collection of cultured cells derived from
the skeletal muscles of subjects affected by FSHD, as well as
of their first degree relatives. These “FSHD paired cultures”
provide a unique advantage not only in identifying genes that
are aberrantly regulated in FSHD, but also in identifying
and/or assessing the efficacy of therapeutic agents useful in
ameliorating FSHD or symptoms thereof. These FSHD
paired cultures provide a unique advantage over other cells
derived from FSHD affected subjects because they control for
familial relationships by comparing expression differences in
related FSHD affected subjects and controls, thereby dimin-
ishing the effects of interindividual variation on gene expres-
sion. Therefore, the expression differences observed between
FSHD and control muscles in these FSHD paired cultures
likely reflect true pathogenic gene expression profiles suit-
able for developing into disease biomarkers. The invention
further provides screening methods using collections of
FSHD paired cultures to identify agents that modify the
expression of genes and/or proteins that are aberrantly regu-
lated in FSHD.

[0085] In other embodiments, the invention provides pairs
of chimeric mice, wherein one member of the pair comprises
cells derived from a subject affected by FSHD, and the other
member of the pair comprises a cell derived from a first
degree relative of the subject. In other embodiments, the
invention provides two, three, four or more mice, where one
mouse comprises cells from an FSHD affected subject, and
the other mice comprises cells derived from one or more of
the first degree relatives of that subject. Preferably, certain
skeletal muscle cells of the mouse are derived from an FSHD
subject or first degree relative of such a subject. Thus, the
invention provides a mouse model that is uniquely suited for
the identification and characterization of agents useful in
treating and/or ameliorating FSHD, and or symptoms thereof.
[0086] In still other embodiments, the invention provides
panels of biomarkers comprising at least 2, 3, 5, 10, 15, 20, or
more of the genes listed in Table 2 or 4. In one embodiment,
the panel comprises those genes identified as upregulated in
FSHD. In another embodiment, the panel comprises those
genes identified as downregulated in FSHD.

Facioscapulohumeral Muscular Dystrophy

[0087] Facioscapulohumeral muscular dystrophy (FSHD)
is an autosomal dominant muscular dystrophy affecting
approximately 1 in 7,000-20,000 individuals. It is character-
ized by progressive weakness and wasting of facial, shoulder
girdle and upper arm muscles from which the disease takes its
name, and also trunk, hip and leg muscles in some patients.
One of the hallmarks of FSHD is asymmetrical and selective
degeneration of skeletal muscles. For example, biceps muscle
is involved early and severely, whereas the proximal deltoid
muscle is relatively spared. The underlying mechanism of this
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distinctive sparing of certain muscle types is unknown. In
addition to muscle degeneration, abnormalities in retinal vas-
culature and hearing loss are observed in up to 49% and 64%
respectively in some populations.

[0088] FSHD is caused by partial deletion of a critical
number of repeat elements within the highly polymorphic
macrosatellite D474 on the subtelomeric region of chromo-
some 4q. In unaffected individuals, the D474 array consists
of'11to 100 repeats (corresponding to EcoRI fragments of 41
to 350 kb), whereas FSHD patients carry 1 to 10 repeats
(corresponding to EcoRI fragments of 10 to 35 kb). Longer
residual repeat sizes are often associated with later onset or
milder disease severity. In addition to reduction of the tan-
demly arranged D474 3.3 kb repeat units, the disease causing
deletions must occur on chromosomal allele 4 gA, whereas
deletions on the equally common 4 gB allele do not result in
FSHD. Although the genetic lesion responsible for 95% of
FSHD cases was identified two decades ago, the molecular
mechanisms leading to disease progression have long been
controversial. The predominantly held position-effect varie-
gation hypothesis proposed that contraction of the D474
repeats induces derepression of one or more genes adjacent to
D474 with myopathic potential. Several genes (FRGI,
FRG2, SLC25A4) residing in the vicinity of D474 have been
evaluated using various quantitative approaches by numerous
studies but no consistent deregulation of these genes have
been demonstrated in human muscle (Winokur et al., (2003)
Hum Genet, 12, 2895-2907; Osborne (2007) Neurology, 68,
569-577; Masny et al., (2010) Eur J Hum Genet, 18, 448-
456).

DUX4

[0089] Several studies have demonstrated the myopathic
potential of DUX4, a gene located within each repeat ele-
ment, in skeletal muscle cells. Overexpression of DUX4, as a
result of chromatin relaxation within D474, was initially
proposed to induce toxicity to muscle cells, potentially lead-
ing to muscle degeneration in vivo. Subsequent studies dem-
onstrated further evidence to support this finding. Recently,
genetic analysis of rare families carrying translocations
between 4q and 10q chromosomes identified single nucle-
otide polymorphisms (SNPs) in the pL.AM region adjacent to
the distal D474 repeat that segregate with FSHD. These SNPs
create a canonical polyadenylation signal on the permissive
chromosomal allele, whereas the non-permissive alleles lack
these SNPs. DUX4 transcripts expressed from the distal-most
repeat extends into the pLLAM sequence and are polyadeny-
lated when the poly(A) signal SNPs are incorporated into the
transcripts, thus increasing their intracellular stability.
DUX4, a double homeodomain containing protein, shares
similarities with transcription factors PAX3 and PAX7 and is
proposed to interfere with transcriptional networks regulated
by PAX3/7. It has yet to be determined whether DUX4 over-
expression results in global gene misexpression, and in par-
ticular it is of considerable interest to determine whether the
expression of PAX3/7 target genes are compromised in
FSHD muscles, as these transcription factors play an impor-
tant role in muscle development and maintenance. In view of
these findings, agents that reduce DUX4 expression are of
interest in treating FSHD and/or ameliorating symptoms
associated with FSHD. The analysis of such agents has been
hampered by the lack of suitable in vitro and in vivo models
systems useful for assaying the efficacy of such agents on
FSHD. Thus, the invention provides cell and animal models
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useful for analysing the agents that treat FSHD. In particular,
FSHD paired cultures are useful for analysing the effect of
such agents on the expression of genes that are aberrantly
regulated in FSHD. In other embodiments, chimeric FSHD
mice of the invention are useful for assaying the efficacy of
such agents on muscle cells affected with FSHD. In particu-
lar, the invention provides methods for assaying the effects of
agents that reduce DUX4 expression on genes that are aber-
rantly regulated in FSHD (e.g., genes listed in Table 2 or 4).

FSHD Cell Cultures and Collections

[0090] While the results reported herein provide specific
examples of the isolation of muscle cells from subjects iden-
tified as having FSHD (or their first degree relatives) during
the course of a muscle biopsy, the invention is not so limited.
The unpurified source of cells for use in the methods of the
invention may be any tissue known in the art obtained from an
FSHD subject, although preferably, muscle cells derived
from FSHD affected subjects are used. In various embodi-
ments, cells of the invention are isolated from muscle tissue
whose biological function is reduced in FSHD (e.g., adult
biceps or deltoid skeletal muscles). In one embodiment, the
FSHD subject is identified as having a contracted 4q D474
region in combination with a 4 gA telomeric allele and the
first degree relative is identified as lacking such genetic
abnormalities.

[0091] The invention provides for the generation of pri-
mary muscle cell cultures. Such cultures are obtained by
enzymatic dissociation of the tissue using, for example, col-
lagenase IV, dispase and other enzymes known in the art. The
cells can be selected against dead cells, by employing dyes
associated with dead cells such as propidium iodide (PI).
Preferably, the cells are collected in a medium comprising
fetal calf' serum (FCS) or bovine serum albumin (BSA) or any
other suitable, preferably sterile, isotonic medium. Dissoci-
ated cells are cultured under standard conditions using cell
culture media (e.g., Ham’s F10 medium supplemented with
fetal bovine serum and/or chicken embryo extract) suitable
for maintaining cultures of primary muscle cells. Examples of
suitable media for incubating cells of the invention include,
but are not limited to, Dulbecco’s Modified Eagle Medium
(DMEM), RPMI media or other medias known in the art. The
media may be supplemented with fetal calf serum (FCS) or
fetal bovine serum (FBS), as well as antibiotics, growth fac-
tors, amino acids, inhibitors or the like, which is well within
the general knowledge of the skilled artisan.

[0092] Cultures are expanded to increase cell number (e.g.,
to about 50%, 60%, 70%, 80% confluence). Cells are har-
vested and selected for myogenic cells using standard meth-
ods. Such methods include a positive selection for cells
expressing one or more myogenic markers. Monoclonal anti-
bodies are particularly useful for identifying markers associ-
ated with the desired cells. If desired, negative selection meth-
ods can be used in conjunction with the methods of the
invention to reduce the number of irrelevant cells present in a
population of cells selected for a myogenic phenotype.
[0093] Inone approach, fluorescence-activated cell sorting
(FACS) is carried out to identify cells that are positive for
human CD56 (BD Biosciences), MYOD, PAX7, or MYFS. In
another approach, magnetic-activated cell sorting (MACS) is
used to select for the desired cell type. Other procedures
which may be used for selection of cells of interest include,
but are not limited to, fluorescence based cell sorting, density
gradient centrifugation, flow cytometry, magnetic separation
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with antibody-coated magnetic beads, cytotoxic agents
joined to or used in conjunction with a mAb, including, but
not limited to, complement and cytotoxins; and panning with
antibody attached to a solid matrix or any other convenient
technique.

[0094] CDS56-positive myogenic cells obtained by FACS
are incubated in culture. Cells derived from the skeletal
muscles of subjects affected by FSHD, as well as of their first
degree relatives are termed “FSHD paired cultures.” In one
embodiment, such paired cultures are useful in identifying
markers that are aberrantly regulated in FSHD. In another
embodiment, such cells are useful in identifying and/or
assessing the efficacy of therapeutic agents useful in amelio-
rating FSHD or symptoms thereof. These FSHD paired cul-
tures provide for the analysis of expression differences in
related FSHD affected subjects and controls, thereby dimin-
ishing the effects of interindividual variation on gene expres-
sion.

[0095] Selected cells of the invention may be employed in
methods of the invention following isolation and/or growth in
vitro.

[0096] In one approach, the invention provides paired cell
cultures, where one culture is derived from a subject having
FSHD and the other culture is obtained from a first degree
relative of the subject. Such paired cell cultures comprise
skeletal muscle cells isolated from the subject or his relative
during muscle biopsy. Such cells are then cultured in vitro to
obtain sufficient cells for drug screening or marker expression
analysis. The invention further provides a collection of such
paired cell cultures. Desirably, the collection includes cell
samples from two, three, four, five, six, seven, eight, nine, ten
or more FSHD affected subjects and paired control cultures
obtained from one or more of the subjects first degree rela-
tives. In certain embodiments, the invention provides a frozen
collection of cells suitable for paired culture. Frozen cell
compositions typically comprise cryoprotective agents that
provide for cell viability when the cells are frozen for a period
of months or years and then subsequently thawed.

FSHD Chimeric Animals

[0097] The invention further provides chimeric animals
that comprise human cells obtained from an FSHD affected.
Preferably, the invention provides pairs of chimeric mice,
wherein one member of the pair comprises human cells
obtained from an FSHD affected and the other member of the
pair comprises human cells obtained from a first degree rela-
tive of the FSHD affected.

[0098] Inoneembodiment, skeletal muscle cells of amouse
are injured or destroyed, for example, using cardiotoxin. The
skeletal muscle cells of the injured mouse are replaced with at
least about 10%, 20%, 30%, 50%, 75% or even 100% human
cells derived from an FSHD subject. In one embodiment, the
mouse’s endogenous tibialis anterior is replaced, at least to
some degree, with human muscle cells derived from an FSHD
affected or a first degree relative thereof. If desired, such cells
are genetically modified to express a detectable reporter (e.g.,
GFP, YFP, RFP, luciferase).

[0099] In one embodiment, the method provides chimeric
animals, wherein one animal comprises cells of an FSHD
affected and one or more other animals comprises cells of a
first degree relative of the affected individual. Such chimeric
animals are useful in identifying markers that are aberrantly
regulated in FSHD. The invention provides a collection of
such paired chimeric mice. Desirably, the collection includes
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cell samples from two, three, four, five, six, seven, eight, nine,
ten or more FSHD affected subjects and paired control chi-
meric mice comprising cells obtained from one or more of the
subjects’ first degree relatives.

Diagnostics

[0100] The present invention features diagnostic assays for
the detection of FSHD or the propensity to develop such
conditions. In one embodiment, levels of any one or more of
the markers listed in Table 2 or 4 are measured in a subject
sample and used to characterize FSHD or the propensity to
develop FSHD. In other embodiments, levels of markers
listed in Table 2 or 4, are characterized in a subject sample.
Standard methods may be used to measure levels of a marker
in any biological sample. Biological samples include tissue
samples (e.g., cell samples, biopsy samples) or biological
fluid samples that include markers of the invention (e.g.,
blood, serum, plasma, urine). Methods for measuring levels
of polypeptide biomarkers of the invention (e.g., markers
listed in Table 2 or 4) include immunoassay, ELISA, western
blotting and radioimmunoassay. The increase in marker lev-
els may be altered (e.g., increased, decreased) by at least
about 10%, 25%, 50%, 75% or more relative to levels of
markers found in a corresponding control sample (e.g.,
samples obtained from a normal subject unaffected by
FSHD). In one embodiment, any increase or decrease in a
marker of the invention, i.e., a marker listed in Table 2 or 4, is
indicative of FSHD.

[0101] Any suitable method can be used to detect one or
more of the markers described herein. Successtful practice of
the invention can be achieved with one or a combination of
methods that can detect and, preferably, quantify the markers.
These methods include, without limitation, hybridization-
based methods, including those employed in biochip arrays,
mass spectrometry (e.g., laser desorption/ionization mass
spectrometry), fluorescence (e.g. sandwich immunoassay),
surface plasmon resonance, ellipsometry and atomic force
microscopy. Expression levels of markers (e.g., polynucle-
otides or polypeptides) are compared by procedures well
known in the art, such as RT-PCR, Northern blotting, Western
blotting, flow cytometry, immunocytochemistry, binding to
magnetic and/or antibody-coated beads, in situ hybridization,
fluorescence in situ hybridization (FISH), flow chamber
adhesion assay, ELISA, microarray analysis, or colorimetric
assays. Methods may further include, one or more of electro-
spray ionization mass spectrometry (ESI-MS), ESI-MS/MS,
ESI-MS/(MS)n, matrix-assisted laser desorption ionization
time-of-flight mass spectrometry (MALDI-TOF-MS), sur-
face-enhanced laser desorption/ionization time-of-flight
mass spectrometry (SELDI-TOF-MS), desorption/ionization
on silicon (DIOS), secondary ion mass spectrometry (SIMS),
quadrupole time-of-flight (Q-TOF), atmospheric pressure
chemical ionization mass spectrometry (APCI-MS), APCI-
MS/MS, APCI-(MS)n, atmospheric pressure photoionization
mass spectrometry (APPI-MS), APPI-MS/MS, and APPI-
(MS)n, quadrupole mass spectrometry, fourier transform
mass spectrometry (FITMS), and ion trap mass spectrometry,
where n is an integer greater than zero.

[0102] Detection methods may include use of a biochip
array. Biochip arrays useful in the invention include protein
and polynucleotide arrays. One or more markers are captured
on the biochip array and subjected to analysis to detect the
level of the markers in a sample.
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[0103] Markers may be captured with capture reagents
immobilized to a solid support, such as a biochip, a multiwell
microtiter plate, a resin, or a nitrocellulose membrane that is
subsequently probed for the presence or level of a marker.
Capture can be on a chromatographic surface or a biospecific
surface. For example, a sample containing the markers, such
as serum, may be used to contact the active surface of a
biochip for a sufficient time to allow binding. Unbound mol-
ecules are washed from the surface using a suitable eluant,
such as phosphate buffered saline. In general, the more strin-
gent the eluant, the more tightly the proteins must be bound to
be retained after the wash.

[0104] Upon capture on a biochip, analytes can be detected
by a variety of detection methods selected from, for example,
a gas phase ion spectrometry method, an optical method, an
electrochemical method, atomic force microscopy and aradio
frequency method. In one embodiment, mass spectrometry,
and in particular, SELDI, is used. Optical methods include,
for example, detection of fluorescence, luminescence, chemi-
luminescence, absorbance, reflectance, transmittance, bire-
fringence or refractive index (e.g., surface plasmon reso-
nance, ellipsometry, a resonant mirror method, a grating
coupler waveguide method or interferometry). Optical meth-
ods include microscopy (both confocal and non-confocal),
imaging methods and non-imaging methods. Immunoassays
in various formats (e.g., ELISA) are popular methods for
detection of analytes captured on a solid phase. Electrochemi-
cal methods include voltametry and amperometry methods.
Radio frequency methods include multipolar resonance spec-
troscopy.

[0105] Mass spectrometry (MS) is a well-known tool for
analyzing chemical compounds. Thus, in one embodiment,
the methods of the present invention comprise performing
quantitative MS to measure the serum peptide marker. The
method may be performed in an automated (Villanueva, etal.,
Nature Protocols (2006) 1(2):880-891) or semi-automated
format. This can be accomplished, for example with MS
operably linked to a liquid chromatography device (LC-MS/
MS or LC-MS) or gas chromatography device (GC-MS or
GC-MS/MS). Methods for performing MS are known in the
field and have been disclosed, for example, in US Patent
Application Publication Nos: 20050023454; 20050035286;
U.S. Pat. No. 5,800,979 and references disclosed therein.

[0106] The protein fragments, whether they are peptides
derived from the main chain of the protein or are residues of
a side-chain, are collected on the collection layer. They may
then be analyzed by a spectroscopic method based on matrix-
assisted laser desorption/ionization (MALDI) or electrospray
ionization (ESI). The preferred procedure is MALDI with
time of flight (TOF) analysis, known as MALDI-TOF MS.
This involves forming a matrix on the membrane, e.g. as
described in the literature, with an agent which absorbs the
incident light strongly at the particular wavelength employed.
The sample is excited by UV, or IR laser light into the vapour
phase in the MALDI mass spectrometer. lons are generated
by the vaporization and form an ion plume. The ions are
accelerated in an electric field and separated according to
their time of travel along a given distance, giving a mass/
charge (m/z) reading which is very accurate and sensitive.
MALDI spectrometers are commercially available from Per-
Septive Biosystems, Inc. (Frazingham, Mass., USA) and are
described in the literature, e.g. M. Kussmann and P. Roep-
storff, cited above.
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[0107] Magnetic-based serum processing can be combined
with traditional MALDI-TOF. Through this approach,
improved peptide capture is achieved prior to matrix mixture
and deposition of the sample on MALDI target plates.
Accordingly, methods of peptide capture are enhanced
through the use of derivatized magnetic bead based sample
processing.

[0108] MALDI-TOF MS allows scanning of the fragments
of many proteins at once. Thus, many proteins can be run
simultaneously on a polyacrylamide gel, subjected to a
method of the invention to produce an array of spots on the
collecting membrane, and the array may be analyzed. Subse-
quently, automated output of the results is provided by using
the ExPASy server, as at present used for MIDI-TOF MS and
to generate the data in a form suitable for computers.

[0109] Other techniques for improving the mass accuracy
and sensitivity of the MALDI-TOF MS can be used to ana-
lyze the fragments of protein obtained on the collection mem-
brane. These include the use of delayed ion extraction, energy
reflectors and ion-trap modules. In addition, post source
decay and MS-MS analysis are useful to provide further
structural analysis. With ESI, the sample is in the liquid phase
and the analysis can be by ion-trap, TOF, single quadrupole or
multi-quadrupole mass spectrometers. The use of such
devices (other than a single quadrupole) allows MS-MS or
MS’ analysis to be performed. Tandem mass spectrometry
allows multiple reactions to be monitored at the same time.
[0110] Capillary infusion may be employed to introduce
the marker to a desired MS implementation, for instance,
because it can efficiently introduce small quantities of a
sample into a mass spectrometer without destroying the
vacuum. Capillary columns are routinely used to interface the
ionization source of a MS with other separation techniques
including gas chromatography (GC) and liquid chromatogra-
phy (LC). GC and L.C can serve to separate a solution into its
different components prior to mass analysis. Such techniques
are readily combined with MS, for instance. One variation of
the technique is that high performance liquid chromatogra-
phy (HPLC) can now be directly coupled to mass spectrom-
eter for integrated sample separation/and mass spectrometer
analysis.

[0111] Quadrupole mass analyzers may also be employed
as needed to practice the invention. Fourier-transform ion
cyclotron resonance (FITMS) can also be used for some inven-
tion embodiments. It offers high resolution and the ability of
tandem MS experiments. FTMS is based on the principle of a
charged particle orbiting in the presence of a magnetic field.
Coupled to ESTand MALDI, FTMS offers high accuracy with
errors as low as 0.001%.

[0112] Inone embodiment, the marker qualification meth-
ods ofthe invention may further comprise identifying signifi-
cant peaks from combined spectra. The methods may also
further comprise searching for outlier spectra. In another
embodiment, the method of the invention further comprises
determining distant dependent K-nearest neighbors.

[0113] In another embodiment of the method of the inven-
tion, an ion mobility spectrometer can be used to detect and
characterize FSHD markers. The principle of ion mobility
spectrometry is based on different mobility of ions. Specifi-
cally, ions of a sample produced by ionization move at dif-
ferent rates, due to their difference in, e.g., mass, charge, or
shape, through a tube under the influence of an electric field.
The ions (typically in the form of a current) are registered at
the detector which can then be used to identify a marker or

Jun. 9, 2016

other substances in a sample. One advantage of ion mobility
spectrometry is that it can operate at atmospheric pressure.
[0114] In an additional embodiment of the methods of the
present invention, multiple markers are measured. The use of
multiple markers increases the predictive value of the test and
provides greater utility in diagnosis, toxicology, patient strati-
fication and patient monitoring. The process called “Pattern
recognition” detects the patterns formed by multiple markers
greatly improves the sensitivity and specificity of clinical
proteomics for predictive medicine. Subtle variations in data
from clinical samples indicate that certain patterns of protein
expression can predict phenotypes such as the presence or
absence of FSHD.

[0115] Expression levels of particular nucleic acids or
polypeptides are correlated with FSHD, and thus are useful in
diagnosis. Antibodies that bind a polypeptide described
herein, oligonucleotides or longer fragments derived from a
nucleic acid sequence described herein (e.g., one or more
Markers listed in Table 2 or 4), or any other method known in
the art may be used to monitor expression of a polynucleotide
or polypeptide of interest. Detection of an alteration relative
to a normal, reference sample can be used as a diagnostic
indicator of FSHD. In particular embodiments, the expres-
sion of one or more Markers listed in Table 2 or 4 is indicative
of FSHD or the propensity to develop FSHD. In other
embodiments, a 2, 3, 4, 5, or 6-fold change in the level of a
marker of the invention is indicative of FSHD. In yet another
embodiment, an expression profile that characterizes alter-
ations in the expression of two, three, four, five, ten, fifteen,
twenty, thirty, or forty markers is correlated with a particular
disease state (e.g., FSHD). Such correlations are indicative of
FSHD or the propensity to develop FSHD. In one embodi-
ment, FSHD can be monitored using the methods and com-
positions of the invention.

[0116] In one embodiment, the level of one or more mark-
ers is measured on at least two different occasions and an
alteration in the levels as compared to normal reference levels
over time is used as an indicator of FSHD or the propensity to
develop FSHD. The level of marker in a subject having FSHD
or the propensity to develop such a condition may be altered
by as little as 10%, 20%, 30%, or 40%, or by as much as 50%,
60%, 70%, 80%, or 90% or more relative to the level of such
marker in a normal control. In general, levels of Markers
listed in Table 2 or 4 are present at low or undetectable levels
in a healthy subject (i.e., those who do not have and/or who
will not develop FSHD). In one embodiment, a subject
sample of a skeletal muscle (e.g., bicep) is collected prior to
the onset of symptoms of FSHD or early on in the progression
of FSHD.

[0117] The diagnostic methods described herein can be
used individually or in combination with any other diagnostic
method described herein for a more accurate diagnosis of the
presence or severity of FSHD.

[0118] The diagnostic methods described herein can also
be used to monitor and manage FSHD, or to reliably distin-
guish FSHD from other degenerative diseases or diseases
having symptoms that are similar to or overlap with FSHD.
[0119] As indicated above, the invention provides methods
for aiding a muscular dystrophy (e.g., FSHD) diagnosis using
one or more markers, as specified herein. These markers can
be used alone, in combination with other markers in any set,
or with entirely different markers in aiding human muscular
dystrophy (e.g., FSHD) diagnosis. The markers are differen-
tially present in samples of a human FSHD patient and a
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normal subject (e.g., first degree relative of an FSHD subject)
in whom FSHD is undetectable. Therefore, detection of one
or more of these markers in a person would provide useful
information regarding the probability that the person may
have FSHD or have a propensity to develop FSHD.

[0120] The detection of one or more peptide marker is then
correlated with a probable diagnosis of FSHD. In some
embodiments, the detection of the mere presence of a marker
(e.g., amarker listed in Table 2 or 4), without quantifying the
amount thereof, is useful and can be correlated with a prob-
able diagnosis of FSHD. The measurement of markers may
also involve quantifying the markers to correlate the detection
of markers with a probable diagnosis of FSHD. Thus, if the
amount of the markers detected in a subject being tested is
different compared to a control amount (i.e., higher or lower
than the control), then the subject being tested has a higher
probability of having FSHD.

[0121] The correlation may take into account the amount of
the marker or markers in the sample compared to a control
amount of the marker or markers (e.g., in normal subjects). A
control can be, e.g., the average or median amount of marker
present in comparable samples of normal subjects. The con-
trol amount is measured under the same or substantially simi-
lar experimental conditions as in measuring the test amount.
As a result, the control can be employed as a reference stan-
dard, where each result can be compared to that standard,
rather than re-running a control.

[0122] Accordingly, a marker profile may be obtained from
a subject sample and compared to a reference marker profile,
so that it is possible to classify the subject as having or not
having FSHD. The correlation may take into account the
presence or absence of the markers in a test sample and the
frequency of detection of the same markers in a control. The
correlation may take into account both of such factors to
facilitate determination of FSHD status.

[0123] In certain embodiments of the invention, the meth-
ods further comprise managing subject treatment based on
the status.

[0124] The markers of the present invention have a number
of'other uses. For example, they can be used to identify agents
useful in methods of treating or ameliorating FSHD. In yet
another example, the markers can be used in heredity studies.
For instance, certain markers associated with FSHD may be
genetically associated with the disease. This can be deter-
mined by, e.g., analyzing samples from a population of
human subjects whose families have a history of FSHD. The
results can then be compared with data obtained from, e.g.,
subjects whose families do not have a history of FSHD. The
markers that are genetically linked may be used as a tool to
determine if a subject whose family has a history of FSHD is
pre-disposed to having FSHD.

[0125] While individual markers are useful diagnostic
markers, in some instances, a combination of markers pro-
vides greater predictive value than a single marker alone. The
detection of a plurality of markers (or absence thereof, as the
case may be) in a sample can increase the percentage of true
positive and true negative diagnoses and decrease the percent-
age of false positive or false negative diagnoses. Thus, pre-
ferred methods of the present invention comprise the mea-
surement of more than one marker.

Microarrays

[0126] As reported herein, a number of markers (e.g., a
marker listed in Table 2 or 4) have been identified that are
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associated with FSHD. Methods for assaying the expression
of these polypeptides are useful for characterizing FSHD. In
particular, the invention provides diagnostic methods and
compositions useful for identifying a polypeptide expression
profile that identifies a subject as having or having a propen-
sity to develop FSHD. Such assays can be used to measure an
alteration in the level of a polypeptide.

[0127] The polypeptides and nucleic acid molecules of the
invention are useful as hybridizable array elements in a
microarray. The array elements are organized in an ordered
fashion such that each element is present at a specified loca-
tion on the substrate. Useful substrate materials include mem-
branes, composed of paper, nylon or other materials, filters,
chips, glass slides, and other solid supports. The ordered
arrangement of the array elements allows hybridization pat-
terns and intensities to be interpreted as expression levels of
particular genes or proteins. Methods for making nucleic acid
microarrays are known to the skilled artisan and are
described, for example, in U.S. Pat. No. 5,837,832, Lockhart,
et al. (Nat. Biotech. 14:1675-1680, 1996), and Schena, et al.
(Proc. Natl. Acad. Sci. 93:10614-10619, 1996), herein incor-
porated by reference. Methods for making polypeptide
microarrays are described, for example, by Ge (Nucleic Acids
Res. 28: €3. i-e3. vii, 2000), MacBeath et al., (Science 289:
1760-1763,2000), Zhu et al. (Nature Genet. 26:283-289), and
in U.S. Pat. No. 6,436,665, hereby incorporated by reference.

Protein Microarrays

[0128] Proteins (e.g., proteins encoded by genes listed in
Table 2 or 4) may be analyzed using protein microarrays.
Such arrays are useful in high-throughput low-cost screens to
identify alterations in the expression or post-translation
modification of a polypeptide of the invention, or a fragment
thereof. In particular, such microarrays are useful to identify
a protein whose expression is altered in FSHD. In one
embodiment, a protein microarray of the invention binds a
marker present in a subject sample and detects an alteration in
the level of the marker. Typically, a protein microarray fea-
tures a protein, or fragment thereof, bound to a solid support.
Suitable solid supports include membranes (e.g., membranes
composed of nitrocellulose, paper, or other material), poly-
mer-based films (e.g., polystyrene), beads, or glass slides. For
some applications, proteins (e.g., antibodies that bind a
marker of the invention) are spotted on a substrate using any
convenient method known to the skilled artisan (e.g., by hand
or by inkjet printer).

[0129] The protein microarray is hybridized with a detect-
able probe. Such probes can be polypeptide, nucleic acid
molecules, antibodies, or small molecules. For some applica-
tions, polypeptide and nucleic acid molecule probes are
derived from a biological sample taken from a patient, such as
a homogenized tissue sample (e.g. a tissue sample obtained
by muscle biopsy); or a cell isolated from a patient sample.
Probes can also include antibodies, candidate peptides,
nucleic acids, or small molecule compounds derived from a
peptide, nucleic acid, or chemical library. Hybridization con-
ditions (e.g., temperature, pH, protein concentration, and
ionic strength) are optimized to promote specific interactions.
Such conditions are known to the skilled artisan and are
described, for example, in Harlow, E. and Lane, D., Using
Antibodies: A Laboratory Manual. 1998, New York: Cold
Spring Harbor Laboratories. After removal of non-specific
probes, specifically bound probes are detected, for example,
by fluorescence, enzyme activity (e.g., an enzyme-linked
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calorimetric assay), direct immunoassay, radiometric assay,
or any other suitable detectable method known to the skilled
artisan.

Nucleic Acid Microarrays

[0130] To produce a nucleic acid microarray, oligonucle-
otides may be synthesized or bound to the surface of a sub-
strate using a chemical coupling procedure and an ink jet
application apparatus, as described in PCT application
WO95/251116 (Baldeschweiler et al.), incorporated herein
by reference. Alternatively, a gridded array may be used to
arrange and link cDNA fragments or oligonucleotides to the
surface of a substrate using a vacuum system, thermal, UV,
mechanical or chemical bonding procedure.

[0131] A nucleicacid molecule (e.g. RNA or DNA) derived
from a biological sample may be used to produce a hybrid-
ization probe as described herein. The biological samples are
generally derived from a patient, as a tissue sample (e.g. a
tissue sample obtained by muscle biopsy). For some applica-
tions, cultured cells or other tissue preparations may be used.
The mRNA is isolated according to standard methods, and
c¢DNA is produced and used as a template to make comple-
mentary RNA suitable for hybridization. Such methods are
known in the art. The RNA is amplified in the presence of
fluorescent nucleotides, and the labeled probes are then incu-
bated with the microarray to allow the probe sequence to
hybridize to complementary oligonucleotides bound to the
microarray.

[0132] Incubation conditions are adjusted such that hybrid-
ization occurs with precise complementary matches or with
various degrees of less complementarity depending on the
degree of stringency employed. For example, stringent salt
concentration will ordinarily be less than about 750 mM NaCl
and 75 mM trisodium citrate, preferably less than about 500
mM NaCl and 50 mM trisodium citrate, and most preferably
less than about 250 mM NaCl and 25 mM trisodium citrate.
Low stringency hybridization can be obtained in the absence
of organic solvent, e.g., formamide, while high stringency
hybridization can be obtained in the presence of at least about
35% formamide, and most preferably at least about 50%
formamide. Stringent temperature conditions will ordinarily
include temperatures of at least about 30 C., more preferably
ofatleastabout37 C., and most preferably of at least about 42
C. Varying additional parameters, such as hybridization time,
the concentration of detergent, e.g., sodium dodecyl sulfate
(SDS), and the inclusion or exclusion of carrier DNA, are well
known to those skilled in the art. Various levels of stringency
are accomplished by combining these various conditions as
needed. In a preferred embodiment, hybridization will occur
at 30 C in 750 mM NaCl, 75 mM trisodium citrate, and 1%
SDS. In a more preferred embodiment, hybridization will
occur at 37 C. in 500 mM NaCl, 50 mM trisodium citrate, 1%
SDS, 35% formamide, and 100 pg/ml denatured salmon
sperm DNA (ssDNA). In a most preferred embodiment,
hybridization will occur at 42 C in 250 mM NaCl, 25 mM
trisodium citrate, 1% SDS, 50% formamide, and 200 pg/ml
ssDNA. Useful variations on these conditions will be readily
apparent to those skilled in the art.

[0133] The removal of nonhybridized probes may be
accomplished, for example, by washing. The washing steps
that follow hybridization can also vary in stringency. Wash
stringency conditions can be defined by salt concentration
and by temperature. As above, wash stringency can be
increased by decreasing salt concentration or by increasing
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temperature. For example, stringent salt concentration for the
wash steps will preferably be less than about 30 mM NaCl and
3 mM trisodium citrate, and most preferably less than about
15 mM NaCl and 1.5 mM trisodium citrate. Stringent tem-
perature conditions for the wash steps will ordinarily include
a temperature of at least about 25 C., more preferably of at
least about 42° C., and most preferably of at least about 68 C.
In apreferred embodiment, wash steps will occurat 25 C in 30
mM NaCl, 3 mM trisodium citrate, and 0.1% SDS. In a more
preferred embodiment, wash steps will occur at 42 C in 15
mM NaCl, 1.5 mM trisodium citrate, and 0.1% SDS. In a
most preferred embodiment, wash steps will occur at 68 C in
15 mM NaCl, 1.5 mM trisodium citrate, and 0.1% SDS.
Additional variations on these conditions will be readily
apparent to those skilled in the art.

[0134] A detection system may be used to measure the
absence, presence, and amount of hybridization for all of the
distinct nucleic acid sequences simultaneously (e.g., Heller et
al., Proc. Natl. Acad. Sci. 94:2150-2155, 1997). Preferably, a
scanner is used to determine the levels and patterns of fluo-
rescence.

Diagnostic Kits

[0135] The invention provides kits for diagnosing or moni-
toring FSHD. In one embodiment, the kit includes a compo-
sition containing at least one agent that binds a polypeptide or
polynucleotide whose expression is increased in FSHD. In
another embodiment, the invention provides a kit that con-
tains an agent that binds a nucleic acid molecule whose
expression is altered in FSHD. In some embodiments, the kit
comprises a sterile container which contains the binding
agent; such containers can be boxes, ampoules, bottles, vials,
tubes, bags, pouches, blister-packs, or other suitable con-
tainer forms known in the art. Such containers can be made of
plastic, glass, laminated paper, metal foil, or other materials
suitable for holding medicaments.

[0136] If desired the kit is provided together with instruc-
tions forusing thekit to diagnose FSHD. The instructions will
generally include information about the use of the composi-
tion for diagnosing a subject as having FSHD or having a
propensity to develop FSHD. In other embodiments, the
instructions include at least one of the following: description
of the binding agent; warnings; indications; counter-indica-
tions; animal study data; clinical study data; and/or refer-
ences. The instructions may be printed directly on the con-
tainer (when present), or as a label applied to the container, or
as a separate sheet, pamphlet, card, or folder supplied in or
with the container.

Screening Assays

[0137] As discussed herein, the expression of genes listed
in Tables 2 and 4 is altered in FSHD. Based on this discovery,
compositions of the invention are useful for the high-through-
put low-cost screening of candidate agents to identify those
that modulate the expression of genes that are aberrantly
expressed in FSHD. In one embodiment, the effects of can-
didate agents on genes expressed in Tables 2 and 4 are assayed
using microarrays, cell compositions, and/or chimeric ani-
mals of the invention.

[0138] Those genes identified in Tables 2 or 4 whose
expression is inappropriately increased in FSHD are targets
for therapeutic intervention. The genes TRIM43 and
PRAMEF1 are of particular interest. The inappropriate acti-
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vation of one or more genes unregulated in FSHD likely
contributes to the pathology observed in FSHD. Therefore,
agents that reduce the expression of genes that are over-
expressed in FSHD are useful in the methods of the invention.
Such agents include, for example, inhibitory nucleic acids
that reduce or eliminate the expression of such genes, as well
as proteins (e.g., antibodies and fragments thereof) and small
compounds that interfere with the expression or biological
activity of the genes or the proteins that they encode. The
present methods can be used to identify such agents.

[0139] Those genes identified in Table 2 or 4 whose expres-
sion is inappropriately decreased in FSHD are also targets for
therapeutic intervention. Such agents include, for example,
small compounds that increase the biological activity or
expression of a gene listed in Table 2 or 4 or of the protein that
gene encodes. In other embodiments, agents (e.g., expression
vectors encoding proteins downregulated in FSHD) are use-
ful to increase the expression of such genes, particularly in
skeletal muscle. Such expression would be expected to ame-
liorate FSHD or symptoms associated with FSHD. The
present methods can be used to identify such agents.

[0140] A number of methods are available for carrying out
screening assays to identify candidate agents that reduce the
expression of genes that are overexpressed in FSHD, or that
increase the expression of a gene that is downregulated in
FSHD. In one example, candidate agents are added at varying
concentrations to the culture medium of cultured cells (e.g.,
FSHD paired cultures) expressing one of the nucleic acid
sequences of the invention. Gene expression is then mea-
sured, for example, by microarray analysis, Northern blot
analysis (Ausubel et al., supra), reverse transcriptase PCR,
quantitative real-time PCR, or any other method known in the
art using any appropriate fragment prepared from the nucleic
acid molecule as a hybridization probe. The level of gene
expression in the FSHD derived cells in the presence of the
candidate agent is compared to the level measured in a control
culture. In one embodiment, the control culture is a culture of
FSHD derived cells that lack the agent. In another embodi-
ment, the control culture is the paired culture of cells obtained
from a first degree relative of the FSHD affected. An agent
that normalizes or promotes the normalization of expression
of aberrantly regulated genes is considered useful in the
invention. Such an agent may be used, for example, as a
therapeutic to treat FSHD in a human patient. An agent that
“normalizes” the expression of an aberrantly regulated gene
restores the expression of that gene to a level that is substan-
tially normal. An agent that “promotes normalization”
reduces the extent of the disregulation.

[0141] In one example, the effect of candidate agents is
measured at the level of polypeptide production using the
same general approach and standard immunological tech-
niques, such as Western blotting or immunoprecipitation with
an antibody specific for a polypeptide encoded by a gene
listed in Table 2 or 4. For example, immunoassays may be
used to detect or monitor the expression of at least one of the
polypeptides of the invention in an organism. Polyclonal or
monoclonal antibodies, (produced as described above) that
are capable of binding to such a polypeptide may be used in
any standard immunoassay format (e.g., ELISA, Western
blot, or RIA assay) to measure the level of the polypeptide. In
some embodiments, a agent that normalizes or promotes nor-
malization of the expression or biological activity of an aber-
rantly regulated polypeptide is considered useful. Again, such
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an agent may be used, for example, as a therapeutic to delay,
ameliorate, or treat FSHD disorder, or the symptoms of
FSHD, in a human patient.

[0142] In yet another working example, candidate agents
may be screened for those that specifically bind to a polypep-
tide encoded by a gene listed in Table 2 or 4. The efficacy of
such a candidate agent is dependent upon its ability to interact
with such a polypeptide or a functional equivalent thereof.
Such an interaction can be readily assayed using any number
of standard binding techniques and functional assays (e.g.,
those described in Ausubel et al., supra). In one embodiment,
a candidate agent may be tested in vitro for its ability to
specifically bind a polypeptide of the invention. In another
embodiment, a candidate agent is tested for its ability to
normalize or promote the normalization of the biological
activity of a polypeptide described herein. The biological
activity of a polypeptide may be assayed using any standard
method.

[0143] In another example, a gene described herein (e.g.,
listed in Table 2 or 4) is expressed as a transcriptional or
translational fusion with a detectable reporter, and expressed
in an isolated cell (e.g., mammalian or insect cell) under the
control of a heterologous promoter, such as an inducible
promoter. The cell expressing the fusion protein is then con-
tacted with a candidate agent, and the expression of the
detectable reporter in that cell is compared to the expression
of the detectable reporter in an untreated control cell. A can-
didate agent that alters (e.g., normalizes or promotes normal-
ization) the expression of the detectable reporter is an agent
that is useful for the treatment of FSHD. In preferred embodi-
ments, the candidate agent increases the expression of a
reporter gene fused to a gene that is downregulated in FSHD.
[0144] In one particular working example, a candidate
agent that binds to a polypeptide encoded by a gene listed in
Table 2 or 4 may be identified using a chromatography-based
technique. For example, a recombinant polypeptide of the
invention may be purified by standard techniques from cells
engineered to express the polypeptide (e.g., those described
above) and may be immobilized on a column. A solution of
candidate agents is then passed through the column, and an
agent specific for the polypeptide encoded by a nucleic acid
molecule listed in Table 2 or 4 is identified on the basis of its
ability to bind to the polypeptide and be immobilized on the
column. To isolate the agent, the column is washed to remove
non-specifically bound molecules, and the agent of interest is
then released from the column and collected. Similar methods
may be used to isolate an agent bound to a polypeptide
microarray. Agents isolated by this method (or any other
appropriate method) may, if desired, be further purified (e.g.,
by high performance liquid chromatography). In addition,
these candidate agents may be tested for their ability to
increase the activity of gene whose expression is downregu-
lated in FSHD. Agents isolated by this approach may also be
used, for example, as therapeutics to treat FSHD in a human
patient. Agents that are identified as binding to a polypeptide
of'the invention with an affinity constant less than or equal to
10 mM are considered particularly useful in the invention.
Alternatively, any in vivo protein interaction detection sys-
tem, for example, any two-hybrid assay may be utilized.
[0145] Potential agonists and antagonists include organic
molecules, peptides, peptide mimetics, polypeptides, nucleic
acid molecules, and antibodies that bind to a nucleic acid
sequence or polypeptide of the invention. (e.g., those listed in
Table 2 or 4). For those nucleic acid molecules or polypep-
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tides whose expression is decreased in a patient having
FSHD, agonists would be particularly useful in the methods
of'the invention. For those nucleic acid molecules or polypep-
tides whose expression is increased in a patient having FSHD,
antagonists would be particularly useful in the methods of the
invention.

[0146] Each of the DNA sequences identified herein may
be used in the discovery and development of a therapeutic
agent for the treatment of FSHD. The encoded protein, upon
expression, can be used as a target for the screening of drugs.
Additionally, the DNA sequences encoding the amino termi-
nal regions of the encoded protein or Shine-Delgarno or other
translation facilitating sequences of the respective mRNA can
be used to construct sequences that promote the expression of
the coding sequence of interest. Such sequences may be iso-
lated by standard techniques (Ausubel et al., supra). Option-
ally, agents identified in any of the above-described assays
may be confirmed as useful in cell culture or in a chimeric
animal of the invention. Small molecules of the invention
preferably have a molecular weight below 2,000 daltons,
more preferably between 300 and 1,000 daltons, and most
preferably between 400 and 700 daltons. It is preferred that
these small molecules are organic molecules.

Test Agents and Extracts

[0147] In general, agents capable of normalizing or pro-
moting the normalization of expression of a gene listed in
Table 2 or 4 are identified from large libraries of both natural
product or synthetic (or semi-synthetic) extracts or chemical
libraries or from polypeptide or nucleic acid libraries (e.g.,
Table 2 or 4), according to methods known in the art. Those
skilled in the field of drug discovery and development will
understand that the precise source of test extracts or agents is
not critical to the screening procedure(s) of the invention.
Agents used in screens may include known agents (for
example, known therapeutics used for other diseases or dis-
orders). Alternatively, virtually any number of unknown
chemical extracts or agents can be screened using the meth-
ods described herein. Examples of such extracts or agents
include, but are not limited to, plant-, fungal-, prokaryotic- or
animal-based extracts, fermentation broths, and synthetic
agents, as well as modification of existing agents. Numerous
methods are also available for generating random or directed
synthesis (e.g., semi-synthesis or total synthesis) of any num-
ber of chemical agents, including, but not limited to, saccha-
ride-, lipid-, peptide-, and nucleic acid-based agents. Syn-
thetic agent libraries are commercially available from
Brandon Associates (Merrimack, N.H.) and Aldrich Chemi-
cal (Milwaukee, Wis.). Alternatively, libraries of natural
agents in the form of bacterial, fungal, plant, and animal
extracts are commercially available from a number of
sources, including Biotics (Sussex, UK), Xenova (Slough,
UK), Harbor Branch Oceangraphics Institute (Ft. Pierce,
Fla.), and PharmaMar, U.S.A. (Cambridge, Mass.). In addi-
tion, natural and synthetically produced libraries are pro-
duced, if desired, according to methods known in the art, e.g.,
by standard extraction and fractionation methods. Further-
more, if desired, any library or agent is readily modified using
standard chemical, physical, or biochemical methods.

[0148] Inaddition, those skilled in the art of drug discovery
and development readily understand that methods for derep-
lication (e.g., taxonomic dereplication, biological dereplica-
tion, and chemical dereplication, or any combination thereof)
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or the elimination of replicates or repeats of materials already
known for their activity should be employed whenever pos-
sible.

[0149] When a crude extract is found to normalize or pro-
mote normalization of the activity of a polypeptide that is
aberrantly regulated in FSHD, further fractionation of the
positive lead extract is necessary to isolate chemical constitu-
ents responsible for the observed effect. Thus, the goal of the
extraction, fractionation, and purification process is the care-
ful characterization and identification of a chemical entity
within the crude extract that increases the expression or activ-
ity of the polypeptide. Methods of fractionation and purifica-
tion of such heterogenous extracts are known in the art. If
desired, agents shown to be useful as therapeutics for the
treatment of human FSHD are chemically modified accord-
ing to methods known in the art.

Inhibitory Nucleic Acids

[0150] Inhibitory nucleic acid molecules are those oligo-
nucleotides that inhibit the expression or activity of a
polypeptide that is overexpressed in FSHD (e.g., a polypep-
tide encoded by a gene listed in Table 2 or 4). Such oligo-
nucleotides include single and double stranded nucleic acid
molecules (e.g., DNA, RNA, and analogs thereof) that bind a
nucleic acid molecule that encodes a polypeptide that is over-
expressed in FSHD (e.g., antisense molecules, siRNA,
shRNA) as well as nucleic acid molecules that bind directly to
the polypeptide to modulate its biological activity (e.g.,

aptamers).
[0151] MOE Gapmers
[0152] Inoneembodiment, the invention provides methods

for characterizing the effects of RNaseH1-activating anti-
sense oligonucleotides (ASO’s) (“MOE gapmers”) on mark-
ers of the invention. The RNAseH1 ASO chemistry provides
for a 20 nucleotide phosphorothioate backbone (5-10-5 gap-
mer). In particular, the oligonucleotide comprises five nucle-
otides at each end with the 2'-O-(2-methoxyethyl) (MOE)
modification and ten central deoxyribonucleotides for activa-
tion of RNase H1. In one embodiment, cells derived from an
FSHD affected and paired control cells are contacted with
ASO’s targeting DUX4. The effect of the downregulation of
DUX4 on markers of the invention (e.g., markers listed in
Table 2 or 4) is assayed. In another embodiment, a marker of
the invention (e.g., a marker upregulated in FSHD) is tar-
geted, and the effect of such targeting is assessed on the levels
of other markers of the invention.

[0153] siRNA

[0154] Short twenty-one to twenty-five nucleotide double-
stranded RN As are effective at down-regulating gene expres-
sion (Zamore et al., Cell 101: 25-33; Elbashir et al., Nature
411: 494-498, 2001, hereby incorporated by reference). The
therapeutic effectiveness of an sirNA approach in mammals
was demonstrated in vivo by McCaffrey et al. (Nature 418:
38-39.2002).

[0155] Given the sequence of a target gene, siRNAs may be
designed to inactivate that gene. Such siRNAs, for example,
could be administered directly to an affected tissue, or admin-
istered systemically. The nucleic acid sequence of a gene can
beused to design small interfering RNAs (siRNAs). The 21 to
25 nucleotide siRNAs may be used, for example, as therapeu-
tics to treat FSHD.

[0156] The inhibitory nucleic acid molecules of the present
invention may be employed as double-stranded RNAs for
RNA interference (RNAi)-mediated knock-down of expres-
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sion. In one embodiment, expression of a gene listed in Table
2 or 4 is reduced in a skeletal muscle cell. RNA1 is a method
for decreasing the cellular expression of specific proteins of
interest (reviewed in Tuschl, Chembiochem 2:239-245,2001;
Sharp, Genes & Devel. 15:485-490, 2000; Hutvagner and
Zamore, Curr. Opin. Genet. Devel. 12:225-232, 2002; and
Hannon, Nature 418:244-251, 2002). The introduction of
siRNAs into cells either by transfection of dsSRNAs or through
expression of siRNAs using a plasmid-based expression sys-
tem is increasingly being used to create loss-of-function phe-
notypes in mammalian cells.

[0157] In one embodiment of the invention, a double-
stranded RNA (dsRNA) molecule is made that includes
between eight and nineteen consecutive nucleobases of a
nucleobase oligomer of the invention. The dsRNA can be two
distinct strands of RNA that have duplexed, or a single RNA
strand that has self-duplexed (small hairpin (sh)RNA). Typi-
cally, dsRNAs are about 21 or 22 base pairs, but may be
shorter or longer (up to about 29 nucleobases) if desired.
dsRNA can be made using standard techniques (e.g., chemi-
cal synthesis or in vitro transcription). Kits are available, for
example, from Ambion (Austin, Tex.) and Epicentre (Madi-
son, Wis.). Methods for expressing dsRNA in mammalian
cells are described in Brummelkamp et al. Science 296:550-
553, 2002; Paddison et al. Genes & Devel. 16:948-958, 2002.
Paul et al. Nature Biotechnol. 20:505-508, 2002; Sui et al.
Proc. Natl. Acad. Sci. USA 99:5515-5520, 2002; Yu et al.
Proc. Natl. Acad. Sci. USA 99:6047-6052, 2002; Miyagishi et
al. Nature Biotechnol. 20:497-500, 2002; and Lee et al.
Nature Biotechnol. 20:500-505 2002, each of which is hereby
incorporated by reference.

[0158] Small hairpin RNAs (shRNAs) comprise an RNA
sequence having a stem-loop structure. A “stem-loop struc-
ture” refers to a nucleic acid having a secondary structure that
includes a region of nucleotides which are known or predicted
to form a double strand or duplex (stem portion) that is linked
on one side by a region of predominantly single-stranded
nucleotides (loop portion). The term “hairpin” is also used
herein to refer to stem-loop structures. Such structures are
well known in the art and the term is used consistently with its
known meaning in the art. As is known in the art, the second-
ary structure does not require exact base-pairing. Thus, the
stem can include one or more base mismatches or bulges.
Alternatively, the base-pairing can be exact, i.e. not include
any mismatches. The multiple stem-loop structures can be
linked to one another through a linker, such as, for example, a
nucleic acid linker, other molecule, or some combination
thereof.

[0159] As used herein, the term “small hairpin RNA”
includes a conventional stem-loop shRNA, which forms a
precursor miRNA (pre-miRNA). While there may be some
variation in range, a conventional stem-loop shRNA can com-
prise a stem ranging from 19 to 29 bp, and a loop ranging from
4 to 30 bp. “shRNA” also includes micro-RNA embedded
shRNAs (miRNA-based shRNAs), wherein the guide strand
and the passenger strand of the miRNA duplex are incorpo-
rated into an existing (or natural) miRNA or into a modified or
synthetic (designed) miRNA. In some instances the precursor
miRNA molecule can include more than one stem-loop struc-
ture. MicroRNAs are endogenously encoded RNA molecules
that are about 22-nucleotides long and generally expressed in
a highly tissue- or developmental-stage-specific fashion and
that post-transcriptionally regulate target genes. More than
200 distinct miRNAs have been identified in plants and ani-
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mals. These small regulatory RNAs are believed to serve
important biological functions by two prevailing modes of
action: (1) by repressing the translation of target mRNAs, and
(2) through RNA interference (RNAi), that is, cleavage and
degradation of mRNAs. In the latter case, miRNAs function
analogously to small interfering RNAs (siRNAs). Thus, one
can design and express artificial miRNAs based on the fea-
tures of existing miRNA genes.

[0160] shRNAs can be expressed from DNA vectors to
provide sustained silencing and high yield delivery into
almost any cell type. In some embodiments, the vector is a
viral vector. Exemplary viral vectors include retroviral,
including lentiviral, adenoviral, baculoviral and avian viral
vectors, and including such vectors allowing for stable,
single-copy genomic integrations. Retroviruses from which
the retroviral plasmid vectors can be derived include, but are
not limited to, Moloney Murine Leukemia Virus, spleen
necrosis virus, Rous sarcoma Virus, Harvey Sarcoma Virus,
avian leukosis virus, gibbon ape leukemia virus, human
immunodeficiency virus, Myeloproliferative Sarcoma Virus,
and mammary tumor virus. A retroviral plasmid vector can be
employed to transduce packaging cell lines to form producer
cell lines. Examples of packaging cells which can be trans-
fected include, but are not limited to, the PE501, PA317, R-2,
R-AM, PA12, T19-14x, VT-19-17-H2, RCRE, RCRIP,
GP+E-86, GP+envAm12, and DAN cell lines as described in
Miller, Human Gene Therapy 1:5-14 (1990), which is incor-
porated herein by reference in its entirety. The vector can
transduce the packaging cells through any means known in
the art. A producer cell line generates infectious retroviral
vector particles which include polynucleotide encoding a
DNA replication protein. Such retroviral vector particles then
can be employed, to transduce eukaryotic cells, either in vitro
or in vivo. The transduced eukaryotic cells will express a
DNA replication protein.

[0161] Catalytic RNA molecules or ribozymes that include
an antisense sequence of the present invention can be used to
inhibit expression of a nucleic acid molecule in vivo (e.g., a
nucleic acid molecule listed in Table 2 or 4). The inclusion of
ribozyme sequences within antisense RNAs confers RNA-
cleaving activity upon them, thereby increasing the activity of
the constructs. The design and use of target RNA-specific
ribozymes is described in Haseloff et al., Nature 334:585-
591. 1988, and U.S. Patent Application Publication No. 2003/
0003469 A1, each of which is incorporated by reference.

[0162] Accordingly, the invention also features a catalytic
RNA molecule that includes, in the binding arm, an antisense
RNA having between eight and nineteen consecutive nucleo-
bases. In preferred embodiments of this invention, the cata-
Iytic nucleic acid molecule is formed in a hammerhead or
hairpin motif. Examples of such hammerhead motifs are
described by Rossi et al., Aids Research and Human Retro-
viruses, 8:183,1992. Example of hairpin motifs are described
by Hampel et al., “RNA Catalyst for Cleaving Specific RNA
Sequences,” filed Sep. 20, 1989, which is a continuation-in-
part of U.S. Ser. No. 07/247,100 filed Sep. 20, 1988, Hampel
and Tritz, Biochemistry, 28:4929, 1989, and Hampel et al.,
Nucleic Acids Research, 18: 299, 1990. These specific motifs
are not limiting in the invention and those skilled in the art
will recognize that all that is important in an enzymatic
nucleic acid molecule of this invention is that it has a specific
substrate binding site which is complementary to one or more
of the target gene RNA regions, and that it have nucleotide
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sequences within or surrounding that substrate binding site
which impart an RNA cleaving activity to the molecule.
[0163] Essentially any method for introducing a nucleic
acid construct into cells can be employed. Physical methods
of introducing nucleic acids include injection of a solution
containing the construct, bombardment by particles covered
by the construct, soaking a cell, tissue sample or organism in
a solution of the nucleic acid, or electroporation of cell mem-
branes in the presence of the construct. A viral construct
packaged into a viral particle can be used to accomplish both
efficient introduction of an expression construct into the cell
and transcription of the encoded shRNA. Other methods
known in the art for introducing nucleic acids to cells can be
used, such as lipid-mediated carrier transport, chemical medi-
ated transport, such as calcium phosphate, and the like. Thus
the shRNA-encoding nucleic acid construct can be intro-
duced along with components that perform one or more of the
following activities: enhance RNA uptake by the cell, pro-
mote annealing of the duplex strands, stabilize the annealed
strands, or otherwise increase inhibition of the target gene.
[0164] For expression within cells, DNA vectors, for
example plasmid vectors comprising either an RNA poly-
merase II or RNA polymerase 111 promoter can be employed.
Expression of endogenous miRNAs is controlled by RNA
polymerase II (Pol II) promoters and in some cases, shRNAs
are most efficiently driven by Pol II promoters, as compared
to RNA polymerase 111 promoters (Dickins et al., 2005, Nat.
Genet. 39: 914-921). In some embodiments, expression of the
shRNA can be controlled by an inducible promoter or a
conditional expression system, including, without limitation,
RNA polymerase type 1l promoters. Examples of useful pro-
moters in the context of the invention are tetracycline-induc-
ible promoters (including TRE-tight), IPTG-inducible pro-
moters, tetracycline transactivator systems, and reverse
tetracycline transactivator (rtTA) systems. Constitutive pro-
moters can also be used, as can cell- or tissue-specific pro-
moters. Many promoters will be ubiquitous, such that they are
expressed in all cell and tissue types. A certain embodiment
uses tetracycline-responsive promoters, one of the most
effective conditional gene expression systems in in vitro and
in vivo studies. See International Patent Application PCT/
US2003/030901 (Publication No. WO 2004-029219 A2) and
Fewell et al., 2006, Drug Discovery Today 11: 975-982, for a
description of inducible shRNA.

Modified Nucleic Acids

[0165] At least two types of oligonucleotides induce the
cleavage of RNA by RNase H: polydeoxynucleotides with
phosphodiester (PO) or phosphorothioate (PS) linkages.
Although 2'-OMe-RNA sequences exhibit a high affinity for
RNA targets, these sequences are not substrates for RNase H.
A desirable oligonucleotide is one based on 2'-modified oli-
gonucleotides containing oligodeoxynucleotide gaps with
some or all internucleotide linkages modified to phospho-
rothioates for nuclease resistance. The presence of meth-
ylphosphonate modifications increases the affinity of the oli-
gonucleotide for its target RNA and thus reduces the 1Cy,.
This modification also increases the nuclease resistance of the
modified oligonucleotide. It is understood that the methods
and reagents of the present invention may be used in conjunc-
tion with any technologies that may be developed, including
covalently-closed multiple antisense (CMAS) oligonucle-
otides (Moon et al., Biochem J. 346:295-303, 2000; PCT
Publication No. WO 00/61595), ribbon-type antisense
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(RiAS) oligonucleotides (Moon et al., J. Biol. Chem. 275:
4647-4653, 2000; PCT Publication No. WO 00/61595), and
large circular antisense oligonucleotides (U.S. Patent Appli-
cation Publication No. US 2002/0168631 Al).

[0166] Asis known in the art, a nucleoside is a nucleobase-
sugar combination. The base portion of the nucleoside is
normally a heterocyclic base. The two most common classes
of such heterocyclic bases are the purines and the pyrim-
idines. Nucleotides are nucleosides that further include a
phosphate group covalently linked to the sugar portion of the
nucleoside. For those nucleosides that include a pentofurano-
syl sugar, the phosphate group can be linked to the 2', 3' or 5'
hydroxyl moiety of the sugar. In forming oligonucleotides,
the phosphate groups covalently link adjacent nucleosides to
one another to form a linear polymeric compound. In turn, the
respective ends of this linear polymeric structure can be fur-
ther joined to form a circular structure; open linear structures
are generally preferred. Within the oligonucleotide structure,
the phosphate groups are commonly referred to as forming
the backbone of the oligonucleotide. The normal linkage or
backbone of RNA and DNA is a 3' to 5' phosphodiester
linkage.

[0167] Specific examples of preferred nucleobase oligo-
mers useful in this invention include oligonucleotides con-
taining modified backbones or non-natural internucleoside
linkages. As defined in this specification, nucleobase oligo-
mers having modified backbones include those that retain a
phosphorus atom in the backbone and those that do not have
a phosphorus atom in the backbone. For the purposes of this
specification, modified oligonucleotides that do not have a
phosphorus atom in their internucleoside backbone are also
considered to be nucleobase oligomers.

[0168] Nucleobase oligomers that have modified oligo-
nucleotide backbones include, for example, phosphorothio-
ates, chiral phosphorothioates, phosphorodithioates, phos-
photriesters, aminoalkyl-phosphotriesters, methyl and other
alkyl phosphonates including 3'-alkylene phosphonates and
chiral phosphonates, phosphinates, phosphoramidates
including 3'-amino phosphoramidate and aminoalkylphos-
phoramidates, thionophosphoramidates, thionoalkylphos-
phonates, thionoalkylphosphotriest-ers, and boranophos-
phates having normal 3'-5' linkages, 2'-5' linked analogs of
these, and those having inverted polarity, wherein the adja-
cent pairs of nucleoside units are linked 3'-5'to 5'-3' or 2'-5'to
5'-2'. Various salts, mixed salts and free acid forms are also
included. Representative United States patents that teach the
preparation of the above phosphorus-containing linkages
include, but are not limited to, U.S. Pat. Nos. 3,687,808;
4,469,863; 4,476,301; 5,023,243; 5,177,196; 5,188,897,
5,264,423, 5,276,019, 5,278,302; 5,286,717; 5,321,131,
5,399,676; 5,405,939; 5,453,496, 5,455,233; 5,466,677,
5,476,925, 5,519,126; 5,536,821; 5,541,306; 5,550,111,
5,563,253; 5,571,799; 5,587,361; and 5,625,050, each of
which is herein incorporated by reference.

[0169] Nucleobase oligomers having modified oligonucle-
otide backbones that do not include a phosphorus atom
therein have backbones that are formed by short chain alkyl or
cycloalkyl internucleoside linkages, mixed heteroatom and
alkyl or cycloalkyl internucleoside linkages, or one or more
short chain heteroatomic or heterocyclic internucleoside link-
ages. These include those having morpholino linkages
(formed in part from the sugar portion of a nucleoside); silox-
ane backbones; sulfide, sulfoxide and sulfone backbones;
formacetyl and thioformacetyl backbones; methylene for-
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macetyl and thioformacetyl backbones; alkene containing
backbones; sulfamate backbones; methyleneimino and meth-
ylenehydrazino backbones; sulfonate and sulfonamide back-
bones; amide backbones; and others having mixed N, O, S
and CH.sub.2 component parts. Representative United States
patents that teach the preparation of the above oligonucle-
otides include, but are not limited to, U.S. Pat. Nos. 5,034,
506; 5,166,315, 5,185,444, 5,214,134; 5,216,141; 5,235,033;
5,264,562, 5,264,564; 5,405,938; 5,434,257, 5,466,677,
5,470,967, 5,489,677, 5,541,307, 5,561,225; 5,596,086;
5,602,240; 5,610,289; 5,602,240, 5,608,046; 5,610,289,
5,618,704, 5,623,070; 5,663,312, 5,633,360; 5,677,437; and
5,677,439, each of which is herein incorporated by reference.
[0170] In other nucleobase oligomers, both the sugar and
the internucleoside linkage, i.e., the backbone, are replaced
with novel groups. The nucleobase units are maintained for
hybridization with a gene listed in Table 2 or 4. One such
nucleobase oligomer, is referred to as a Peptide Nucleic Acid
(PNA). In PNA compounds, the sugar-backbone of an oligo-
nucleotide is replaced with an amide containing backbone, in
particular an aminoethylglycine backbone. The nucleobases
are retained and are bound directly or indirectly to aza nitro-
gen atoms of the amide portion of the backbone. Methods for
making and using these nucleobase oligomers are described,
for example, in “Peptide Nucleic Acids: Protocols and Appli-
cations” Ed. P. E. Nielsen, Horizon Press, Norfolk, United
Kingdom, 1999. Representative United States patents that
teach the preparation of PNAs include, but are not limited to,
U.S. Pat. Nos. 5,539,082; 5,714,331; and 5,719,262, each of
which is herein incorporated by reference. Further teaching of
PNA compounds can be found in Nielsen et al., Science,
1991, 254, 1497-1500.

[0171] In particular embodiments of the invention, the
nucleobase oligomers have phosphorothioate backbones and
nucleosides with heteroatom backbones, and in particular
—CH,—NH—0—CH,—, —CH,—N(CH;)—O—CH,—
(known as a methylene (methylimino) or MMI backbone),
—CH,—0O—N(CH,)—CH,—, —CH,—N(CH;)—N
(CH;)—CH,—, and —O—N(CH;)—CH,—CH,—. In
some embodiments, the oligonucleotides have morpholino
backbone structures described in U.S. Pat. No. 5,034,506.

[0172] Nucleobase oligomers may also contain one or more
substituted sugar moieties. Nucleobase oligomers comprise
one of the following at the 2' position: OH; F; O-, S-, or
N-alkyl; O-, S-, or N-alkenyl; O-, S- or N-alkynyl; or O-alkyl-
O-alkyl, wherein the alkyl, alkenyl, and alkynyl may be sub-
stituted or unsubstituted C, to C,, alkyl or C, to C,, alkenyl
and alkynyl. Particularly preferred are O[(CH,),0],CH;,
O(CH,),,OCH;, O(CH,),NH,, O(CH,),CH,;, O(CH,)
,ONH,, and O(CH,), ON[(CH,),,CH;)],, where n and m are
from 1 to about 10. Other preferred nucleobase oligomers
include one of the following at the 2' position: C, to C,, lower
alkyl, substituted lower alkyl, alkaryl, aralkyl, O-alkaryl, or
O-aralkyl, SH, SCH;, OCN, Cl, Br, CN, CF;, OCF,, SOCHj,,
SO,CH;, ONO,, NO,, NH,, heterocycloalkyl, heterocy-
cloalkaryl, aminoalkylamino, polyalkylamino, substituted
silyl, an RNA cleaving group, a reporter group, an intercala-
tor, a group for improving the pharmacokinetic properties of
anucleobase oligomer, or a group for improving the pharma-
codynamic properties of an nucleobase oligomer, and other
substituents having similar properties. Preferred modifica-
tions are 2'-O-methyl and 2'-methoxyethoxy (2'-O—
CH,CH,OCHj;, also known as 2'-O-(2-methoxyethyl) or
2'-MOE). Another desirable modification is 2'-dimethylami-
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nooxyethoxy (i.e., O(CH,),ON(CH;),), also known as
2'-DMAOE. Other modifications include, 2'-aminopropoxy
(2'-OCH,CH,CH,NH,) and 2'-fluoro (2'-F). Similar modifi-
cations may also be made at other positions on an oligonucle-
otide or other nucleobase oligomer, particularly the 3' posi-
tion of the sugar on the 3' terminal nucleotide or in 2'-5' linked
oligonucleotides and the 5' position of 5' terminal nucleotide.
Nucleobase oligomers may also have sugar mimetics such as
cyclobutyl moieties in place of the pentofuranosyl sugar.
Representative United States patents that teach the prepara-
tion of such modified sugar structures include, but are not
limited to, U.S. Pat. Nos. 4,981,957, 5,118,800, 5,319,080;
5,359,044, 5,393,878; 5,446,137, 5,466,786; 5,514,785,
5,519,134, 5,567,811; 5,576,427, 5,591,722; 5,597,909,
5,610,300; 5,627,053; 5,639,873; 5,646,265; 5,658,873;
5,670,633; and 5,700,920, each of which is herein incorpo-
rated by reference in its entirety.

[0173] Nucleobase oligomers may also include nucleobase
modifications or substitutions. As used herein, ‘“unmodified”
or “natural” nucleobases include the purine bases adenine (A)
and guanine (G), and the pyrimidine bases thymine (T),
cytosine (C) and uracil (U). Modified nucleobases include
other synthetic and natural nucleobases, such as 5-methylcy-
tosine (5-me-C), 5-hydroxymethyl cytosine, xanthine,
hypoxanthine, 2-aminoadenine, 6-methyl and other alkyl
derivatives of adenine and guanine; 2-propyl and other alkyl
derivatives of adenine and guanine; 2-thiouracil, 2-thiothym-
ine and 2-thiocytosine; 5-halouracil and cytosine; 5-propynyl
uracil and cytosine; 6-azo uracil, cytosine and thymine;
S-uracil (pseudouracil); 4-thiouracil; 8-halo, 8-amino,
8-thiol, 8-thioalkyl, 8-hydroxyl and other 8-substituted
adenines and guanines; 5-halo (e.g., 5-bromo), 5-trifluorom-
ethyl and other 5-substituted uracils and cytosines; 7-meth-
ylguanine and 7-methyladenine; 8-azaguanine and 8-azaad-
enine; 7-deazaguanine and 7-deazaadenine; and
3-deazaguanine and 3-deazaadenine. Further nucleobases
include those disclosed in U.S. Pat. No. 3,687,808, those
disclosed in The Concise Encyclopedia Of Polymer Science
And Engineering, pages 858-859, Kroschwitz, J. I, ed. John
Wiley & Sons, 1990, those disclosed by Englisch et al.,
Angewandte Chemie, International Edition, 1991, 30, 613,
and those disclosed by Sanghvi, Y. S., Chapter 15, Antisense
Research and Applications, pages 289-302, Crooke, S.T. and
Lebleu, B., ed., CRC Press, 1993. Certain of these nucleo-
bases are particularly useful for increasing the binding affin-
ity of an antisense oligonucleotide of the invention. These
include S-substituted pyrimidines, 6-azapyrimidines, and
N-2, N-6 and 0-6 substituted purines, including 2-aminopro-
pyladenine, S-propynyluracil and S-propynylcytosine. 5-me-
thylcytosine substitutions have been shown to increase
nucleic acid duplex stability by 0.6-1.2.degree. C. (Sanghvi,
Y. S., Crooke, S. T. and Lebleu, B., eds., Antisense Research
and Applications, CRC Press, Boca Raton, 1993, pp. 276-
278) and are desirable base substitutions, even more particu-
larly when combined with 2'-O-methoxyethyl or 2'-O-methyl
sugar modifications. Representative United States patents
that teach the preparation of certain of the above noted modi-
fied nucleobases as well as other modified nucleobases
include U.S. Pat. Nos. 4,845,205; 5,130,302; 5,134,066,
5,175,273, 5,367,066, 5,432,272; 5,457,187, 5,459,255,
5,484,908, 5,502,177, 5,525,711, 5,552,540; 5,587,469;
5,594,121, 5,596,091; 5,614,617, 5,681,941, and 5,750,692,
each of which is herein incorporated by reference.
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[0174] Another modification of a nucleobase oligomer of
the invention involves chemically linking to the nucleobase
oligomer one or more moieties or conjugates that enhance the
activity, cellular distribution, or cellular uptake of the oligo-
nucleotide. Such moieties include but are not limited to lipid
moieties such as a cholesterol moiety (Letsinger et al., Proc.
Natl. Acad. Sci. USA, 86:6553-6556, 1989), cholic acid
(Manoharan et al., Bioorg. Med. Chem. Let, 4:1053-1060,
1994), a thioether, e.g., hexyl-S-tritylthiol (Manoharan et al.,
Ann. N.Y. Acad. Sci., 660:306-309, 1992; Manoharan et al.,
Bioorg. Med. Chem. Let., 3:2765-2770, 1993), a thiocholes-
terol (Oberhauser etal., Nucl. Acids Res., 20:533-538: 1992),
an aliphatic chain, e.g., dodecandiol or undecyl residues (Sai-
son-Behmoaras et al., EMBO 1., 10:1111-1118, 1991;
Kabanov et al., FEBS Lett., 259:327-330, 1990; Svinarchuk
et al., Biochimie, 75:49-54, 1993), a phospholipid, e.g., di-
hexadecyl-rac-glycerol or triethylammonium 1,2-di-0-hexa-
decyl-rac-glycero-3-H-phosphonate (Manoharan et al., Tet-
rahedron Lett., 36:3651-3654, 1995; Shea et al., Nucl. Acids
Res., 18:3777-3783, 1990), a polyamine or a polyethylene
glycol chain (Manoharan et al., Nucleosides & Nucleotides,
14:969-973, 1995), or adamantane acetic acid (Manoharan et
al., Tetrahedron Lett., 36:3651-3654, 1995), a palmityl moi-
ety (Mishra et al., Biochim. Biophys. Acta, 1264:229-237,
1995), or an octadecylamine or hexylamino-carbonyl-oxyc-
holesterol moiety (Crooke et al., J. Pharmacol. Exp. Ther.,
277:923-937, 1996. Representative United States patents that
teach the preparation of such nucleobase oligomer conjugates
include U.S. Pat. Nos. 4,587,044, 4,605,735, 4,667,025,
4,762,779, 4,789,737; 4,824,941, 4,828,979; 4,835,263,
4,876,335, 4,904,582; 4,948,882; 4,958,013; 5,082,830;
5,109,124; 5,112,963; 5,118,802; 5,138,045; 5,214,136;
5,218,105; 5,245,022; 5,254,469, 5,258,506; 5,262,536;
5,272,250, 5,292,873; 5,317,098; 5,371,241, 5,391,723,
5,414,077, 5,416,203, 5,451,463; 5,486,603; 5,510,475,
5,512,439; 5,512,667, 5,514,785; 5,525,465; 5,541,313,
5,545,730, 5,552,538; 5,565,552; 5,567,810; 5,574,142
5,578,717, 5,578,718; 5,580,731; 5,585,481; 5,587,371,
5,591,584, 5,595,726, 5,597,696, 5,599,923; 5,599,928,
5,608,046; and 5,688,941, each of which is herein incorpo-
rated by reference.

[0175] The present invention also includes nucleobase oli-
gomers that are chimeric compounds. “Chimeric” nucleobase
oligomers are nucleobase oligomers, particularly oligonucle-
otides, that contain two or more chemically distinct regions,
each made up of at least one monomer unit, i.e., a nucleotide
in the case of an oligonucleotide. These nucleobase oligomers
typically contain at least one region where the nucleobase
oligomer is modified to confer, upon the nucleobase oligo-
mer, increased resistance to nuclease degradation, increased
cellular uptake, and/or increased binding affinity for the target
nucleic acid. An additional region of the nucleobase oligomer
may serve as a substrate for enzymes capable of cleaving
RNA:DNA or RNA:RNA hybrids. By way of example,
RNase H is a cellular endonuclease which cleaves the RNA
strand of an RNA:DNA duplex. Activation of RNase H, there-
fore, results in cleavage of the RNA target, thereby greatly
enhancing the efficiency of nucleobase oligomer inhibition of
gene expression. Consequently, comparable results can often
be obtained with shorter nucleobase oligomers when chi-
meric nucleobase oligomers are used, compared to phospho-
rothioate deoxyoligonucleotides hybridizing to the same tar-
get region.
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[0176] Chimeric nucleobase oligomers of the invention
may be formed as composite structures of two or more
nucleobase oligomers as described above. Such nucleobase
oligomers, when oligonucleotides, have also been referred to
in the art as hybrids or gapmers. Representative United States
patents that teach the preparation of such hybrid structures
include U.S. Pat. Nos. 5,013,830, 5,149,797, 5,220,007,
5,256,775, 5,366,878; 5,403,711; 5,491,133; 5,565,350,
5,623,065; 5,652,355; 5,652,356; and 5,700,922, each of
which is herein incorporated by reference in its entirety.

[0177] The nucleobase oligomers used in accordance with
this invention may be conveniently and routinely made
through the well-known technique of solid phase synthesis.
Equipment for such synthesis is sold by several vendors
including, for example, Applied Biosystems (Foster City,
Calif.). Any other means for such synthesis known in the art
may additionally or alternatively be employed. It is well
known to use similar techniques to prepare oligonucleotides
such as the phosphorothioates and alkylated derivatives.

[0178] The nucleobase oligomers of the invention may also
be admixed, encapsulated, conjugated or otherwise associ-
ated with other molecules, molecule structures or mixtures of
compounds, as for example, liposomes, receptor targeted
molecules, oral, rectal, topical or other formulations, for
assisting in uptake, distribution and/or absorption. Represen-
tative United States patents that teach the preparation of such
uptake, distribution and/or absorption assisting formulations
include U.S. Pat. Nos. 5,108,921; 5,354,844, 5,416,016;
5,459,127, 5,521,291; 5,543,158; 5,547,932; 5,583,020,
5,591,721, 4,426,330; 4,534,899, 5,013,556; 5,108,921,
5,213,804; 5,227,170; 5,264,221; 5,356,633; 5,395,619;
5,416,016; 5,417,978; 5,462,854; 5,469,854; 5,512,295,
5,527,528, 5,534,259; 5,543,152, 5,556,948; 5,580,575; and
5,595,756, each of which is herein incorporated by reference.

Delivery of Polynucleotides

[0179] Naked polynucleotides, or analogs thereof, are
capable of entering mammalian cells and inhibiting expres-
sion of a gene of interest. Nonetheless, it may be desirable to
utilize a formulation that aids in the delivery of oligonucle-
otides or other nucleobase oligomers to cells (see, e.g., U.S.
Pat. Nos. 5,656,611, 5,753,613, 5,785,992, 6,120,798, 6,221,
959, 6,346,613, and 6,353,055, each of which is hereby incor-
porated by reference).

Polynucleotide Therapy for FSHD

[0180] Polynucleotide therapy is one therapeutic approach
for preventing or ameliorating FSHD associated with the
reduced expression of a nucleic acid molecule listed in Table
2 or 4. Such nucleic acid molecules can be delivered to cells
that lack sufficient, normal protein expression or biological
activity. The nucleic acid molecules must be delivered to
those cells in a form in which they can be taken up by the cells
and so that sufficient levels of protein can be produced to
increase protein expression or function in a patient having
FSHD.

[0181] Transducing viral (e.g., retroviral, adenoviral, and
adeno-associated viral) vectors can be used for somatic cell
gene therapy, especially because of their high efficiency of
infection and stable integration and expression (see, e.g.,
Cayouette et al., Human Gene Therapy 8:423-430, 1997,
Kido et al, Current Eye Research 15:833-844, 1996;
Bloomer et al., Journal of Virology 71:6641-6649, 1997,
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Naldini et al., Science 272:263-267, 1996; and Miyoshi et al.,
Proc. Natl. Acad. Sci. U.S.A. 94:10319, 1997). For example,
afull length gene (e.g., a nucleic acid molecule listed in Table
2 or 4), or a portion thereof, can be cloned into a retroviral
vector and expression can be driven from its endogenous
promoter, from a retroviral long terminal repeat, or from a
promoter specific for a target cell type of interest (e.g., a
skeletal muscle cell). Promoters useful in the methods of the
invention include, for example, myoD.

[0182] Other viral vectors that can be used include, for
example, a vaccinia virus, a bovine papilloma virus, or a
herpes virus, such as Epstein-Barr Virus (also see, for
example, the vectors of Miller, Human Gene Therapy 15-14,
1990; Friedman, Science 244:1275-1281, 1989; Eglitis et al.,
BioTechniques 6:608-614, 1988; Tolstoshev et al., Current
Opinion in Biotechnology 1:55-61, 1990; Sharp, The Lancet
337:1277-1278, 1991, Cornetta et al., Nucleic Acid Research
and Molecular Biology 36:311-322, 1987; Anderson, Sci-
ence 226:401-409, 1984; Moen, Blood Cells 17:407-416,
1991; Miller et al., Biotechnology 7:980-990, 1989; Le Gal
La Salle et al., Science 259:988-990, 1993; and Johnson,
Chest 107:778-838S, 1995). Retroviral vectors are particularly
well developed and have been used in clinical settings
(Rosenberg et al., N. Engl. J. Med 323:370, 1990; Anderson
etal., U.S.Pat. No. 5,399,346). Most preferably, a viral vector
is used to administer the gene of interest (e.g., nucleic acid
molecules listed in Table 2 or 4) systemically or to a skeletal
muscle.

[0183] Non-viral approaches can also be employed for the
introduction of therapeutic agent to a cell of an FSHD
affected. For example, a nucleic acid molecule can be intro-
duced into a cell by administering the nucleic acid in the
presence of lipofection (Feigner et al., Proc. Natl. Acad. Sci.
U.S.A. 84:7413, 1987, Ono et al.,, Neuroscience Letters
17:259,1990; Brighametal., Am.J. Med. Sci. 298:278, 1989;
Staubinger et al., Methods in Enzymology 101:512, 1983),
asialoorosomucoid-polylysine conjugation (Wu et al., Jour-
nal of Biological Chemistry 263:14621, 1988; Wu et al,,
Journal of Biological Chemistry 264:16985, 1989), or by
micro-injection under surgical conditions (Wolff et al., Sci-
ence 247:1465, 1990). Preferably the nucleic acids are
administered in combination with a liposome and protamine.
[0184] Gene transfer can also be achieved using non-viral
means involving transfection in vitro. Such methods include
the use of calcium phosphate, DEAE dextran, electropora-
tion, and protoplast fusion. Liposomes can also be potentially
beneficial for delivery of DNA into a cell. Transplantation of
normal genes into the affected tissues of a patient can also be
accomplished by transferring a normal nucleic acid into a
cultivatable cell type ex vivo (e.g., an autologous or heterolo-
gous primary cell or progeny thereof), after which the cell (or
its descendants) are injected into a targeted tissue.

[0185] cDNA expression for use in gene therapy methods
can be directed from any suitable promoter (e.g., the human
cytomegalovirus (CMV), simian virus 40 (SV40), or metal-
lothionein promoters), and regulated by any appropriate
mammalian regulatory element. For example, if desired,
enhancers known to preferentially direct gene expression in
specific cell types, such as cells of the central nervous system
or their associated glial cells, can be used to direct the expres-
sion of a nucleic acid. The enhancers used can include, with-
out limitation, those that are characterized as tissue- or cell-
specific enhancers. Alternatively, if a genomic clone is used
as a therapeutic construct, regulation can be mediated by the
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cognate regulatory sequences or, if desired, by regulatory
sequences derived from a heterologous source, including any
of the promoters or regulatory elements described above.
[0186] Another therapeutic approach included in the inven-
tion involves administration of a recombinant therapeutic,
such as a recombinant polypeptide encoded by a gene down-
regulated in FSHD. In one embodiment, the protein is either
administered directly to a disecase-affected tissue (for
example, by injection into the muscle) or systemically (for
example, by any conventional recombinant protein adminis-
tration technique). The dosage of the administered protein
depends on a number of factors, including the size and health
of the individual patient. For any particular subject, the spe-
cific dosage regimes should be adjusted over time according
to the individual need and the professional judgement of the
person administering or supervising the administration of the
compositions. Generally, between 0.1 mg and 100 mg, is
administered per day to an adult in any pharmaceutically
acceptable formulation.

Pharmaceutical Therapeutics

[0187] The invention provides a simple means for identify-
ing agents (including nucleic acid molecules, inhibitory
nucleic acid molecules, peptides, small molecules, and
mimetics) capable of acting as therapeutics for the treatment
of FSHD. Accordingly, a chemical entity discovered to have
medicinal value using the methods described herein is useful
as a drug or as information for structural modification of
existing agents, e.g., by rational drug design.

[0188] For therapeutic uses, the agents identified using the
methods disclosed herein may be administered systemically,
for example, formulated in a pharmaceutically-acceptable
buffer such as physiological saline. Preferable routes of
administration include, for example, subcutaneous, intrave-
nous, interperitoneally, intramuscular, or intradermal injec-
tions that provide continuous, sustained levels of the drug in
the patient. Treatment of human patients or other animals will
be carried out using a therapeutically effective amount of
FSHD therapeutic in a physiologically-acceptable carrier.
Suitable carriers and their formulation are described, for
example, in Remington’s Pharmaceutical Sciences by E. W.
Martin. The amount of the therapeutic agent to be adminis-
tered varies depending upon the manner of administration,
the age and body weight of the patient, and with the clinical
symptoms of FSHD. An agent is administered at a dosage that
controls the clinical or physiological symptoms of FSHD as
determined by clinical evaluation or by a diagnostic method
of the invention that assays the expression of a nucleic acid
molecule listed in Table 2 or 4, or the biological activity of a
polypeptide encoded by such a nucleic acid molecule.

Formulation of Pharmaceutical Compositions

[0189] The administration of an agent for the treatment of
FSHD may be by any suitable means that results in a concen-
tration of the therapeutic that, combined with other compo-
nents, is effective in ameliorating, reducing, or stabilizing
FSHD. The agent may be contained in any appropriate
amount in any suitable carrier substance, and is generally
present in an amount of 1-95% by weight of the total weight
of the composition. The composition may be provided in a
dosage form that is suitable for parenteral (e.g., subcutane-
ously, intravenously, intramuscularly, or intraperitoneally)
administration route. The pharmaceutical compositions may
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be formulated according to conventional pharmaceutical
practice (see, e.g., Remington: The Science and Practice of
Pharmacy (20th ed.), ed. A. R. Gennaro, Lippincott Williams
& Wilkins, 2000 and Encyclopedia of Pharmaceutical Tech-
nology, eds. J. Swarbrick and J. C. Boylan, 1988-1999, Mar-
cel Dekker, New York).

[0190] Pharmaceutical compositions according to the
invention may be formulated to release the active agent sub-
stantially immediately upon administration or at any prede-
termined time or time period after administration. The latter
types of compositions are generally known as controlled
release formulations, which include (i) formulations that cre-
ate a substantially constant concentration of the drug within
the body over an extended period of time; (ii) formulations
that after a predetermined lag time create a substantially
constant concentration of the drug within the body over an
extended period of time; (iii) formulations that sustain action
during a predetermined time period by maintaining a rela-
tively, constant, effective level in the body with concomitant
minimization of undesirable side effects associated with fluc-
tuations in the plasma level of the active substance (sawtooth
kinetic pattern); (iv) formulations that localize action by, e.g.,
spatial placement of a controlled release composition adja-
cent to or in the central nervous system or cerebrospinal fluid;
(v) formulations that allow for convenient dosing, such that
doses are administered, for example, once every one or two
weeks; and (vi) formulations that target FSHD by using car-
riers or chemical derivatives to deliver the therapeutic agent to
a particular cell type (e.g., skeletal muscle cell) whose func-
tion is perturbed in FSHD. For some applications, controlled
release formulations obviate the need for frequent dosing
during the day to sustain the plasma level at a therapeutic
level.

[0191] Any of a number of strategies can be pursued in
order to obtain controlled release in which the rate of release
outweighs the rate of metabolism of the agent in question. In
one example, controlled release is obtained by appropriate
selection of various formulation parameters and ingredients,
including, e.g., various types of controlled release composi-
tions and coatings. Thus, the FSHD therapeutic is formulated
with appropriate excipients into a pharmaceutical composi-
tion that, upon administration, releases the FSHD therapeutic
in a controlled manner. Examples include single or multiple
unit tablet or capsule compositions, oil solutions, suspen-
sions, emulsions, microcapsules, microspheres, molecular
complexes, nanoparticles, patches, and liposomes.

Parenteral Compositions

[0192] The pharmaceutical composition may be adminis-
tered parenterally by injection, infusion or implantation (sub-
cutaneous, intravenous, intramuscular, intraperitoneal, or the
like) in dosage forms, formulations, or via suitable delivery
devices or implants containing conventional, non-toxic phar-
maceutically acceptable carriers and adjuvants. The formula-
tion and preparation of such compositions are well known to
those skilled in the art of pharmaceutical formulation. For-
mulations can be found in Remington: The Science and Prac-
tice of Pharmacy, supra.

[0193] Compositions for parenteral use may be provided in
unit dosage forms (e.g., in single-dose ampoules), or in vials
containing several doses and in which a suitable preservative
may be added (see below). The composition may be in form
of a solution, a suspension, an emulsion, an infusion device,
ora delivery device for implantation, or it may be presented as
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a dry powder to be reconstituted with water or another suit-
able vehicle before use. Apart from the active therapeutic (s),
the composition may include suitable parenterally acceptable
carriers and/or excipients. The active therapeutic (s) may be
incorporated into microspheres, microcapsules, nanopar-
ticles, liposomes, or the like for controlled release. Further-
more, the composition may include suspending, solubilizing,
stabilizing, pH-adjusting agents, tonicity adjusting agents,
and/or dispersing, agents.

[0194] As indicated above, the pharmaceutical composi-
tions according to the invention may be in a form suitable for
sterile injection. To prepare such a composition, the suitable
active therapeutic(s) are dissolved or suspended in a parenter-
ally acceptable liquid vehicle. Among acceptable vehicles
and solvents that may be employed are water, water adjusted
to a suitable pH by addition of an appropriate amount of
hydrochloric acid, sodium hydroxide or a suitable buffer,
1,3-butanediol, Ringer’s solution, and isotonic sodium chlo-
ride solution and dextrose solution. The aqueous formulation
may also contain one or more preservatives (e.g., methyl,
ethyl or n-propyl p-hydroxybenzoate). In cases where one of
the agents is only sparingly or slightly soluble in water, a
dissolution enhancing or solubilizing agent can be added, or
the solvent may include 10-60% w/w of propylene glycol or
the like.

Solid Dosage Forms for Oral Use

[0195] Formulations for oral use include tablets containing
the active ingredient(s) in a mixture with non-toxic pharma-
ceutically acceptable excipients. Such formulations are
known to the skilled artisan. Excipients may be, for example,
inert diluents or fillers (e.g., sucrose, sorbitol, sugar, manni-
tol, microcrystalline cellulose, starches including potato
starch, calcium carbonate, sodium chloride, lactose, calcium
phosphate, calcium sulfate, or sodium phosphate); granulat-
ing and disintegrating agents (e.g., cellulose derivatives
including microcrystalline cellulose, starches including
potato starch, croscarmellose sodium, alginates, or alginic
acid); binding agents (e.g., sucrose, glucose, sorbitol, acacia,
alginic acid, sodium alginate, gelatin, starch, pregelatinized
starch, microcrystalline cellulose, magnesium aluminum sili-
cate, carboxymethylcellulose sodium, methylcellulose,
hydroxypropyl methylcellulose, ethylcellulose, polyvi-
nylpyrrolidone, or polyethylene glycol); and lubricating
agents, glidants, and antiadhesives (e.g., magnesium stearate,
zinc stearate, stearic acid, silicas, hydrogenated vegetable
oils, or talc). Other pharmaceutically acceptable excipients
can be colorants, flavoring agents, plasticizers, humectants,
buffering agents, and the like.

[0196] The tablets may be uncoated or they may be coated
by known techniques, optionally to delay disintegration and
absorption in the gastrointestinal tract and thereby providing
a sustained action over a longer period. The coating may be
adapted to release the active drug in a predetermined pattern
(e.g., in order to achieve a controlled release formulation) or
it may be adapted not to release the active drug until after
passage of the stomach (enteric coating). The coating may be
a sugar coating, a film coating (e.g., based on hydroxypropyl
methylcellulose, methylcellulose, methyl hydroxyethylcellu-
lose, hydroxypropylcellulose, carboxymethylcellulose, acry-
late copolymers, polyethylene glycols and/or polyvinylpyr-
rolidone), or an enteric coating (e.g., based on methacrylic
acid copolymer, cellulose acetate phthalate, hydroxypropyl
methylcellulose phthalate, hydroxypropyl methylcellulose
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acetate succinate, polyvinyl acetate phthalate, shellac, and/or
ethylcellulose). Furthermore, a time delay material such as,
e.g., glyceryl monostearate or glyceryl distearate may be
employed.

[0197] The solid tablet compositions may include a coating
adapted to protect the composition from unwanted chemical
changes, (e.g., chemical degradation prior to the release of the
active therapeutic substance). The coating may be applied on
the solid dosage form in a similar manner as that described in
Encyclopedia of Pharmaceutical Technology, supra. Formu-
lations for oral use may also be presented as chewable tablets,
or as hard gelatin capsules wherein the active ingredient is
mixed with an inert solid diluent (e.g., potato starch, lactose,
microcrystalline cellulose, calcium carbonate, calcium phos-
phate or kaolin), or as soft gelatin capsules wherein the active
ingredient is mixed with water or an oil medium, for example,
peanut oil, liquid paraffin, or olive oil. Powders and granu-
lates may be prepared using the ingredients mentioned above
under tablets and capsules in a conventional manner using,
e.g., a mixer, a fluid bed apparatus or a spray drying equip-
ment.

[0198] The present invention provides methods of treating
FSHD or symptoms thereof which comprise administering a
therapeutically effective amount of a pharmaceutical compo-
sition comprising a compound of the formulae herein to a
subject (e.g., a mammal such as a human). Thus, one embodi-
ment is a method of treating a subject suffering from or
susceptible to FSHD or a symptom thereof. The method
includes the step of administering to the mammal a therapeu-
tic amount of a compound herein sufficient to treat the disease
or disorder or symptom thereof, under conditions such that
the disease or disorder is treated.

[0199] The methods herein include administering to the
subject (including a subject identified as in need of such
treatment) an effective amount of a compound described
herein, or a composition described herein to produce such
effect. Identifying a subject in need of such treatment can be
in the judgment of a subject or a health care professional and
can be subjective (e.g. opinion) or objective (e.g. measurable
by a test or diagnostic method).

[0200] As used herein, the terms “treat,” treating,” “treat-
ment,” and the like refer to reducing or ameliorating a disor-
der and/or symptoms associated therewith. It will be appre-
ciated that, although not precluded, treating a disorder or
condition does not require that the disorder, condition or
symptoms associated therewith be completely eliminated.
[0201] As used herein, the terms “prevent,” “preventing,”
“prevention,” “prophylactic treatment” and the like refer to
reducing the probability of developing a disorder or condition
in a subject, who does not have, but is at risk of or susceptible
to developing a disorder or condition.

[0202] The therapeutic methods of the invention (which
include prophylactic treatment) in general comprise admin-
istration of a therapeutically effective amount of the com-
pounds herein, such as a compound of the formulae herein to
a subject (e.g., animal, human) in need thereof, including a
mammal, particularly a human. Such treatment will be suit-
ably administered to subjects, particularly humans, suffering
from, having, susceptible to, or at risk for a disease, disorder,
or symptom thereof. Determination of those subjects “at risk”
can be made by any objective or subjective determination by
adiagnostic test or opinion of a subject or health care provider
(e.g., genetic test, enzyme or protein marker, Marker (as
defined herein), family history, and the like). The compounds
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herein may be also used in the treatment of any other disor-
ders in which muscular dystrophy may be implicated.

[0203] In one embodiment, the invention provides a
method of monitoring treatment progress. The method
includes the step of determining a level of diagnostic marker
(Marker) (e.g., any target delineated herein modulated by a
compound herein, a protein or indicator thereof, etc.) or diag-
nostic measurement (e.g., screen, assay) in a subject suffering
from or susceptible to FSHD, in which the subject has been
administered a therapeutic amount of a compound herein
sufficient to treat the disease or symptoms thereof. The level
of Marker determined in the method can be compared to
known levels of Marker in either healthy normal controls or in
other afflicted patients to establish the subject’s disease sta-
tus. In preferred embodiments, a second level of Marker in the
subject is determined at a time point later than the determi-
nation of the first level, and the two levels are compared to
monitor the course of disease or the efficacy of the therapy. In
certain preferred embodiments, a pre-treatment level of
Marker in the subject is determined prior to beginning treat-
ment according to this invention; this pre-treatment level of
Marker can then be compared to the level of Marker in the
subject after the treatment commences, to determine the effi-
cacy of the treatment.

[0204] The practice of the present invention employs,
unless otherwise indicated, conventional techniques of
molecular biology (including recombinant techniques),
microbiology, cell biology, biochemistry and immunology,
which are well within the purview of the skilled artisan. Such
techniques are explained fully in the literature, such as,
“Molecular Cloning: A Laboratory Manual”, second edition
(Sambrook, 1989); “Oligonucleotide Synthesis” (Gait,
1984); “Animal Cell Culture” (Freshney, 1987); “Methods in
Enzymology” “Handbook of Experimental Immunology”
(Weir, 1996); “Gene Transfer Vectors for Mammalian Cells”
(Miller and Calos, 1987); “Current Protocols in Molecular
Biology” (Ausubel, 1987); “PCR: The Polymerase Chain
Reaction”, (Mullis, 1994); “Current Protocols in Immunol-
ogy” (Coligan, 1991). These techniques are applicable to the
production of the polynucleotides and polypeptides of the
invention, and, as such, may be considered in making and
practicing the invention. Particularly useful techniques for
particular embodiments will be discussed in the sections that
follow.

EXAMPLES

[0205] The following examples are put forth so as to pro-
vide those of ordinary skill in the art with a complete disclo-
sure and description of how to make and use the assay, screen-
ing, and therapeutic methods of the invention, and are not
intended to limit the scope of what the inventors regard as
their invention.

Example 1

Microarray Analysis Identifies Genes that are
Differentially Regulated in FSHD

[0206] Open muscle biopsy was performed on both the
biceps and deltoid muscles of 6 FSHD affected and 5 unaf-
fected subjects that are first degree relatives of the FSHD
affected subjects. Characteristics of the donors are provided
in Table 1.
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TABLE 1

Clinical characteristics of FSHD subjects and unaffected donors.

Age at
Enroll- EcoRV/
Familial ment Blnl Deltoid Biceps
Donor* Relations Gender  (yrs) Allele  Strength** Strength
07A proband F 18 29 kb 4+/5 at90° full
07U mother of F 49 34kb full full
proband (49B),
53 kb
(4qA)
09A proband F 31 25kb 5/5at45° 44/5
09U  mother of 09A F 57 47 kb full full
12A proband M 49 18 kb 4+/5 at 90° 4+/5
12U sister of 12A F 45 >112kb full full
15A proband M 67 28kb 5/5at90° 5/5
15B brother of 15A M 69 28 kb full full
15V sister of 15A F 60 107 kb full full
21B proband F 59 34kb 5/5 4+/5
21U sister of 21B F 48 150 kb full full

*Donors are designated by cohort (family) number (07, 09, etc.) followed by A, B for the
FSHD donors or U,V for the unaffected I degree relative(s) of the FSHD subject(s) in the
cohort. Each cohort was composed of at least one affected individual with genetically and
clinically verified FSHD, and at least one unaffected first degree relative with unshortened
D474 alleles and normal strength.

**Muscle strength is presented using a modified MRC scale where 5/5 is full strength for
right/left sides.

[0207] Molecular diagnosis of FSHD was confirmed by the
University of lowa Diagnostic Laboratories and indicated
that each donor with a clinical diagnosis of FSHD also had a
contracted 4q D474 region in combination with a 4 qA telo-
meric allele (Table 1).

Primary Cell Culture.

[0208] Primary muscle cell strains were established from
open muscle biopsies following collagenase IV and dispase
dissociation as previously described (Stadler et al., 2011).
Cells were cultured at 37° C. in 5% CO, on 0.1% gelatin-
coated dishes and propagated by daily feeding with HMP
growth medium consisting of Ham’s F10 medium (Cellgro)
supplemented with 20% characterized fetal bovine serum
(Hyclone), 0.5% chicken embryo extract, 1.2 mM CaCl,, and
1% antibiotics/antimycotics (Cellgro). Cultures were incu-
bated until cells reached 50-70% confluence, at which time
cells were harvested after dissociation with TrypLE Express
(Gibco), counted, and expanded for fluorescence-activated
cell sorting (FACS) or frozen storage.

[0209] The initial primary cultures were enriched for myo-
genic cells by using a FacsAria instrument (BD Biosciences)
to select cells based on positive staining with APC-conju-
gated anti-human CD56 (BD Biosciences). For FACS, cells
were trypsinized, counted, and collected by centrifugation,
after which ~1x10° cells were resuspended in 0.1 ml 10%
fetal bovine serum (Hyclone) in PBS and incubated with the
CD56 antibody according to manufacturer’s instructions. As
a control, cells were incubated with APC-conjugated mouse
1gG1 K isotype antibody (BD Biosciences). Cells were incu-
bated for 30-60 min on ice, collected by centrifugation,
washed twice with 10% fetal bovine serum in PBS, and resus-
pended in 0.5-1.0 ml 10% fetal bovine serum in PBS and
subjected to FACS to select CD56-positive cells.

[0210] The CD56-positive populations of myogenic cells
that were obtained by FACS were seeded on dishes coated
with 0.1% gelatin (Sigma) and incubated at 37° C. and 5%
CO,, with each cell strain grown independently. Cells were
propagated by daily feeding with HMP growth medium con-
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sisting of Ham’s F10 medium (Cellgro) supplemented with
20% characterized FBS (Hyclone), 1% chicken embryo
extract, 120 mM CaCl,, and 1% antibiotics/antimycotics
(Cellgro). Cultures were incubated until cells reached
50-70% confluence, at which time cells were harvested after
dissociation with TrypLLE Express (Gibco), counted, and used
for expansion or for frozen storage. For all experiments
described here, cultures were examined at 20-35 population
doublings after the initial isolation, which was at least 10-15
population doublings prior to loss of proliferative capacity.
[0211] FIG. 1 provides a table showing cell lines produced
using these methods.

Primary Cell Cultures for RNA Isolation.

[0212] To initiate cultures, CDS56-positive cells were
seeded at ~4000 cells/cm?® and cultured with daily feeding
with LHCN growth medium consisting of 4:1 DMEM:Me-
dium 199 supplemented with 15% characterized FBS (Hy-
clone), 0.02M HEPES (Sigma-Aldrich), 0.03 ng/ml ZnSO,
(Sigma-Aldrich), 1.4 ug/ml Vitamin B12 (Sigma-Aldrich),
0.055 ug/ml dexamethasone (Sigma-Aldrich), 1% antibiot-
ics/antimycotics (Cellgro), 2.5 ng/ml hepatocyte growth fac-
tor (Chemicon International) and 10 ng/ml basic fibroblast
growth factor (Millipore). To induce differentiation, cells
were propagated by daily feeding with LHCN growth
medium until ~95% confluent, at which time cultures were
switched to a low serum differentiation medium (DM) con-
sisting of 4:1 DMEM:Medium 199 supplemented with 2%
horse serum (Hyclone), 2 mM L-glutamine (Gibco), 1% anti-
biotics/antimycotics (Cellgro), 10 mM HEPES (Gibco), and
1 mM sodium pyruvate (Gibco). For RNA isolation for
microarray analysis, cultures were harvested at two different
stages of culture: (1) after two days of proliferation in growth
medium, at which point cells were sub-confluent (GM); (2)
after four days in differentiation medium (DM). Cells were
harvested by rinsing culture dishes 2x with PBS and remov-
ing the cells with cell lifters (Costar), after which the cells
were collected by centrifugation, snap frozen in liquid nitro-
gen, and stored at —80° C.

RNA Isolation and Microarray Analysis.

[0213] Total RNA was isolated from frozen cell pellets
using 1 ml TRIzol reagent (Invitrogen). RNA concentration
was quantified with UV absorption at 260 nm using Nano-
Drop ND-1000 Spectrophotometer (Thermo Fisher Scien-
tific) and the RNA integrity was assessed using the RNA 6000
Nano chip on the Agilent 2100 Bioanalyzer (Agilent Tech-
nologies). Gene expression profiling was carried out using the
Aftymetrix GeneChip Human Gene 1.0 ST arrays. The cur-
rent format of these arrays interrogates 28,869 annotated
genes in the human genome with approximately twenty six
25-mer oligonucleotide probes spread across the full length
of'the transcript. Microarray data was collected at Expression
Analysis, Inc. (Durham, N.C.). Biotin-labeled target for the
microarray experiment was prepared using 100 ng of total
RNA and ¢cDNA was synthesized using the GeneChip WT
(Whole Transcript) Sense Target Labeling and Control
Reagents kit as described by the manufacturer (Affymetrix).
The sense cDNA was then fragmented by UDG (uracil DNA
glycosylase) and APE 1 (apurinic/apyrimidic endonuclease
1) and biotin-labeled with TdT (terminal deoxynucleotidyl
transferase) using the GeneChip WT Terminal labeling kit
(Affymetrix). Hybridization was performed using 5 micro-
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grams of biotinylated target, which was incubated with the
GeneChip Human Gene 1.0 ST array (Affymetrix) at 45° C.
for 16-20 hours. Following hybridization, non-specifically
bound material was removed by washing and detection of
specifically bound target was performed using the GeneChip
Hybridization, Wash and Stain kit, and the GeneChip Fluidics
Station 450 (Aftymetrix). The arrays were scanned using the
GeneChip Scanner 3000 7G (Affymetrix) and raw data was
extracted from the scanned images and analyzed with the
Aftymetrix GeneChip Command Console Software (Af-
fymetrix).

Microarray Data Analysis.

[0214] The raw array data was preprocessed and normal-
ized using the Robust Multichip Average (RMA) method.
This procedure includes background correction and quantile
normalization of the arrays at the probe level, followed by
robust summarization of expression at the transcript level.
Differential expression between classes was calculated using
linear models with the limma package from the Bioconductor
project (Smyth, G. K. (2004). Linear models and empirical
Bayes methods for assessing differential expression in
microarray experiments. Statistical Applications in Genetics
and Molecular Biology 3, No. 1, Article 3). The linear model
used was “~0+Class:Muscle:Medium+Cohort”, where Class,
Muscle, and Medium are each two-level factors with levels
FSHD & Control; Biceps & Deltoid; and GM & DM, respec-
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tively; and the factor Cohort has one level for each cohort. The
interaction terms (denoted *“:”") for the three two-level factors
model changes between FSHD and Control expression levels
that may vary for each of the four combinations of muscle
type and medium, and the additive Cohort factor models
different baseline expression levels for samples from differ-
ent cohorts. To control for multiple hypothesis testing false
discovery rates (FDRs) were computed based on the p-values
from empirical Bayes moderated t-statistics for differential
expression. The reported results are based on only those
probesets annotated with Entrez gene IDs, and in cases of
multiple probesets with the same Entrez ID on only the
probeset with the largest interquartile range; after this filter-
ing probesets corresponding to 19,983 genes were left. FSHD
typically affects biceps more severely than deltoid, and dif-
ferences between FSHD and control cell-cultures were stron-
ger in DM than in GM.

[0215] Table 2 lists 142 genes for which the expression
difference between FSHD and control biceps in DM had
p-value at most 0.001, which corresponded to an FDR 0f0.15.
The columns labeled AvsU.DM.B.pval and AvsU.DM.B.
gives the p-value and FDR, respectively, and the column
labeled AvsU.DM.B Ifc gives the log 2(fold-change) between
FSHD and control expression levels, with positive scores
indicating higher expression in FSHD samples relative to
controls, and negative scores indicating lower expression in
FSHD samples relative to controls (Table 2).

TABLE 2
AvsU.  AvsUDM.B. AvsU.DM.
Probeset SYMBOL  UNIGENE ENTREZID REFSEQ GENENAME DM.B.lfc pval B.fdr
7933733 FAM13C Hs.499704 220965 NM_001001971.2 family with sequence -0.85  5.30E-07 0.011
similarity 13, member
C
8153065 MIR30B NA 407030 NR_029666.1 microRNA 30b -0.9 1.70E-06 0.017
8079753 DAG1 Hs.76111 1605 NM_001165928.3 dystroglycan 1 -0.59  1.20E-05 0.071
(dystrophin-associated
glycoprotein 1)
7910923 FMN2 Hs.24889 56776 NM_020066.4 formin 2 0.77  1.40E-05 0.071
7927876 TET1 Hs.567594 80312 NM_030625.2 tet oncogene 1 -0.65 1.80E-05 0.072
8075673 RBFOX2 Hs.282998 23543 NM_001031695.2 RNA binding protein, -0.43  4.10E-05 0.1
fox-1 homolog (C.
elegans) 2
7980891 TC2N Hs.510262 123036 NM_001128595.1 tandem C2 domains, 0.72  5.20E-05 0.1
nuclear
8126770 CYP39A1 Hs.387367 51302 NM_016593.3 cytochrome P450, -0.51  6.60E-05 0.1
family 39, subfamily
A, polypeptide 1
8054041 TRIM43 Hs.232026 129868 NM_138800.1 tripartite motif 2.59  7.30E-05 0.1
containing 43
8034099 MIR199A1 NA 406976 NR_029586.1 microRNA 199a-1 0.88  7.50E-05 0.1
8057578 CALCRL Hs.470882 10203 NM_005795.5 calcitonin receptor-like -1.17  8.40E-05 0.1
7898537 PAX7 Hs.113253 5081 NM_001135254.1 paired box 7 -0.75  8.40E-05 0.1
8084100 USP13 Hs.175322 8975 NM_003940.2 ubiquitin specific -0.75  8.40E-05 0.1
peptidase 13
(isopeptidase T-3)
7994463 ATP2A1 Hs.657344 487 NM_004320.4 ATPase, Ca++ -1.82  8.70E-05 0.1
transporting, cardiac
muscle, fast twitch 1
7958174 TXNRD1 Hs.728817 7296 NM_001093771.2 thioredoxin reductase 0.49  8.80E-05 0.1
1
7982000 SNORD116- NA 100033438 NR_003340.2 small nucleolar RNA, -0.78  9.10E-05 0.1
26 C/D box 116-26
7973580 FITM1 Hs.128060 161247 NM_203402.2 fat storage-inducing -0.72  9.90E-05 0.1
transmembrane protein
1
7928661 MBL1P Hs.102310 8512 NR_002724.2 mannose-binding -0.67 1.00E-04 0.1

lectin (protein A) 1,
pseudogene
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TABLE 2-continued

AvsU.  AvsU.DM.B. AvsU.DM.

Probeset SYMBOL  UNIGENE ENTREZID REFSEQ GENENAME DM.B.lfc pval B.fdr

8053984 ANKRD23  Hs.643430 200539  NM_144994.7 ankyrin repeat domain -0.45 0.00011 0.1
23

7941761 RHOD Hs.15114 29984 NM_014578.3 ras homolog gene 0.45  0.00011 0.1
family, member D

8072015 ADRBK2 Hs.657494 157  NM_005160.3 adrenergic, beta, -0.78  0.00012 0.1
receptor kinase 2

8027674 ZNF302 Hs.436350 55900 NM_001012320.1 zinc finger protein 302 -0.36  0.00012 0.1

8120961 MRAP2 Hs.370055 112609  NM_138409.2 melanocortin 2 -0.93  0.00013 0.1
receptor accessory
protein 2

7960865 SLC2A3 Hs.419240 6515 NM_006931.2 solute carrier family 2 0.64  0.00013 0.1
(facilitated glucose
transporter), member 3

7947052 IGSF22 Hs.434152 283284 NM_173588.3 immunoglobulin -0.58  0.00014 0.1
superfamily, member
22

8093665 GRK4 Hs.32959 2868  NM_001004056.1 G protein-coupled -0.46  0.00014 0.1
receptor kinase 4

8162132 CY9orfl153 Hs.632073 389766 ~ NM_001010907.1 chromosome 9 open -0.52  0.00014 0.1
reading frame 153

8008664 AKAP1 Hs.463506 8165 NM_003488.3 A kinase (PRKA) -0.64  0.00015 0.11
anchor protein 1

8101086 NAAA Hs.437365 27163  NM_001042402.1 N-acylethanolamine 0.52  0.00016 0.11
acid amidase

7915261 TRIT1 Hs.356554 54802 NM_017646.4 tRNA -0.48 0.00016 0.11
isopentenyltransferase

8058570 C2orf67 Hs.282260 151050 NM_152519.2 chromosome 2 open -0.56  0.00018 0.11
reading frame 67

7912595 PRAMEF13 Hs.531192 400736  NM_001024661.1 PRAME family 1.52 0.00019 0.11
member 13

7978932 SOS2 Hs.291533 6655 NM_006939.2 son of sevenless -0.27  0.00019 0.11
homolog 2
(Drosophila)

8023121 ST8SIAS Hs.465025 29906  NM_013305.4 ST8 alpha-N-acetyl- -0.61 0.00021 0.12
neuraminide alpha-2,8-
sialyltransferase 5

7934945 PANK1 Hs.376351 53354 NM_138316.3 pantothenate kinase 1 -0.66  0.00021 0.12

7979483 Cl14o0rf39 Hs.335754 317761  NM_174978.2 chromosome 14 open -0.79  0.00022 0.12
reading frame 39

7923978 CD34 Hs.374990 947  NM_001025109.1 CD34 molecule 0.79  0.00023 0.12

7920552 KCNN3 Hs.490765 3782  NM_001204087.1 potassium -0.88  0.00024 0.12
intermediate/small
conductance calcium-
activated channel,
subfamily N, member
3

8082003 EAF2 Hs.477325 55840 NM_018456.4 ELL associated factor -0.69  0.00024 0.12
2

8024518 ZNF555 Hs.47712 148254  NM_001172775.1 zinc finger protein 555 -0.82  0.00026 0.12

8151074 PDETA Hs.527119 5150  NM_002603.3 phosphodiesterase 7A -0.61  0.00026 0.12

8130071 Cl50rf29 Hs.633566 79768  NM_024713.2 chromosome 15 open -0.76  0.00027 0.12
reading frame 29

8123584 MYLK4 Hs.127830 340156  NM_001012418.3 myosin light chain -1.18  0.00028 0.12
kinase family, member
4

7906764 HSPA6 Hs.654614 3310 NM_002155.3 heat shock 70kDa 0.49  0.00029 0.12
protein 6 (HSP70B")

7897987 PRAMEF2  Hs.104991 65122 NM_023014.1 PRAME family 1.59  0.00029 0.12
member 2

7926679 KIAA1217  Hs.445885 56243  NM_001098500.1 KIAA1217 -0.58  0.00031 0.12

8163733 CDK5RAP2 Hs.269560 55755  NM_001011649.2 CDKS5 regulatory -0.4 0.00032 0.12
subunit associated
protein 2

8050443 SMC6 Hs.526728 79677 NM_001142286.1 structural maintenance -0.5 0.00033 0.12
of chromosomes 6

7947110 E2F8 Hs.523526 79733  NM_024680.3 E2F transcription -1.38  0.00033 0.12
factor 8

8073943 ZBED4 Hs.475208 9889  NM_014838.2 zinc finger, BED-type -0.36  0.00034 0.12
containing 4

7958884 OAS1 Hs.524760 4938  NM_001032409.1 2'5'-oligoadenylate 0.63  0.00035 0.12

synthetase 1,
40/46kDa
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TABLE 2-continued

AvsU.  AvsU.DM.B. AvsU.DM.

Probeset SYMBOL  UNIGENE ENTREZID REFSEQ GENENAME DM.B.lfc pval B.fdr

8133477 GTF2IRD1  Hs.647056 9569  NM_001199207.1 GTF2I repeat domain -0.51  0.00035 0.12
containing 1

7944955 PKNOX?2 Hs.278564 63876 NM_022062.2 PBX/knotted 1 -0.62  0.00036 0.12
homeobox 2

8020068 ANKRD12  Hs.464585 23253  NM_001083625.2 ankyrin repeat domain -0.43  0.00037 0.12
12

7983704 GLDN Hs.526441 342035 NM_181789.2 gliomedin -0.45 0.00037 0.12

8131803 IL6 Hs.654458 3569  NM_000600.3 interleukin 6 1.12 0.00037 0.12
(interferon, beta 2)

7909730 KCNK2 Hs.497745 3776  NM_001017424.2 potassium channel, 1.18  0.00037 0.12
subfamily K, member
2

7908397 RGS13 Hs.497220 6003  NM_002927.4 regulator of G-protein -1.02  0.00037 0.12
signaling 13

8072170 KREMEN1  Hs.229335 83999  NM_001039570.2 kringle containing -0.53  0.00037 0.12
transmembrane protein
1

8002020 TPPP3 Hs.534458 51673  NM_015964.2 tubulin -0.61  0.00039 0.12
polymerization-
promoting protein
family member 3

7897978 PRAMEF1  Hs.454859 65121 NM_023013.2 PRAME family 1.33  0.00039 0.12
member 1

7909545 TRAFS Hs.523930 7188  NM_001033910.2 TNF receptor- -0.64  0.00039 0.12
associated factor 5

8094441 SLC34A2 Hs.479372 10568  NM_001177998.1 solute carrier family 2.23  4.00E-04 0.12
34 (sodium
phosphate), member 2

8137670 PDGFA Hs.535898 5154  NM_002607.5 platelet-derived -0.58 4.00E-04 0.12
growth factor alpha
polypeptide

8086482 ZNF445 Hs.250481 353274 NM_181489.5 zine finger protein 445 -0.31  0.00041 0.12

7964646 PPM1H Hs.435479 57460  NM_020700.1 protein phosphatase, -0.42  0.00041 0.12
Mg2+/Mn2+
dependent, 1H

8027312 ZNF429 Hs.572567 353088 NM_001001415.2 zinc finger protein 429 -0.58  0.00042 0.12

7969815 CLYBL Hs.655642 171425  NM_206808.2 citrate lyase beta like -0.57  0.00043 0.12

8099302 MIR9S NA 407052  NR_029511.1 microRNA 95 -1 0.00045 0.12

7971653 DLEU2 Hs.547964 8847 NR_002612.1 deleted in lymphocytic -0.53  0.00045 0.12
leukemia 2 (non-
protein coding)

8069991 TCP10L Hs.728804 140290  NM_144659.5 t-complex 10 (mouse)- -0.4 0.00047 0.12
like

7970111 ARHGEF7  Hs.508738 8874 NM_001113511.1 Rho guanine -0.4 0.00047 0.12
nucleotide exchange
factor (GEF) 7

7995440 FLI44674 Hs.514338 400535  XR_041153.1 FLJ44674 protein 0.35 5.00E-04 0.12

7898211 DDI2 Hs.718857 84301 NM_032341.4 DNA-damage -0.48 5.00E-04 0.12
inducible 1 homolog 2
(S. cerevisiae)

8163109 CYorfa Hs.347537 23732  NM_014334.2 chromosome 9 open 0.4 0.00052 0.12
reading frame 4

7918552 Clorfl83 Hs.193406 55924  NM_019099.4 chromosome 1 open -0.43  0.00052 0.12
reading frame 183

7960850 SLC2A14 Hs.655169 144195 NM_153449.2 solute carrier family 2 0.49  0.00053 0.12
(facilitated glucose
transporter), member
14

8050658 ATAD2B Hs.467862 54454  NM_017552.2 ATPase family, AAA -0.33  0.00053 0.12
domain containing 2B

8124502 ZNF184 Hs.158174 7738  NM_007149.2 zine finger protein 184 -0.35  0.00053 0.12

8060813 MCM8 Hs.597484 84515 NM_032485.4 minichromosome -0.39  0.00053 0.12
maintenance complex
component 8

8097086 MYOZ2 Hs.381047 51778 NM_016599.4 myozenin 2 -1.2 0.00054 0.12

8044008 IL1RL2 Hs.659863 8808 NM_003854.2 interleukin 1 receptor 0.38  0.00054 0.12
like 2

8054664 ZC3H8 Hs.418416 84524  NM_032494.2 zinc finger CCCH-type -0.4 0.00055 0.12
containing 8

8097256 FGF2 Hs.284244 2247  NM_002006.4 fibroblast growth 0.88  0.00056 0.12
factor 2 (basic)

8100312 LRRC66 Hs.661450 339977 NM_001024611.1 leucine rich repeat -0.77  0.00056 0.12

containing 66
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TABLE 2-continued

AvsU. AvsU.DM.B. AvsU.DM.

Probeset SYMBOL  UNIGENE ENTREZID REFSEQ GENENAME DM.B.lfc pval B.fdr

8102352 PITX2 Hs.643588 5308  NM_000325.5 paired-like -0.53  0.00056 0.12
homeodomain 2

8015590 STAT5B Hs.595276 6777 NM_012448.3 signal transducer and -0.54  0.00056 0.12
activator of
transcription 5B

8069348 PCNT Hs.474069 5116  NM_006031.5 pericentrin -0.34  0.00057 0.12

8136235 CPAl Hs.2879 1357  NM_001868.2 carboxypeptidase Al -0.4 0.00058 0.12
(pancreatic)

7968883 Cl130rf31 Hs.210586 144811 NM_001128303.1 chromosome 13 open 0.94  0.00058 0.12
reading frame 31

7950955 TRIM49 Hs.534218 57093  NM_020358.2 tripartite motif 1.68  0.00058 0.12
containing 49

7957126 KCNMB4 Hs.525529 27345  NM_014505.5 potassium large -0.82  0.00059 0.12
conductance calcium-
activated channel,
subfamily M, beta
member 4

8102862 MAML3 Hs.586165 55534 NM_018717.4 mastermind-like 3 -0.54  0.00059 0.12
(Drosophila)

7951781 Cllorf71 Hs.715083 54494  NM_019021.3 chromosome 11 open -0.37  6.00E-04 0.12
reading frame 71

7909768 SPATA17 Hs.171130 128153  NM_138796.2 spermatogenesis -0.49  0.00061 0.12
associated 17

8094778 UCHL1 Hs.518731 7345  NM_004181.4 ubiquitin carboxyl- 0.77  0.00061 0.12
terminal esterase L1
(ubiquitin
thiolesterase)

8164580 PTGES Hs.146688 9536  NM_004878.4 prostaglandin E 0.94  0.00061 0.12
synthase

8104163 LRRC14B  Hs.683662 389257  NM_001080478.1 leucine rich repeat -0.57  0.00062 0.12
containing 14B

8036406 ZNF571 Hs.590944 51276  NM_016536.3 zinc finger protein 571 -0.41  0.00062 0.12

8128087 GABRR1 Hs.99927 2569  NM_002042.4 gamma-aminobutyric -0.63  0.00063 0.12
acid (GABA) receptor,
tho 1

8028219 ZNF420 Hs.444992 147923  NM_144689.3 zine finger protein 420 -0.39  0.00064 0.13

8057771 STAT4 Hs.80642 6775 NM_003151.3 signal transducer and 0.67  0.00067 0.13
activator of
transcription 4

8058350 ICAIL Hs.516629 130026 ~ NM_138468.4 islet cell autoantigen -0.46  0.00068 0.13
1,69kDa-like

8018922 CYTHI1 Hs.191215 9267  NM_004762.2 cytohesin 1 -0.47  0.00068 0.13

7968637 CCNA1 Hs.417050 8900 NM_001111045.1 cyclin Al 2.12  0.00073 0.14

7974771 Cl40rf135  Hs.509499 64430  NM_022495.5 chromosome 14 open -0.37  0.00076 0.14
reading frame 135

7907790 CEP350 Hs.413045 9857 NM_014810.4 centrosomal protein -0.44  0.00076 0.14
350kDa

8030823 IGLONS Hs.546636 402665 NM_001101372.1 IgLON family member 0.45  0.00077 0.14
5

7917996 LRRC39 Hs.44277 127495  NM_144620.3 leucine rich repeat -1.23  0.00078 0.14
containing 39

7905986 FDPS Hs.335918 2224 NM_001135821.1 farnesyl diphosphate 0.59  0.00079 0.14
synthase

8097867 KIAA0922  Hs.205572 23240 NM_001131007.1 KIAA0922 -0.4 0.00079 0.14

8120300 C6orf142 Hs.449276 90523 NM_138569.2 chromosome 6 open -1.71  0.00079 0.14
reading frame 142

8068220 C21orf49 Hs.54725 54067 NR_024622.1 chromosome 21 open -0.43 8.00E-04 0.14
reading frame 49

8037298 CD177 Hs.232165 57126  NM_020406.2 CD177 molecule 0.83  8.00E-04 0.14

8148501 PTP4A3 Hs.43666 11156  NM_007079.2 protein tyrosine -0.93  0.00081 0.14
phosphatase type IVA,
member 3

7954012 LOHI12CR1 Hs.720779 118426  NM_058169.3 loss of heterozygosity, -0.43  0.00084 0.14
12, chromosomal
region 1

8108708 PCDHB7 Hs.203830 56129 NM_018940.2 protocadherin beta 7 -0.37  0.00085 0.14

8116595 WRNIP1 Hs.236828 56897 NM_020135.2 Werner helicase -0.31  0.00085 0.14
interacting protein 1

7934434 MYOZ1 Hs.238756 58529 NM_021245.3 myozenin 1 -1.55 0.00085 0.14

8024909 KDM4B Hs.654816 23030 NM_015015.2 lysine (K)-specific -0.26  0.00086 0.14
demethylase 4B

8144812 PCM1 Hs.491148 5108  NM_006197.3 pericentriolar material -0.33  0.00086 0.14

1
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AvsU.  AvsU.DM.B. AvsU.DM.
Probeset SYMBOL UNIGENE ENTREZID REFSEQ GENENAME DM.B.lfc pval B.fdr
7933092 ZNF248 Hs.528423 57209 NM_021045.2 zinc finger protein 248 -0.5 0.00086 0.14
7928705 TSPAN14 Hs.310453 81619 NM_001128309.1 tetraspanin 14 -0.62  0.00086 0.14
8151457 HEY1 Hs.234434 23462  NM_001040708.1 hairy/enhancer-of-split -0.58  0.00087 0.14
related with YRPW
motif 1
7934442 SYNPO2L  Hs.645273 79933 NM_001114133.1 synaptopodin 2-like -0.78  0.00088 0.14
8033241 CD70 Hs.501497 970  NM_001252.3 CD70 molecule 0.32  0.00088 0.14
7921955 RXRG Hs.26550 6258 NM_006917.4 retinoid X receptor, -0.58  0.00089 0.14
gamma
8167603 CLCN5 Hs.166486 1184  NM_000084.3 chloride channel 5 -0.57 9.00E-04 0.14
8089647 KIAA2018  Hs.632570 205717  NM_001009899.2 KIAA2018 -0.4 0.00091 0.14
8139160 FAM183B Hs.144075 340286  NR_028347.1 acyloxyacyl hydrolase 0.35 0.00091 0.14
(neutrophil)
7957379 MYF5 Hs.178023 4617 NM_005593.2 myogenic factor 5 -0.91 0.00094 0.14
8144082 C7orf13 Hs.647014 129790  NR_026865.1 chromosome 7 open -0.39  0.00095 0.14
reading frame 13
7986004 ZNF774 Hs.55307 342132 NM_001004309.2 zinc finger protein 774 -0.28  0.00095 0.14
8045198 CFC1B Hs.503733 653275  NM_001079530.1 cripto, FRL-1, cryptic 0.26  0.00096 0.14
family 1B
8125289 TNXA Hs. 708061 7146 NR_001284.2 tenascin XA 1.87  0.00097 0.14
pseudogene
7915277 MYCL1 Hs.437922 4610 NM_001033081.2 v-myc -0.77  0.00098 0.14
myelocytomatosis
viral oncogene
homolog 1, lung
carcinoma derived
(avian)
8002303 NQO1 Hs.406515 1728  NM_000903.2 NAD(P)H 0.67 0.001 0.15
dehydrogenase,
quinone 1
8033362 INSR Hs.465744 3643  NM_000208.2 insulin receptor -0.59 0.001 0.15
8025672 SLC44A2 Hs.534560 57153  NM_001145056.1 solute carrier family -0.35 0.001 0.15
44, member 2
7965510 TMCC3 Hs.370410 57458  NM_020698.2 transmembrane and -0.42 0.001 0.15
coiled-coil domain
family 3
8118644 RPS18 Hs.627414 6222 NM_022551.2 ribosomal protein S18 0.34 0.001 0.15
7940824 NAA40 Hs.523753 79829  NM_024771.2 N(alpha)- -0.33 0.001 0.15
acetyltransferase 40,
NatD catalytic subunit,
homolog (S.
cerevisiae)
Example 2 were monitored for recovery from anaesthesia and provided

A Humanized Mouse Model of FSHD

[0216] Both FSHD- and control-derived myoblasts from
multiple cohorts (described in Homma et al., European Jour-
nal of Human Genetics (2012) 20, 404-410) engrafted and
formed human muscle fibers after 30 days in vivo. All mouse
experiments were performed using BBRI IACUC-approved
protocols. Nonobese diabetic Ragl and IL.2ry null (NOD-
Ragl null IL.2r null or RAG, Jax stock number 007799) mice
were used as recipients for human cell transplantations. Adult
muscle, composed of multinucleated terminally differenti-
ated myofibers, has a very low rate of cellular turnover under
normal conditions. However, it has a remarkable capacity to
regenerate in response to injury due to the presence of quies-
cent satellite cells. A regenerating muscle, which is in the
process of incorporating newly differentiating cells, provides
a favourable environment to receive a cell graft. Recipient
tibialis anterior (TA) muscles were injected with 10 pM car-
diotoxin to induce a muscle degeneration/regeneration cycle.
1x10SFSHD myoblasts (from five different family cohorts),
maintained in culture between 15 and 20 population dou-
blings, were injected into surgically-exposed TA muscles 6
hours after cardiotoxin injection; following surgery, mice

analgesics as required. Mice were sacrificed 4 weeks after
transplantation and injected TA muscles, as well as non-
injected gastrocnemius muscles were dissected and frozen in
nitrogen-cooled isopentane. Entire muscle samples were cut
into 10 pum transverse cryostat sections and analyzed by
immunofluorescence.

[0217] Visualization of engrafted fibers was performed via
immunofluorescence using antibodies against the human spe-
cific sarcolemmal protein spectrin and the human specific
nuclear protein lamin A/C. As shown in FIG. 1, immunofluo-
rescence using human specific antibodies demonstrated high
engraftment efficiency. To date, 36 xenografted mice have
been generated and investigated. Histological analyses have
confirmed that injected human FSHD myoblasts participate
in the regeneration of murine muscle to form “humanized”
fibers within the host TA. Quantifications have revealed that
engraftment rates of greater than 100,000 human nuclei can
be achieved in host muscle. These engraftments are of a
sufficient magnitude to conduct morphological and molecu-
lar phenotype analyses of xenografted muscles. It is hypoth-
esized that priorirradiation of host mice enriches engraftiment
of human myoblasts.
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Example 3

DUX4-F1 Expressing FSHD Cells Engraft

[0218] Five cell strains (described in Homma et al., Euro-
pean Journal of Human Genetics (2012) 20, 404-410) were
used for engraftment studies. Recent breakthroughs in the
field suggest that DUX4, a gene identified inside D474
repeats, is inappropriately expressed in the muscles of
patients with FSHD. The disease could arise though a toxic
gain of function. The precise molecular and cellular patho-
logical mechanism involving DUX4 remains to be uncov-
ered. Recent studies described the detection of two DUX4
transcripts, a long form (or full-length, fl) and a short form,
and while the role of the short form is still unclear, the long
form was specifically detected in FSHD samples, suggesting
a central role in the pathogenic mechanism.

[0219] Based on engraftability and expression of DUX4-fl,
cell strain selection for engraftment was refined to consist of
three strains derived from the biceps of patients affected by
FSHD, and three cell strains from corresponding unaffected
firstdegree relatives. DUX4-fl transcript and protein were
detected in cultured, differentiated myotubes for each of the
three FSHD cell strains, and was absent in each control. Two
control cell strains possessed at least one permissive allele for
the disease (4 qA), but repressed DUX4 transcription. The
third control strain did not contain the permissive allele (i.e.
was genotyped as 4 qB/4 gB), and was therefore an ideal
negative control for these studies.

[0220] Current theory predicts that DUX4 is actively tran-
scribed in an average of 1 out of a 1,000 FSHD-derived nuclei
at a given time. Recent engraftment trials have established
that over 100,000 human myonuclei can be integrated with
murine muscle. Adapting current theory to the invention’s
xenograft model, DUX4 might be expressed in greater than
100 nuclei in sizeable xenografts. This represents an amount
of DUX4 mRNA detectable using 55 cycles of nested PCR;
therefore, DUX4 expression at these levels should be detect-
able in xenografts from FSHD-derived myoblasts. Currently
the expression of DUX4 at the mRNA and/or protein level is
being assessed in FSHD- and control-transplanted TAs.

Example 4

Xenograft Integration with the Murine Skeletal
Muscle Environment: Innervation of Human Fibers

[0221] Injecting cultured human myoblasts into murine
skeletal muscle imposes a drastic environmental change. The
ability of human myoblasts to assimilate successfully with
host muscle is one important feature of a disease model.
Immunohistological assays have confirmed that injected
myoblasts successfully adapted to the murine microenviron-
ment and integrated with the host muscle. Innervation of
engrafted fibers by the nervous system of the host is important
to prevent atrophy. Immunohistology studies using antibod-
ies against neurofilament and Synaptic Vesicle protein 2
(SV2) were used to visualize afferent murine neurons in
transverse sections. SV2 immunofluorescence at the pre-syn-
aptic cleft was coupled with bungarotoxin-rhodamine stain-
ing at corresponding post-synaptic acetylcholine receptors to
demonstrate an active neuromuscular junction (FIG. 2). Neu-
romuscular junction dispersion was observed throughout the
muscle in specific patterns, directly innervating fibers in their
vicinity without appearing to discriminate between mouse
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and human. Neuromuscular junctions on human and mouse
fibers had no noticeable morphological differences. It is
likely that resulting human fibers are successfully integrating
with the murine musculature and nervous system.

Example 5

Xenograft Integration with Murine Skeletal Muscle
Environment: Satellite Cell Pool Replenishment

[0222] The ability of injected cells to contribute to long-
term muscle regeneration is dependent upon their inclusion
into the satellite cell pool of host muscle. Satellite cells are
muscle progenitor cells located beneath the basal lamina of
myofibers. They are activated in response to damage, causing
them to proliferate and fuse to form new myofibers during the
repair process. Satellite cells can be identified by the expres-
sion of the transcription factor PAX7 and their anatomical
location beneath the basal lamina. Using antibodies against
these distinct features coupled with human LaminA/C,
human nuclei that express PAX7 were identified. This indi-
cates that these cells have assumed a satellite cell identity
(FIG. 3).

Example 6

Development of a Tracking Strategy to Follow the
Transplant Over Time

[0223] Invivoimaging provides a powerful toolto track the
growth and survival of implanted muscle cells over time.
Lentiviral particles are highly efficient at infection and stable
integration of a gene of interest into a cell system. Lentiviral
particles expressing a firefly luciferase (Luc) reporter gene
provide a simple, long-term cell tracking system. Live small
animal in vivo imaging techniques can then be performed to
follow the destiny of transplanted Luc+cells over time. These
techniques have been used successfully to track the evolution
of muscle cell transplantations. Accordingly, a commercial
lentiviral vector carrying a luciferase reporter gene under the
control of a CMV promoter (SABiosciences, FIG. 4) was
used to develop stable Luc+FSHD and control myoblast cell
lines.

[0224] To develop cell lines that could be tracked in vivo
following engraftment, FSHD and their matching control
cells were seeded on day 0 and lentivirus infection was per-
formed on day 2 according to Manufacturer’s directions.
Cells were transduced using a 4-hour infection with a Multi-
plicity of Infection (MOI) of 50. Cells were further amplified
and maintained in culture under proliferative conditions
where they showed normal signs of proliferation and differ-
entiation. In vitro luciferase assays demonstrated luciferase
activity, confirming development of cell models that can be
used to track the destiny of the engrafted cells in vivo using
bioluminescence imaging techniques.

[0225] In short, these results demonstrate the successful
engraftment of FSHD cells into murine muscle with high
efficiency as well as the development of a method to track the
implanted cells in vivo. Live whole animal imaging experi-
ments will be carried out to investigate how engrafted FSHD
cells survive and regenerate compared to controls, and to
identify biomarkers specific to FSHD.

[0226] Luciferase-expressing FSHD cells are engrafted
into injured TA muscles, and their growth and differentiation
assayed over time in vivo using Bioluminescence Imaging
(BLI). Cell number is assessed as the bioluminescence signal
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derived from constitutive luciferase activity, and the linearity,
sensitivity, and reproducibility of the bioluminescence assay
for quantifying cell numbers will be first validated both in
vitro and in vivo.

[0227] For BLI studies, cell-transplanted animals are anes-
thetized prior to receiving an intraperitoneal injection of
Iuciferin (15 mg/ml at a dose of 130 mg/kg body weight
recommended) and assayed in an imaging chamber with a
Xenogen device. Images are acquired continuously for 30
minutes, and the same mice are imaged repeatedly over time
once a month for up to 6 months. It has been shown that the
dynamics of muscle cell behavior during muscle repair can be
followed using this imaging technique. In vivo BLI of same
mice imaged repeatedly over time has established the ability
of transplanted satellite cells to respond to serial injury with
successive waves of progenitor expansion and regeneration of
muscle fibers. The magnitude of the regeneration response to
sequential cardiotoxin injection, as monitored by imaging
luciferase activity, reflects the persistence and renewal of
stem cells over time. The relative regenerative responses of
FSHD versus control muscles over time will test whether
satellite cell regenerative capacity is impaired as an FSHD
disease mechanism.

[0228] Live in vivo imaging technologies provide a unique
technology to evaluate the role of satellite cell regenerative
potential and muscle fiber survival in FSHD disease progres-
sion. In addition to engraftment studies of affected FSHD
subjects, gene expression and regeneration and survival aree
evaluated in xenografts of myogenic cells from non-manifest-
ing FSHD subjects (i.e. individuals with shortened D474
arrays but no detectable signs of muscle weakness). While
cell culture studies have suggested that these non-manifesting
cells behave similarly to cells from subjects with clinically
diagnosed FSHD (e.g. expression of DUX4-1l), it is possible
that their in vivo characteristics will show reduced pathology,
providing opportunities to investigate modifiers of disease
progression.

Example 7

RNaseH1-Active Antisense Oligonucleotides
(ASOs)

[0229] As indicated in Tables 2 and 4, certain markers are
increased in subjects with FSHD relative to the levels of those
markers in first degree unaffected subjects. Therapeutic
effects are achieved by reducing the levels or biological activ-
ity of markers whose expression is upregulated in FSHD. In
particular the invention provides targeted for degradation
using RNaseHl-activating antisense oligonucleotides
(ASO’s) (“MOE gapmers”). The RNAseH1 ASO chemistry
provides for a 20 nucleotide phosphorothioate backbone
(5-10-5 gapmer). In particular, the oligonucleotide comprises
five nucleotides at each end with the 2'-O-(2-methoxyethyl)
(MOE) modification and ten central deoxyribonucleotides for
activation of RNase H1.

[0230] For screening purposes, cell cultures of the inven-
tion are contacted with ASOs and the cells assayed for an
amelioration of FSHD phenotype. In particular, the cells are
assayed for an increase in the biological function of the cell or
for an increase in the levels of one or more markers down-
regulated in FSHD. In another embodiment, ASOs are admin-
istered to a chimeric mouse comprising a human FSHD cell.
The chimeric mouse is then assayed for an increase in the
biological activity of a human FSHD cell or an increase in the
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level of expression of a marker down-regulated in FSHD. In
one embodiment, 25 mg/kg of the ASOs are administered by
sub-cutaneous injection at least about 2x per week for 4
weeks or more.

[0231] In particular embodiments, the effects of ASOs on
cells or chimeric mice of the invention are assayed using live
cell imaging, muscle fiber turnover, or biomarker expression.
In one embodiment, nude mice are treated to eliminate or
reduce the number of muscle stem cells and/or differentiated
muscle cell fibers and muscle stem cell replacement of
muscle fiber turnover is assayed.

Example 8

Validation with gPCR

[0232] Of'the 142 genes identified as candidate biomarkers
in the microarray study described above, 18 genes (9 of which
were up-regulated in FSHD vs. control myotubes and 9 which
were down-regulated in FSHD vs. control myotubes) have
now been evaluated on a larger collection of samples using
quantitative real-time PCR (qPCR). The samples are derived
from four of the five families from the microarray study and
four additional families. Clinical information for the samples
is given in Table 3. The qPCR experiments were performed
using the BioMark 96.96 Dynamic Array (Fluidigm) plat-
form with TagMan Gene Expression Assays (Applied Bio-
systems).

TABLE 3

Samples used in gPCR study.

Deltoid Biceps

Familial EcoRI/ strength strength
Subject relations Gender Age Blnl (kb) R, L) (R,L)
01A proband M 42 >40, 18 4+,5 4+, 3—
01U brother of 01A M 46 >40, >40 5,5 5,5
03A proband F 40 >40, 20 5,5 4+, 4+
03U sister of 03A  F 42 157, 80 5,5 5,5
05A proband F 55 67,25 5,5 5,5
05C brother of 05A M 49 67,25 5,5 5,5
05V son of 05A M 18 67 5,5 5,5
09A proband F 31 >112,25 5,5 4+, 4+
09U mother of 09A F 57 >112,47 5,5 5,5
12A daughter of 12B F 22 63,18 A+, 4+ 4+, 4+
120 daughter of 12B F 24 >112,>112 5,5 5,5
15A proband M 66 >112,28 5,5 4+, 4+
15v sister of 15A  F 60 >145,107 5,5 5,5
16A proband F 56 97,20 5-,5-  4-,4+
16U sister of 16A  F 60 97,93,56 5,5 5,5
21B daughter of 21A F 59 26,40 5,5 4+, 4+
210 daughter of 21A F 48 142, 63 5,5 5,5

The 18 genes assessed with qPCR are listed in Table 4 below,
along with their log(base 2) fold-change (LFC) between
FSHD and control myotubes and the associated statistical
significance (P-value) of this difference using qPCR. Table 2
also includes columns for the LFC and P-value from the
original microarray study for comparison.

TABLE 4
Genes tested with gPCR.
LFC P-value LFC P-value
Gene (qPCR) (qPCR) (microarray) (microarray)
PRAMEF1 15.36% 0.008* 1.33 3.90E-04
TRIMA43 12.77% 0.008* 2.59 7.30E-05
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TABLE 4-continued

Genes tested with gPCR.
LFC P-value LFC P-value
Gene (qPCR) (qPCR) (microarray) (microarray)
SLC34A2 11.30% 0.008* 2.23 4.00E-04
TRIM49 11.72% 0.008* 1.68 5.80E-04
TC2N 2.96 0.002 0.72 5.20E-05
DAG1 -0.73 0.002 -0.59 1.20E-05
PAX7 -1.79 0.027 -0.75 8.40E-05
CLYBL -0.5 0.03 -0.57 4.30E-04
MYF5 -1.72 0.068 -0.91 9.40E-04
ZNF445 -0.35 0.069 -0.31 4.10E-04
ATP2A1 -1.94 0.076 -1.82 8.70E-05
CD34 3.29 0.082 0.79 2.30E-04
MRAP2 -0.88 0.129 -0.93 1.30E-04
NAAA 0.36 0.154 0.52 1.60E-04
CALCRL -0.36 0.342 -1.17 8.40E-05
HSPAG 0.83 0.38 0.49 2.90E-04
SPATA17 -0.04 0.763 -0.49 6.10E-04
CD177 0.09 0.88 0.83 8.00E-04

Log(base 2) fold-change (LFC) for FSHD vs. control myotubes and the associated p-values
are shown for qPCR and also for the original microarray study. Negative values indicate that
the gene is down regulated in FSHD.

Asterisks (*) in qPCR columns indicate that the transcript was not detected in at least one
sample. In these cases the LFC may be inaccurate and a non-parametric sign test rather than
a t-test was used for computing the p-value.

Cycle threshold (Ct) values for each gene in each sample were
computed as the median Ct value of three technical qPCR
replicates, and were then normalized by additive scaling of all
Cts for each sample so that the average Ct of three reference
genes M6PR, HPRT 1, and PPIA was identical across
samples (and equal to the un-normalized mean of these three
genes across all samples). Transcripts of four genes
(PRAMEF1, TRIM43, SLC34A2, TRIM49, highlighted in
Table 4) were not detected with qPCR in one or more of the
samples. In these cases the normalized Ct value was set to 40,
which represents 2°0.67=1.6-fold lower transcript abundance
than the highest observed Ct of 39.33. The LFC estimates
may be inaccurate for these genes, and these estimates are
flagged with asterisks in the LFC column. Also, because this
treatment of non-detected transcripts may violate the assump-
tion of normality in t-tests, non-parametric sign tests were
used on the paired (by family) differences between FSHD and
control myotubes for these cases, indicated by asterisks in the
p-value column. Multiple FSHD samples in a single family
were replaced by their median value. In this test non-detected
transcripts are considered to have lower expression than
detected transcripts, but results do not otherwise depend on
the precise Ct value assigned the non-detected transcripts. For
genes that were detected in all the samples, p-values are bases
on t-tests of the contrast FSHD vs. control from linear models
with additive fixed effects for FSHD status and for family.
This generalized a usual paired t-test by accommodating
families with more than one FSHD subject.

[0233] All 9 genes that were up-regulated in FSHD in the
microarray study were also up-regulated in the qPCR study
(positive LFC in both cases), and all 9 genes that were down-
regulated in FSHD in the microarray study were also down-
regulated in the qPCR study (positive LFC in both cases).
This overall concordance is directionally of change is signifi-
cantly better than random (p=3.8e-6 by binomial test), and 6
of the genes individually showed significant differences
between FSHD and control myotubes in the qPCR study at
the p<0.01 level. Note that in the microarray analysis, to
moderate the effect of outliers when ranking the more-than
20,000 genes, a statistical model with a pooled estimate of
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variance across the myoblasts and myotubes derived from
biceps and deltoid biopsies was used, which further shrunk
estimates of variance across different genes towards a com-
mon mean (by use of empirical Bayes moderated t-statistics).
In the present qPCR analysis self-contained statistical tests
were performed on myotubes derived from biceps, with no
reference to myotube or deltoid samples, and sharing of infor-
mation across genes. These factors may explain why more of
the genes did not attain p<0.01 in the gPCR study.

[0234] Note that for each of the six genes with p<0.01 inthe
qPCR study (PRAMEFL TRIM43, SLC34A2, TRIM49,
TC2N, and DAG1) the FSHD vs. control paired differences
showed the same direction for all of the cohorts: For the first
five of these genes, each FSHD sample had a lower Ct value
(higher expression) than its paired control sample, and for
DAG1 each FSHD sample had a higher Ct value (lower
expression) than its paired control sample. A stronger result
held for PRAMEL TRIM43 and SL.C34A2: for these three
genes each FSHD sample had a lower Ct value (higher
expression) than all of the control samples, not just the sample
from the paired first-degree relative. This property is appeal-
ing for a biomarker since scores can then be assigned to
individuals without the requirement of first-degree relatives
as controls. However, the margin between the highest Ct
values of FSHD samples and lowest Ct value of control
samples was fairly small for these genes (0.56 Ct for
TRIM43, 1.06 Cts for SLC34A2, 1.68 Cts for PRAMEF1).

[0235] It was then tested whether the difference of Ct val-
ues between two genes would provide discrimination
between the FSHD and control samples with a larger margin,
and thus more likely to generalize to other samples. The use of
a simple difference rather than a more complex combination
involving more genes makes the test simpler, and also
removes the reliance on the choice of “housekeeping™ gene
(s), as these terms would cancel out so the difference is
self-normalizing. The precise cutofts for biomarkers would
still depend on qPCR primers and efficiency of qPCR reac-
tions, however, so should be recalibrated if these change.
[0236] Because the genes in the qPCR were selected on the
basis of differential expression in the microarray study,
assessing discriminants using the samples present in the
microarrays will be biased. Moreover, searching over all pairs
of genes introduces multiple hypotheses and the potential for
overfitting. To address these issues, the pair of genes to use,
and the cutoff on their difference to use as a discriminant,
were selected based only on the qPCR data for the eight
samples present in the microarray, so that the qPCR data for
the nine samples not present in the microarray study could
serve as an independent validation set. By examining all pairs
of the 18 genes with qPCR data, the difference (Ct for
PRAMEF1)-(Ct for PAX7) provided the maximum margin
between FSHD and control samples, of 4.49 Cts. (Non-de-
tected transcripts were assigned Ct of 40 during this maximi-
zation, and in application of the discriminant rule.)

[0237] The midpoint of the gap between FSHD and control
samples for this difference was 7.05, yielding the discrimi-
nant rule of: classify as FSHD if (Ct for PRAMEF1)-(Ct for
PAX7)<7.05, and classify as control otherwise. This rule
correctly classified all nine samples (five FSHD and four
control) that were not represented in the microarray experi-
ment (and hence played no role in selecting the genes
PRAMEF1 or PAX7, or the cutoff of 7.05). This is signifi-
cantly better than random guessing (p=0.002 by binomial
test). The margin between FSHD and control samples was
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slightly reduced when these additional nine samples were
included, but was still 3.32 Ct, roughly twice the best margin
(1.68) for Cts of any single gene when normalized by the
reference genes M6PR, HPRT 1, and PPIA.

[0238] Note the there are other pairwise differences that
give larger margins that 1.68, and in the above we have
focused just on the single maximal example chosen using a
subset of the samples to avoid multiple-hypothesis testing on
the validation samples. Other pairs with large margin are
typically differences between one gene up-regulated in
FSHD vs. controls and one gene down regulated in FSHD vs.
control.

Example 9

Using FSHD Biomarkers to Identify and Evaluate
the Efficacy of Antisense
Oligonucleotide-Morpholino Drugs Using FSHD
Myogenic Cells and Xenograft Muscles

[0239] Antisense oligonucleotides conjugated to morpholi-
nos are developed as inhibitors of the expression of FSHD
disease genes, using cultured FSHD myogenic cells (pre-
pared as described above in Example 1 and in Homma et al.)
and FSHD xenograft muscle derived by engraftment and
differentiation of FSHD myogenic cells into regenerating
mouse muscles as described above. Antisense oligonucle-
otide mopholinos are designed that have nucleotide
sequences designed to disrupt translation initiation, polyade-
nylation, and/or RNA splicing to knockdown expression of
targeted FSHD disease mRNAs and block production of their
encoded disease proteins. Specific antisense oligonucleotide
drugs will first be tested by introduction into FSHD myogenic
cells by electroporation or transfection with EndoPorter
(Gene Tools). Drug-treated FSHD and control cells are moni-
tored for evidence of cytotoxicity and changes in cell mor-
phology, myofiber differentiation, and the expression of
muscle protein biomarkers (desmin, MyoD, myogenin,
MyHC). The efficacy of selected antisense oligonucleotides
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to block expression of targeted FSHD disease gene RNAs and
proteins is evaluated by qPCR and immunoblotting assays.
The efficacy of the antisense oligonucleotides as candidate
FSHD drugs is evaluated by quantitative assays of the expres-
sion of FSHD disease biomarkers using qPCR, as established
above. Promising candidate antisense FSHD drugs are iden-
tified by their activities to restore expression of FSHD biom-
arkers to levels produced by control cells derived from unat-
fected individuals.

[0240] Promising candidates are then tested in FSHD
xenograft muscles by localized muscle injection and elec-
troporation or systemic injection of antisense oligonucle-
otides, followed by qPCR assays of the expression of FSHD
biomarkers and evaluation of hepatotoxic and immunostimu-
latory side effects over the time course of treatment. Anti-
sense drugs with promising therapeutic value are identified by
their activities to restore expression of FSHD biomarkers in
both FSHD cells and xenograft muscles to levels observed in
control myogenic cells and xenograft muscles derived from
unaffected individuals.

OTHER EMBODIMENTS

[0241] From the foregoing description, it will be apparent
that variations and modifications may be made to the inven-
tion described herein to adopt it to various usages and condi-
tions. Such embodiments are also within the scope of the
following claims.

[0242] The recitation of a listing of elements in any defini-
tion of'a variable herein includes definitions of that variable as
any single element or combination (or subcombination) of
listed elements. The recitation of an embodiment herein
includes that embodiment as any single embodiment or in
combination with any other embodiments or portions thereof.
[0243] All patents and publications mentioned in this speci-
fication are herein incorporated by reference to the same
extent as if each independent patent and publication was
specifically and individually indicated to be incorporated by
reference.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 41

<210> SEQ ID NO 1

<211> LENGTH: 88

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 1

accaagtttce agttcatgta aacatcctac actcagctgt aatacatgga ttggctggga 60
ggtggatgtt tacttcagct gacttgga 88
<210> SEQ ID NO 2

<211> LENGTH: 5904

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 2

aggcagaagc cggcggegeg cggacageca gteggegecyg cgceggagetyg gecgetggat 60
tggctgcaac actcgegtgt caggeggttyg ctaggcteceyg gecegegegee ccgeecttge 120

gctecagegee ctetcaccge ceggtacgtyg ctegegegaa ggetgeggeg cggegetege 180
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-continued

gectettagyg cttggeggtyg geggeggegyg cagettegeg ccgaatccce ggggagegge 240

ggtggeggeyg tectggggee aggaggageg aacacctgece geggtecteco cgecggeget 300

gggcacacga ctgtctatce cagatggetg cactggecta ggacagacgg ttcettcccee 360
agtacgtcaa gaccctggag ggtgcaaget acagaacage tgggctcctyg cattectcece 420
agaccctgte ttcagtagga caacaggcaa caaacttaaa tttgggtcaa gcgattccce 480
tgcctecaget tcctgagtag ctgggattac agatagccect gggatctect gaatttcecag 540
gttgggctac tcaggcatgg attgactcct acagttcagg cggatggaga tcccaccaac 600
ccacagctta attcttcaga tgctttatct tcatttctca tgtatcttca gttggcttcet 660
aatgctctgt gtgctecggg atggagecagg tgtgcagagg gtgagaacce agcetctggga 720
ccaagtcact tgcttectta cttagcaaga ctatcgactt gagcaaactt ggacctggga 780
tgaggatgte tgtgggecte tecgetgetge tgeccctetyg ggggaggace tttcetectee 840
tgctetetgt ggttatggcet cagtcccact ggeccagtga accctcagag gctgtcaggg 900
actgggaaaa ccagcttgag gcatccatge actcagtget ctcagaccte cacgaggctg 960

ttcccacagt ggttggcatt cctgatggca cggctgtegt cgggcgctca tttcecgagtga 1020
ccattccaac agatttgatt gecctccagtg gagatatcat caaggtatca gcggcaggga 1080
aggaggcttt gccatcttgg ctgcactggg actcacagag ccacaccctg gagggcctcece 1140
ccettgacac tgataagggt gtgcattaca tttcagtgag cgctacacgg ctgggggceca 1200
acgggagcca catcccccag acctccagtg tgttcectecat cgaggtctac cctgaagacce 1260
acagtgagct gcagtcggtg aggacagcct ccccagacce tggtgaggtg gtatcatctg 1320
cctgtgetge ggatgaacct gtgactgttt tgacggtgat tttggatgcce gacctcacca 1380
agatgacccc aaagcaaagg attgacctce tgcacaggat gcggagcttce tcagaagtag 1440
agcttcacaa catgaaatta gtgccggtgg tgaataacag actatttgac atgtcggect 1500
tcatggctgg cccgggaaat gcaaaaaagg tggtggagaa tggggccctt ctcectectgga 1560
agctgggcetg ctccectgaac cagaacagtg tgcctgacat tcatggtgta gaggcccctg 1620
ccagggaggg cgcaatgtct gcectcagettg gctaccetgt ggtgggttgg cacatcgeca 1680
ataagaagcce ccctcettece aaacgegtcec ggaggcagat ccatgctaca cccacacctg 1740
tcactgccat tgggcecccca accacggeta tcecaggagece cccatccagyg atcgtgecaa 1800
cceccacate teccagccatt getcecteccaa cagagaccat ggctcecctceca gtcagggatce 1860
ctgttecetgg gaaacccacg gtcaccatce ggactcgagg cgccattatt caaaccccaa 1920
ccetaggecce catccagect actcecgggtgt cagaagetgg caccacagtt cctggccaga 1980
ttcgecccaac gatgaccatt cctggctatg tggagcctac tgcagttget acccctecca 2040
caaccaccac caagaagcca cgagtatcca caccaaaacc agcaacgcect tcaactgact 2100
ccaccaccac cacgactcgce aggccaacca agaaaccacyg gacaccccegyg ccagtgecce 2160
gggtcaccac caaagtttce atcaccagat tggaaactgc ctcaccgect actcecgtattce 2220
gcaccaccac cagtggagtg cccegtggeg gagaacccaa ccagcgecca gagctcaaga 2280
accatattga cagggtagat gcctgggttg gcacctactt tgaggtgaag atcccgtcag 2340
acactttcta tgaccatgag gacaccacca ctgacaagct gaagctgacc ctgaaactgce 2400

gggagcagca gctggtggge gagaagtcct gggtacagtt caacagcaac agecagetca 2460
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tgtatggcct tcccgacage agccacgtgg gcaaacacga gtatttcatg catgccacag 2520
acaagggggg cctgtegget gtggatgect tegagatcca cgtcecacagyg cgcccccaag 2580
gggatagggc tcctgcaagg ttcaaggcca agtttgtggg tgacccggca ctggtgttga 2640
atgacatcca caagaagatt gccttggtaa agaaactggce cttcegecttt ggagaccgaa 2700
actgtagcac catcaccctg cagaatatca cccggggctce catcgtggtg gaatggacca 2760
acaacacact gcccttggag ccctgeccca aggagcagat cgetgggetyg agcecgecgga 2820
tcgctgagga tgatggaaaa cctcecggectg ccttcectecaa cgccectagag cctgacttta 2880
aggccacaag catcactgtg acgggctctg gcagttgteg gcacctacag tttatcecctg 2940
tggtaccacce caggagagtg ccctcagagg cgecgceccac agaagtgect gacagggace 3000
ctgagaagag cagtgaggat gatgtctacc tgcacacagt cattccggcce gtggtggtcg 3060
cagccatcct getcattget ggcatcattg ccatgatcetg ctaccgcaag aagcggaagg 3120
gcaagcttac ccttgaggac caggccacct tcatcaagaa gggggtgect atcatctttg 3180
cagacgaact ggacgactcc aagcccccac cctectcecag catgecacte attctgcagg 3240
aggagaaggc tccectacce cctectgagt accccaacca gagtgtgecce gagaccacte 3300
ctctgaacca ggacaccatg ggagagtaca cgeccctgeg ggatgaggat cccaatgcege 3360
ctecectacca gececcaccg cecttcacag cacccatgga gggcaaggge tccegtecca 3420
agaacatgac cccataccgg tcacctecte cctatgtecce accttaacce gcaagcgect 3480
gggtggaggc agggtagggc aggggcctgg agacgacatg gtgttgtcectg tggagaccgg 3540
tggcctgcag accattgccce accgggagec gacacctgac ctagcacaca ctgacacagg 3600
ggcctggaca agcccgecct ctetggtect cccaaaccec aaagcagcetg gagagacttt 3660
ggggactttt ttatttttat tttttgccta acagcttttg gtttgttcat agagaattct 3720
tcgcttecatt tttgatggcet ggctctgaaa gcaccatgtg gagtggaggt ggagggagcyg 3780
aggaaccatg aatgaactcg caggcagtgc cgggcggcecce cctggctcte tgegttttge 3840
ctttaacact aactgtactg ttttttctat tcacgtgtgt ctagctgcag gatgtaacat 3900
ggaaaacagt aactaaagat taaattcaaa ggactttcag aagttaaggt taagttttta 3960
cgtttaatct gectgtttacc taaacttgta tgtataattt ttgggtgggt atggggaatt 4020
gctttgctaa aaataagctce ccagggtgtt tcaaacttag agaagaccaa gggacagtat 4080
tttttatcaa aggaatacta ttttttcaca ctacgtcaac ttggttgctc tgatacccca 4140
gagcctgatt gggggcctcee cggecctgge tcacgccaag tcecctggtge tgggtttget 4200
ctececegetgt tgccaggggce tggaagcetgg aggggtcetcet tgggccatgg acatccccac 4260
ttccagecca tgtacactag tggcccacga ccaaggggtce ttcatttcca tgaaaaaggg 4320
actccaagag gcagtggtgg ctgtggccce caactttggt gectceccagggt gggccagetg 4380
cttgtggggg cacctgggag gtcaaaggtc tccaccacat caacctattt tgttttacce 4440
tttttectgtg cattgttttt ttttttecte ctaaaaggaa tatcacggtt ttttgaaaca 4500
ctcagtgggg gacattttgg tgaagatgca atatttttat gtcatgtgat gctctttect 4560
cacttgacct tggccgcttt gtecctaacag tccacagtcecce tgccccgacce caccccatce 4620
cttttectetg gecactccagt cccaggectt gggectgaac tactggaaaa ggtctggegg 4680

ctggggagga gtgccagcaa tagttcataa taaaaatctg ttagctctca aagctaattt 4740
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tttactaaag tttttataca gcctcaaatt gttttattaa aaaaaagatt taaaatggtg 4800
atgcttacag cagtttgtac gagctcttaa gtgttgattc catggaactg acggctttgce 4860
ttgttttgat tcttttcecece ctacttttcee taatggttta aattctggaa ttacactggg 4920
gttcttttge cttttttage agaacatccg tceccgtceccate tgcatctectg tceccatgact 4980
caggggcgcece cactcectgett cgattctcect cctgtggaag aaaccatttt gagcatgact 5040
tttcttgatg tctgaagegt tattttgggt actttttagg gaggaatgcc tttcgcaata 5100
atgtatccat tccctgattg agggtgggtg ggtggaccca ggctceccttt gcacacagag 5160
cagctacttc taagccatat cgactgtttt gcagaggatt tgtgtgtgct gectcaggag 5220
gggagggctyg gtaggagggg gggagaggtc tctgtcecctac tgctctceccag agggcattte 5280
ccettgegece ttceteccaca gggcccagcee cctetecect gecccagtee ccagggggta 5340
ctctggagtg agcagtgccce ctgtggggga gcctgtaaat gecgggctcag tggaccactg 5400
gtgactgggc tcatgcctcee aagtcagagt ttccctggtg ccccagagac aggagcacaa 5460
gtgggatctyg acctggtgag attatttctg atgacctcat caaaaaataa acaattccca 5520
atgttccagg tgagggcttt gaaaggcctt ccaaacagct ccgtcecgccce tagcaactcce 5580
accattgggce actgccatgc agagacgtgg ctggcccaga atggcctgtt gecatagcaa 5640
ctggaggcga tggggcagtg aacagaataa caacagcaac aatgectttyg caggcagcect 5700
gcteecctga gegetggget ggtgatggece gttggactet gtgagatgga gagccaatct 5760
cacattcaag tgttcaccaa ccactgatgt gtttttattt ccttctatat gattttaaga 5820
tgtgttttct gecattctgta aagaaacata tcaaactaaa taaaagcagt gtctttatta 5880
caacgcaaaa aaaaaaaaaa aaaa 5904
<210> SEQ ID NO 3

<211> LENGTH: 2229

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 3

teceggegece cgcegecgect cegetgeggg tegggagege gegtetceege cgcacctegg 60
atctaggagce tactcgeccg geectgggeg gtgggaggeyg geggeggegyg cggegetege 120

gecacctegga ggagcecagga gecggaacca gggccgagee cgegggecegyg ggctagecag 180

cecggteggag atgtecgece agaggttaat ttctaacaga acctcccage aatcggcate 240
taattctgat tacacctggg aatatgaata ttatgagatt ggaccagttt cctttgaagg 300
actgaaggct cataaatatt ccattgtgat tggattttgg gttggtcttg cagtcttegt 360
gatttttatg ttttttgtge tgaccttgct gaccaagaca ggagccccac accaagacaa 420
tgcagagtce tcagagaaga gattcagaat gaacagcttt gtgtcagact ttggaagacce 480
tctggagceca gataaagtat tttctegeca aggcaacgag gagtccaggt ctctcetttca 540
ctgctacatce aatgaggtgg aacgcttgga cagagccaaa gcttgtcacce agaccacagce 600
ccttgacagt gacgtccaac tccaggaagce catcagaage agtgggcage cagaggagga 660
gctgaacagyg ctcatgaagt ttgacatccce caactttgtg aacacagacc agaactactt 720
tggggaggat gatcttctga tttctgaacc acctattgtt ctggaaacta agccacttte 780

ccagacctca cacaaagacce tggattgaga aacatgetet gtaaagggte ttcectgaaga 840
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tgtggattct atctttatgt agcaagaaat ctacatccac caaaattgtg tgtgtttggg 900
ggagagagag acatagagat agagacagag aggcagagaa gagacccctt tagaagagag 960

ctgagctgat taagctgagt ggttttttgt tttgttttgt ttttgctttt taatacattt 1020
ggagctttgg gagtattaaa gtatttacac caagcttgtc caacccgtgg catgtgtcecce 1080
aggacagctt tgaatgtggc ccaatacaaa ttttaaactt tattaaaaca tgagttttgt 1140
tttttttttt gectatttttt ttaaagctcg tcagctatcg ttagtgttag tgtactttat 1200
gtgtggccca agacaactct tcttceccagtg tggcacaggg aagctaaaag attggacacce 1260
tctgatttat actagctegt tttgcttgtt gaaaaatttg gccaaatacc tattgtcagce 1320
attcttgggt gaggattagc ctaccatgtt ctaatctggce cctgccacta ctatgctcta 1380
cctttggtga gttgctttac ctectcectggge tgccccattt ttaactgtag gttgacaggt 1440
ctagagtgat ccatcccacc tctaatattt tgtgaattta tgactttgcc ttcagatgag 1500
gctgagctat acataaaaca gtataaacta gggtactgcec tcecgtatctct tgtaggetcet 1560
ctcaaatctc tgtaccttecc acttaaccct aattgagcca agctttagtce aggggatctg 1620
gttgtctacc agaatgtcag gagactcatc ttacacagtc atggtggcca atgtttetgg 1680
tgggttgtgce tgaaacagct cttctgagaa cttccaacca cccatgctcet aacctggaga 1740
cagccatccce ctgcctcaga ataagtacca attcgtagta catgtatggt actcttgtcece 1800
ccaagaaatg ttaggaagct tgtcagctga atgagaggag gtgccttctg ggtatctcectg 1860
tgttggtgta tctgtgccat tggctacaga acaagaaaaa tactatttgc catgctatta 1920
ccttggcaga tgtgtaggtg atagtcatct ggectttgage tgagatggtce agtgggttgt 1980
aaattcccca ctagcagata ttcagggtgg cctgagttat gtaaacaagt gagcaacaca 2040
gctttaattt catggaggaa tcaaagctgc acactggtat taaaacaact tgattttgeg 2100
cacacagttg catgcatggc aagctgttaa cctectgggtg gcattttcat tatgaatttg 2160
ttcaccacct gtcttgctta agctacaaaa taaatgcatt tgactgcaca gaaaaaaaaa 2220
aaaaaaaaa 2229
<210> SEQ ID NO 4

<211> LENGTH: 409

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 4

gtgcagagac tcaagacaga tatgaccacg tgaagagaca actgtaaaac aagtggaatt 60
agagaataaa atcccagcac gatgttecte actggagaca ccagtccage tgaggacaat 120
agagaagcca cccttectea atgttcactt ccagaattat atgecatgtat tgagaatttt 180
aataaggaga gcaagaaatc aaatcttcta aaaatgecatg gtatttcact taacgaagca 240
caggaagtac ttgctagaaa cctgaatgte atgtcatteca ccaggggege tgatgtgaga 300
ggagatctce aacctgttat cagtgtcaat aaaatgaaca agcctggaaa acatagaaag 360
accccatcte caaaaataaa taaataaata aataaataaa taaaaatta 409

<210> SEQ ID NO 5

<211> LENGTH: 3570

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens
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<400> SEQUENCE: 5

ggccggetge tcaagtggga cgggggtcag agetttgtgg agggaagaaa aacctggagg 60
gggcaggaga gtaaaaagaa gaaacccagg cagacaggca gttggacaca ctgaggaaga 120
ccecececacga gtgggaacce cctggaagga acacaccggce cccggcecccece aggaagggag 180
cacaatggag gccgctcatg ctaaaaccac ggaggaatgt ttggcctatt ttggggtgag 240
tgagaccacg ggcctcacce cggaccaagt taagcggaat ctggagaaat acggcctcaa 300
tgagctcecct gctgaggaag ggaagaccct gtgggagcetg gtgatagagce agtttgaaga 360
ccteectggtg cggattctece tectggecge atgcatttee ttegtgetgg cctggtttga 420
ggaaggtgaa gagaccatca ctgcctttgt tgaacccttt gtcatcctet tgatcctcat 480
tgccaatgcc atcgtggggg tttggcagga gcggaacgca gagaacgcca tcgaggccct 540
gaaggagtat gagccagaga tggggaaggt ctaccgggct gaccgcaagt cagtgcaaag 600

gatcaaggct cgggacatcg tccctgggga catcgtggag gtggetgtgyg gggacaaagt 660

ccctgcagac atccgaatce tegecatcaa atccaccacg ctgegggttyg accagtccat 720
cctgacagge gagtctgtat ctgtcatcaa acacacggag cecgttectg acccccgage 780
tgtcaaccag gacaagaaga acatgctttt ctegggecacce aacattgcag ccggcaaggce 840
cttgggcate gtggecacca ctggtgtggg caccgagatt gggaagatce gagaccaaat 900
ggctgccaca gaacaggaca agaccccctt gcagcagaag ctggatgagt ttggggagea 960

gctectceccaag gtcatctcece tcatctgtgt ggctgtctgg cttatcaaca ttggccactt 1020
caacgacccce gtccatgggg gcectectggtt ccgeggggece atctactact ttaagattgce 1080
cgtggecttg getgtggetyg ccatccccga aggtcecttect gecagtcatca ccacctgect 1140
ggcecectgggt accecgtcegga tggcaaagaa gaatgccatt gtaagaagcet tgccctceegt 1200
agagaccctg ggctgcacct ctgtcatctg tteccgacaag acaggcaccce tcaccaccaa 1260
ccagatgtct gtctgcaaga tgtttatcat tgacaaggtg gatggggaca tctgcctect 1320
gaatgagttc tccatcaccg gctceccactta cgctccagag ggagaggtct tgaagaatga 1380
taagccagtc cggccagggce agtatgacgg gctggtggag ctggccacca tcetgtgcect 1440
ctgcaatgac tcctecttgg acttcaacga ggccaaaggt gtctatgaga aggtcggcga 1500
ggccaccgag acagcactca ccaccctggt ggagaagatg aatgtgttca acacggatgt 1560
gagaagccte tcgaaggtgg agagagccaa cgectgcaac teggtgatcce gecagctaat 1620
gaagaaggaa ttcaccctgg agttctccecg agacagaaag tccatgtcectg tctattgetce 1680
cccagccaaa tectteccecggg ctgctgtggg caacaagatg tttgtcaagg gtgcccectga 1740
gggcgtcate gaccgctgta actatgtgeg agttggcacce acccgggtgce cactgacggg 1800
geeggtgaayg gaaaagatca tggeggtgat caaggagtgg ggcactggec gggacaccct 1860
gegetgettyg gecctggeca ccocgggacac ccccccgaag cgagaggaaa tggtcectgga 1920
tgactctgee aggttcctgg agtatgagac ggacctgaca ttcgtgggtg tagtgggcat 1980
gectggaccecet cegegcaagg aggtcacggg ctcecatccag ctgtgecgtg acgecgggat 2040
ccgggtgate atgatcactg gggacaacaa gggcacagcc attgccatct gecggcgaat 2100
tggcatcttt ggggagaacg aggaggtggc cgatcgcegcece tacacgggcece gagagttcega 2160

cgacctgeccce ctggctgaac agcgggaagce ctgccgacgt gectgetget tegeccegtgt 2220
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ggagcccteg cacaagtcca agattgtgga gtacctgcag tcectacgatg agatcacagce 2280
catgacaggt gatggcgtca atgacgccce tgccctgaag aaggctgaga ttggcattgce 2340
catgggatct ggcactgccg tggccaagac tgcctctgag atggtgctgg ctgacgacaa 2400
cttctecace atcgtagetg ctgtggagga gggccgcegcece atctacaaca acatgaagca 2460
gttcatcege tacctcattt ccteccaacgt gggcgaggtyg gtcectgtatct tcectgaccge 2520
tgcecectgggg ctgcctgagg cectgatcce ggtgcagetg ctatgggtga acttggtgac 2580
cgacgggete ccagccacag ccctgggett caacccacca gacctggaca tcatggaccg 2640
cceceeecgg agcecccaagg agceccctcat cagtggetgg ctettettee getacatgge 2700
aatcgggggce tatgtgggtg cagccaccgt gggagcagcet gectggtggt tectgtacgce 2760
tgaggatggg cctcatgtca actacagcca gctgactcac ttcatgcagt gcaccgagga 2820
caacacccac tttgagggca tagactgtga ggtcttcgag gecccccgage ccatgaccat 2880
ggcecectgtee gtgectggtga ccatcgagat gtgcaatgca ctgaacagcec tgtccgagaa 2940
ccagtcectg ctgcggatge caccctgggt gaacatctgg ctgctggget ccatctgect 3000
ctccatgtecce ctgcacttece tcatcctcta tgttgaccce ctgccgatga tcettcaaget 3060
ccgggecectg gacctcacce agtggctcat ggtecctcaag atctcactge cagtcattgg 3120
gctecgacgaa atcctcaagt tcecgttgcteg gaactaccta gagggataac tgttcccect 3180
cctccatete tgagecccecgtyg tcacagatce agaagatgaa agaaggaagt gagcatcctt 3240
ttgctetgte ctccccacce cgatagtgac acatcttcag gcagagctgt ggcacagacce 3300
ccegtectgt ceccccacace cgtgtcatgt gtetgtttat aaacatgtce ccecttececttt 3360
ccttececect cggccacceg cctecectete aaccttgtaa attcecectte ccaaccccecga 3420
ggggcttgca gggacaaggc gaccgactgce gctgagctge ttatttattg aaaataaacyg 3480
acggaaaagt ctggccttge ctectgtgcaa gcttggagge ctgggtcgece getgtgaaaa 3540
aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa 3570
<210> SEQ ID NO 6

<211> LENGTH: 5779

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 6

aggcaaaggg cggggcgege gegtegggaa gatggegeta cgtetgetge ggagggegge 60
gegeggaget geggeggegg cgctgetgag getgaaageg tcetctageag ctgatatcec 120
cagacttgga tatagttcct catcccatca caagtacatce cecceggaggg cagtgettta 180
tgtacctgga aatgatgaaa agaaaataaa gaagattcca tccctgaatg tagattgtge 240
agtgctcgac tgtgaggatg gagtggctge aaacaaaaag aatgaagcetce gactgagaat 300
tgtaaaaact cttgaagaca ttgatctggg ccctactgaa aaatgtgtga gagtcaacte 360
agtttccagt ggtctggegg aagaagacct agagaccctt ttgcaatcce gggtecttece 420
ttccagectyg atgctaccaa aggtggaaag tcctgaagaa atccagtggt ttgcagacaa 480
attttcatte cacttaaaag gccgaaaact tgaacaacca atgaatttaa tcccttttgt 540
ggaaactgca atgggtttge tcaattttaa ggcagtgtgt gaagaaaccce tgaaggtcgg 600

gectcaagta ggtctettte tagatgcagt cgtttttgga ggagaagact ttegagecag 660
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cataggtgca acaagtagta aagaaaccct ggatattcte tacgcccgge aaaagattgt 720
tgtcatageg aaagcectttyg gtctccaage catagatctyg gtgtacattg actttcgaga 780
tggagetggg ctgcttagac agtcacgaga aggagccgece atgggcttca ctggtaagca 840
ggtgattcac cctaaccaaa ttgccgtggt ccaggagcag ttttctectt cecectgaaaa 900
aattaagtgg gctgaagaac tgattgctge ctttaaagaa catcaacaat taggaaaggg 960
ggcctttact ttccaaggga gtatgatcga catgccatta ctgaagcagg cccagaacac 1020
tgttacgctt gccacctceca tcaaggaaaa atgatctgtt aaatgaagct gtcatcaggce 1080
taaagggtat tgaagctgca gagggatcaa cttgtgcttg ccagaggacg ccaatgaagt 1140
ttgaaacacc aacaatcaga gattttgttt ctgttcctca ttaaatcatg agecttttgtg 1200
ccgagactct ggacgactgt tccttaagaa attaacagaa tgggaagttt taaactctac 1260
accaaccttt tcatgaccta cacagcagca acgctgctac tcttagacaa acaccgcggg 1320
gaaggctgtt ctgtttattt aaatttgtaa atagaaaaca gttgtttttt actttcattt 1380
ttcacctect cctacgcect tttggattat ttectcectgeg geccectagca tgagcecccaa 1440
ccaggcctcece cctttteecee acttctetca attcecccacag gaagcccgag aggtgaggag 1500
ctgaggttag acaccaggag aggcaccatc acacaaaagce gcggccgcag agtcccaccg 1560
ccaccaggeg acccccacce agagagggac agacatgegg ggagccagca ccgggcaaga 1620
tggctectggg gatcctcatt ctgtgaagac accaactcat ttctcaaaca caggatccag 1680
gagacagata gctcctaaat ggagatggca catgctccecgt ggggtccctce atagaggagt 1740
gecaccctee acactggceca cgctgggetg ccccagageg gecagaaagg aaggtgggag 1800
ctageccccat cctcactcag aggccggaag gaggaagatg gcatctcegece aacttcagag 1860
ccgaatggee tctagecaca ctgcttecag accccagacyg gggcagcage agcagttcce 1920
agaggagcac ccattgttgc agctaggacc caccaaggat gggactcctg gagtcaggtg 1980
cacaccaggt aacccaggac cacgctgtge acccccagte tgcccctetyg ctcagaacac 2040
agagggatgg gaggatggct tggcagtggg aaggcaaaag aaggcctcte tcactctgece 2100
cctgecatac gcaccegetyg agggtgttag aagcagtgga ggcagagetyg gccctaagca 2160
aaagaagaaa ataaacctca ccttgtecctt cctatgggca geccctcacce caatctaact 2220
aacctteccca tecteccagec taatccaaag aageccttgg cttgagggga tgaagggcett 2280
gegttcetagt ctecacccca gcocccacagg cagccagceca gecageccca cacagagggyg 2340
cctectcaag gectcactgg gagcectectyg tecccageca aggagcccta cagacctggg 2400
gaaaagcagyg cccctecgea aggeccectgg gtggtgegga ggccggacceg gcetaggecte 2460
ccgctgetgg ccactcccag gecacgggtt cctaggtcecce aaccacattg gactgctegce 2520
cacgccactg ccctcatcec aaactgcttt gttcaaacaa aaccaccttg tttcagtcte 2580
cccaaatgtc cagttcatta tcecttcectcat aacccatggt cecctattagg gtaggatcat 2640
gagactaaga cctatgagag ccacaaatct ggaccaaagt cccattccct gaacagagac 2700
ccaaacgacg agggtcccag aagagagttc agtcctgatc agaaacccat ggtgcecttag 2760
tcettgaaga acaaaactcect aggaagaaga tgctggaagg caaagggtat tceccccctcett 2820
tceccacceg cgtetetgtyg gtgccatggg tgggcccagg taccctggga aaggtgggag 2880
agcagtcaag ggtgggtgtg tgatctccac tgggctcact gggcacccecce gacacgggga 2940
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agtgagagct gcccgactce tgagccagge gtgggtgaca ggaagaggac cttgcagcta 3000
atctgattca ttagaaacca tacctgttta tgttttgtgt agctcatcac aagccgctta 3060
gccatatcac ccccgttatt aattcttggg gtctaaatta tgggtaacac tattaaaaca 3120
ttatcagaac taatgagaaa caattactta gaaaatgagc cgggacaaga ctgagttggg 3180
aacatcagtg gtgatcactg tagattagtt taataaatca tcaggtgcaa ggcaagactg 3240
actgtatgta tgcaaagccc cgtcacggga aaatgaaatt gagatttttt ttttttgcat 3300
aattttttca ttaatctcaa taggacccgt gtggtgtaga ttgctttatt cccctaatac 3360
cttgcctgag gecgggggggy gggggggtgce ccaataatgt cttcattgtt ttactgaggt 3420
cttaatgaca atctgtgaca acctcatttt aatgtataga ggattatatc aatacagtca 3480
tgttttattg aaatggtgaa gggaactcca gtcagagtca ggcagtgtct gtgagcacaa 3540
gttaggaagt ttctcggcat ccgggagegt tcccecgtctga tgtcccagtg ttagtcectcece 3600
cggeegecct cccctectet cctcecaggga cggetgggaa aacagtcectyg cgggatgaag 3660
acttcaccgce ctccgatttg aatttgaaag taactccttce cgtggcatat ttegetgggce 3720
agatagaaca aaccatgtcg ttttcceccceg tctctaaaat agacatatta ttatcattca 3780
cacttttgca cccggtcecgtt ttgcgggagt tcgggaaact gactttctte attggggaca 3840
ttgtaatttt ctgatgatgc cacgaggaga aaaaaaatac gggtttgttt taattggaag 3900
gaccttcege ttttatgatt tcggtttacce ttggaaaact gaatcttctg tgttttattt 3960
ctttccteta gtactagaaa agcaatgaat taattgcaca aaacaggttc tgagacggcce 4020
cgcaggecce gagetegtgg acgcggecga gggtegggtyg tgacccegegyg agecgetgece 4080
aggcttccca getegtette geggggagge gggaggcagyg accagacccece agcatttcag 4140
cgtgaaagtc ttcgecttte ttteccecgeget gtettteceg cgggcggage ggcgtacctg 4200
agcgeggtece ccacggagga tcagtgactt teccagacce cgegggcegag cccgegettyg 4260
ggacccggca gctetgegeg ggetggtttt ggagggggtyg gtgttegttt gtttaaatte 4320
cagttgttat ttggcagcat atcgccttce gagtcagtaa gaattgccca cgacgtaaag 4380
agcgacttge aggaaggggc cgaagccgte gttagegece gggeggcegge ggccactcga 4440
accecegttte cgccaagege gcetgcaacct geggggegag ttegttttgt tttgccaaaa 4500
tcatttgggg acttctttgt cattcatgec cttoctttta aatgattttt atttttttec 4560
actgtaagtg accggctggg tttgactttt gcttettceceg acggaagggce accgcgagec 4620
ggggtgggeyg geccegeggg caggaggage gceggggtaca cgeggtggec gcagacgecyg 4680
agccetgegg agcecccgagg cctegtegee cgegecceeg gtgegegegyg agcecggggec 4740
gaggccggge caggaggagt gtggeggecce aggaggectg gactgtggge cctgetcegece 4800
cgecegecge gggecgeccg gagceccegege gectgtegeyg cageccgget gtaatggtgg 4860
cagatcaaag gcggceccegt gtcccegegg ageccgggac aatcccgege ctttgtgege 4920
tgttgctagg agcccgagaa actaagagaa agtgtcagga gcatgttaat cagactcgtt 4980
acactgtaac aataacgtct ctctcecgggte tcccaggecce cagtacccece gegcaccctg 5040
cgegeaggee ggacacctge gcagggecct tgegeccgee ctggggtece gecggecctyg 5100
gggtccctyge agecccgaat ccgcacccga gecacgegga acgactagec ccgaggggec 5160

ccgcaggcete cecggtgcage tecctggtceg tggtcectectt gaccgaagece ccggectcac 5220
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accgectgge cgcgageccg agggacgcag ggacgatccee ggteccctge ttttcagtcee 5280
tccagtegaa tecgcccactt tgttcaatca cagtattcega atcaagagga aaatgaacat 5340
tcectttatg gtagettttt ggttatgagt tttggcaaaa ctgttaaatc aactttgecg 5400
atttcececttg ggaatccecetyg gaggccactce taagtggtaa tcccaagttt aagaaggaaa 5460
tggggaaatt ttgctgagag taaagatgtc gccgaacttt ttgaagggat ttgcttcatt 5520
cattcattta gtcattcaac agacacctgt tgaacccgac tgggtgccag aggggccagt 5580
cacaggactt attccagatg aacttttctt ttgaaattag aatgcccttg tggaagccaa 5640
aggaggagca gaggcctaaa ataatgtcaa gtgtcaaagc aaaaagaagt gccattggcet 5700
actacagtgt gtgatgataa caagagaggt gcgaattagg aattaaaaac gtttgaaaaa 5760
ctacaggcca aaaaaaaaa 5779
<210> SEQ ID NO 7

<211> LENGTH: 5006

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 7

getgetgate acttacaatc tgacaacact tacaatctac tcagaacaac ctctctctet 60
ccagcagaga gtgtcacctce ctgctttagg accatcaage tctgctaact gaatctcate 120
ctaattgcag gatcacattg caaagctttc actcttteee accttgettyg tgggtaaatce 180
tcttetgegyg aatctcagaa agtaaagttce catcctgaga atatttcaca aagaatttce 240
ttaagagctyg gactgggtct tgacccctga atttaagaaa ttcttaaaga caatgtcaaa 300
tatgatccaa gagaaaatgt gatttgagac tggagacaat tgtgcatatc gtctaataat 360
aaaaacccat actagcctat agaaaacaat atttgaaaga ttgctaccac taaaaagaaa 420
actactacaa cttgacaaga ctgctgcaaa cttcaatttyg tcaaccacaa cttgacaagg 480
ttgctataaa acaagattgc tacaacttct agtttatgtt atacagcata tttcattttg 540
gcttaatgat ggagaaaaag tgtaccctgt attttcectggt tetcecttgect ttttttatga 600
ttettgttac agcagaatta gaagagagtc ctgaggactce aattcagttyg ggagttacta 660
gaaataaaat catgacagct caatatgaat gttaccaaaa gattatgcaa gaccccattce 720
aacaagcaga aggcgtttac tgcaacagaa cctgggatgg atggctctge tggaacgatg 780
ttgcagcagg aactgaatca atgcagctct gecctgatta ctttcaggac tttgatccat 840
cagaaaaagt tacaaagatc tgtgaccaag atggaaactg gtttagacat ccagcaagca 900
acagaacatg gacaaattat acccagtgta atgttaacac ccacgagaaa gtgaagactg 960

cactaaattt gttttacctg accataattg gacacggatt gtctattgca tcactgctta 1020

tctegettgg catattcttt tatttcaaga gcctaagttg ccaaaggatt accttacaca 1080

aaaatctgtt cttctcattt gtttgtaact ctgttgtaac aatcattcac ctcactgcag 1140

tggccaacaa ccaggcctta gtagccacaa atcctgttag ttgcaaagtg tcccagttca 1200

ttcatcttta cctgatgggc tgtaattact tttggatgct ctgtgaaggce atttacctac 1260

acacactcat tgtggtggcc gtgtttgcag agaagcaaca tttaatgtgg tattattttce 1320

ttggctgggg atttccactg attcctgcectt gtatacatge cattgctaga agcttatatt 1380

acaatgacaa ttgctggatc agttctgata cccatctect ctacattatc catggcccaa 1440
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tttgtgctge tttactggtyg aatctttttt tcttgttaaa tattgtacge gttctcatca 1500
ccaagttaaa agttacacac caagcggaat ccaatctgta catgaaagct gtgagagcta 1560
ctcttatcectt ggtgccattg cttggcattg aatttgtget gattccatgg cgacctgaag 1620
gaaagattgc agaggaggta tatgactaca tcatgcacat ccttatgcac ttccagggtce 1680
ttttggtcte taccattttce tgcttcecttta atggagaggt tcaagcaatt ctgagaagaa 1740
actggaatca atacaaaatc caatttggaa acagcttttc caactcagaa gctcttegta 1800
gtgcgtctta cacagtgtca acaatcagtg atggtccagg ttatagtcat gactgtcecta 1860
gtgaacactt aaatggaaaa agcatccatg atattgaaaa tgttctctta aaaccagaaa 1920
atttatataa ttgaaaatag aaggatggtt gtctcactgt tttgtgcttc tectaactca 1980
aggacttgga cccatgactc tgtagccaga agacttcaat attaaatgac tttttgaatg 2040
tcataaagaa gagccttcac atgaaattag tagtgtgttg ataagagtgt aacatccagc 2100
tctatgtggg aaaaaagaaa tcctggtttg taatgtttgt cagtaaatac tcccactatg 2160
cctgatgtga cgctactaac ctgacatcac caagtgtgga attggagaaa agcacaatca 2220
acttttcetga gectggtgtaa gccagttcca gcacaccatt gcatgaattc acaaacaaat 2280
ggctgtaaaa ctaaacatac atgttgggca tgattctacc cttattgeccc caagagacct 2340
agctaaggtc tataaacatg aagggaaaat tagcttttag ttttaaaact ctttatccca 2400
tcttgattgg ggcagttgac tttttttttg cccagagtgce cgtagtcctt tttgtaacta 2460
ccetectcaaa tggacaatac cagaagtgaa ttatccctge tggcetttcett ttetctatga 2520
aaagcaactg agtacaattg ttatgatcta ctcatttgct gacacatcag ttatatcttg 2580
tggcatatcc attgtggaaa ctggatgaac aggatgtata atatgcaatc ctacttctat 2640
atcattagga aaacatctta gttgatgcta caaaacacct tgtcaacctc ttecctgtcett 2700
accaaacagt gggagggaat tcctagctgt aaatataaat tttgtccctt ccatttctac 2760
tgtataaaca aattagcaat cattttatat aaagaaaatc aatgaaggat ttcttatttt 2820
cttggaattt tgtaaaaaga aattgtgaaa aatgagcttg taaatactcc attattttat 2880
tttatagtct caaatcaaat acatacaacc tatgtaattt ttaaagcaaa tatataatgc 2940
aacaatgtgt gtatgttaat atctgatact gtatctgggc tgatttttta aataaaatag 3000
agtctggaat gctatatttg gtaaatattt taaagacaac cagatgccag catcagaagt 3060
ctgtttgaga actaagagaa cagaaacatc tatcataaga tatatttatt ttaaaaacac 3120
aaggtcacta ttttattgaa tatatttgtt ttgataactc ataccttaat aataggtgtg 3180
tttgacatat ttcttttttc attttgacaa tgaactcaca ttctaatcca gaaattttaa 3240
acaactactg tgataaatac caatctgcta cttttataga ttttacccca ttaaaatatt 3300
actttactga cttttactat gtgaagatat atagctttgg aaatgtccca ggctattcaa 3360
gaaatataaa aaactagaag gatactatat ataccatata caatgcttta atattttaat 3420
agagctactg tatataatac aaattaggga aatacttgaa tatatcattg agaaaaaatt 3480
attgtcagat cttactgaat tattgtcaga ctttattaaa taaagataga agaaaacctt 3540
gctaatgaat taaagtgaaa tttgcatggg attcagtttc tctaatgtta ttttceccgetg 3600
aaatctctaa agaacaagaa tgacttcaat tagtaaaagt caattttggg aaaagtcatg 3660

ggtatctgtt ttttaagtgt gtcaatctga ttaaaatgga tgaaacaaat tactcatcat 3720
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aagttgtttc ttaagctgtc aatatgtcaa tagatggtga gttcagaact tatttcaaat 3780
tgctaagaca aattatctaa attcgtaaga attaacatat agaatggtct ggtcagtaca 3840
tttataattt atctatgcat gaaaaagtat tgttttgttt gaaacatgaa tttcatagca 3900
agctgccata gaaaggaacg caggctgttce tagaccttca actgcctaaa ttatacaaaa 3960
attcatttta ataaactcaa ttattagcta tttattattc aaagacccat atttaaatcc 4020
tttgctgacc atgttgacat atatcagcct tcttctagac aaactgtcaa ctctcaacca 4080
tcttgacagt agaagtgaca gtaaaaaatg ttgaatgatc agagattata ttaaaataaa 4140
catgtaattt tcaagtattt ttgttgtgct tttataatat taattctaga tcagatttat 4200
tttatagcca gggtttgtet gttgtagagt cttgaggcegt agcagtcatt catgattaat 4260
cactgttagt tttgtaccca tatattttta gaatagtttt aaatgttaga tttctcaaaa 4320
gctaaatgcect acttaatatc tttgtatcat actcataaag caaagtaaat ctgacacttt 4380
ttttaaagca aacttctttg ctgtcaaaaa aataaatttg gggaaatttc tagcttttaa 4440
aatgtagatc tgcattttac tgtgattact tgtgaaagtc atattttaat tttctaaatt 4500
ctaatttgtc attttatttc ctaaagttaa tttccaatgc atttattcat aaaatattca 4560
ttctggaatg cagtgtttgt ttaaatgtaa tccaatgtat atagaattag tggtggctgt 4620
agtgctgtat ttattgctta taattttttt taaatgtgaa cttactttta attttctcectt 4680
ggttttaatc tgctagtaga aaccactagt tatctgtaaa aatatattca agatattctg 4740
atcaattata acaatttatg ttatgcctag agtatatctc tattttttga ttgtatgaaa 4800
atattaaagt tatgagttaa agtttatttt cactgatatt tactacagtg ccaaataatc 4860
taatttataa acataattct tacagtaatc aatgggatac ttctcaaaat taacaaatct 4920
cttaacaaaa tatatctttt gccctcecttta aagtcttcag taaaccagta aatgaattca 4980
ataaaccaat taagaaaaaa aaaaaa 5006
<210> SEQ ID NO 8

<211> LENGTH: 2288

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 8

gaagtggagg tgggagggag cgacaatgga aaaatcacct gaaaactggyg acagaggaag 60
gaagctacag ttacgaagga gagctgcaaa agttgcagca gaaaggttgg gagtcccgac 120
aggttccgta gcccacagaa aagaagcaag ggacggcagg actgtttcac acttttetge 180
ttctggaagyg tgctggacaa aaacatggaa ctaatttcece caacagtgat tataatcctg 240
ggttgecttyg ctetgttett actecttcag cggaagaatt tgegtagacc ccegtgeatc 300
aagggctgga ttecttggat tggagttgga tttgagtttg ggaaagccce tctagaattt 360
atagagaaag caagaatcaa gtatggacca atatttacag tctttgctat gggaaaccga 420
atgacctttyg ttactgaaga agaaggaatt aatgtgtttc taaaatccaa aaaagtagat 480
tttgaactag cagtgcaaaa tatcgtttat cgtacagcat caattccaaa gaatgtcttt 540
ttagcactge atgaaaaact ctatattatg ttgaaaggga aaatggggac tgtcaatcte 600
catcagttta ctgggcaact gactgaagaa ttacatgaac aactggagaa tttaggcact 660

catgggacaa tggacctgaa caacttagta agacatctec tttatccagt cacagtgaat 720
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atgctcttta ataaaagttt gttttccaca aacaagaaaa aaatcaagga gttccatcag 780
tattttcaag tttatgatga agattttgag tatgggtccc agttgccaga gtgtcttcta 840
agaaactggt caaaatccaa aaagtggttc ctggaactgt ttgagaaaaa cattccagat 900
ataaaagcat gtaaatctgc aaaagataat tccatgacat tattgcaagce tacgctggat 960
attgtagaga cggaaacaag taaggaaaac tcacccaatt atgggctctt actgctttgg 1020
gcttetetgt ctaatgetgt tectgttgeca ttttggacac ttgcatacgt cctttctceat 1080
cctgatatcc acaaggccat tatggaaggc atatcttetg tgtttggcaa agcaggcaaa 1140
gataagatta aagtgtctga ggatgacctg gagaatctcc ttctaattaa atggtgtgtt 1200
ttggaaacca ttcgtttaaa agctcctggt gtcattacta gaaaagtggt gaagcctgtg 1260
gaaattttga attacatcat tccttctggt gacttgttga tgttgtctcce attttggetg 1320
catagaaatc caaagtattt tcctgagcct gaattgttca aacctgaacg ttggaaaaag 1380
gcaaatttag agaagcactc tttcecttggac tgcttcatgg catttggaag cgggaagttce 1440
cagtgtcctg caaggtggtt tgctctgtta gaggttcaga tgtgtattat tttaatactt 1500
tataaatatg actgtagtct tcectggaccca ttacccaaac agagttatct ccatttggtg 1560
ggtgtcceee agccggaagg gcaatgccga attgaatata aacaaagaat atgacatctg 1620
ttgggectca caaggaccag ggccttetgg aggagtggea ctaccccacce tggcagcace 1680
tagacctgag ctctacaaaa acacactgct tcactttgtt ttaggactta gttcaagaac 1740
acattcaaat ggtgcatgtg tttggtatct tcaacagtag accaagaatc taacatcact 1800
ctcagtaata tagagaccgg aatacatggt ttataggaaa tgatcaaatg atccaaaaaa 1860
actccacatt ttttaagaag ttggaatttg atttcatgca taactgtatt aaaacattaa 1920
atagaaataa tgtcatttga atgaaaatct tatcacatta aattcactgt gaaggcagca 1980
tacttaaatt tttattttga aaagtctaaa aggcttagat ttttaaaatt taataattat 2040
ttctacaaat tttctatttt tcecttgaggtg attctcaact agcaattgga actcctaggce 2100
tctattaaca taattcttta ttgtaaacgt atctaatgct aaaagtaata aaatggtagt 2160
tttctgagac ctgtgaggac aggaatggtg tcttacattc atttctacac tttattatgce 2220
tcaggattgc accttcttta cagagtatat tcaataaatg tatgttgatt gaaaaaaaaa 2280
aaaaaaaa 2288
<210> SEQ ID NO 9
<211> LENGTH: 7086
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 9
agcagcggeg gcageggcag cccagecgag cgttaggtge tgcetetetge geggegtttt 60
gcaaaggact tcaccgatct acttttgcag tcgcectegga ctgtccatgt gtttacttec 120
cccageccga ggattcgata tctaggttee tgtgaaatge aactgagcag ccaaagtact 180
ttgagaacac ggggcggcat aaacaccaaa acttttttgt ggaaggaaaa tgcaataagce 240
aagcttgceg ttttecgatg cggtgtggag tgagtgtgtyg tegegegtgt ccegcactgga 300
ggcatatgcet tgtgtgtgta catggggtgt gttttteggt atgtagggag aaaatgcttg 360
ccaaccaccg gaaatctect ggaatttatt agaaaataat ggattataaa aagaaggcaa 420
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gcaaggageyg gatctcccect tgagttgcaa cccgatttge tgetggetca gtttgttgtg 480
attctttttg ttgataggtyg tctgatggta ttccgataac gttccccect tttettecce 540
ttgagetttt acagtttaaa aaaaggaaac aaaaaccacc ccaaaatctc ccccceegtt 600
tttttegece cgtegggate gecgttteca tecatgtget tgegtctece ccegegttceca 660
cttaaactat tttaatcctt ggacccaagg aggaggctga taggggggtyg gataaaaaaa 720
gttettecaa aatagtgtge ccggggagca ggatggggga tttegcagec cecgetgetg 780
ccgegaatgg cagtagtatt tgcatcaaca gtagectgaa cagcagecte ggcggggcecyg 840
ggatcggtgt gaataatact cccaatagta ctcccgetge tecgagtage aatcaccegg 900
cagceggtgg atgeggegge tcegggggece ceggeggegyg tteggeggee gtteccaage 960
acagcaccgt ggtggagegg ctccgecage geatcgaggg ctgecgtegyg caccacgtca 1020
actgcgagaa caggtaccag caggctcagg tggagcaget ggagcetggag cgccgggaca 1080
cegtgagect ctaccagegg accctggage agagggccaa gaaatcggge gccggcaccyg 1140
gcaaacagca gcacccgage aaaccccagce aagatgegga ggctgecteg geggagcaga 1200
ggaaccacac gctgatcatg ctacaagaga ctgtgaaaag gaagttggaa ggagctcgat 1260
caccacttaa tggagaccag cagaatggtg cttgtgatgg gaatttttct ccgactagca 1320
aacgaattcg aaaggacatt tcectgcgggga tggaagccat caacaatttg cccagtaaca 1380
tgccactgece ttcagcecttet cctettcace aacttgacct gaaaccttet ttgeccttge 1440
agaacagtgg aactcacact cctgggcttce tagaagatct aagtaagaat ggtaggctcc 1500
ctgagattaa acttcctgtc aacggttgca gtgacctgga ggatagcttce accatcttgce 1560
agagcaaaga cctcaaacaa gaacctcteg atgaccctac ttgcatagac acatcagaaa 1620
catctctttc aaatcagaac aagctgttct cagacattaa tctgaatgat caggagtggce 1680
aagaattaat agatgaattg gccaacacgg ttcctgagga tgacatacag gacctgttca 1740
acgaagactt tgaagagaag aaggagccag aattctcegea gccagcaact gagacccecte 1800
tctececcagga gagtgcgage gtgaagagcg acccctcectca ctctecectte gecacatgtcet 1860
ccatgggatc tccccaggeg aggccttcett cttetggtece teccttttet actgtcetceca 1920
cggccactag tttaccttet gttgccagca ctcecccgcage tccaaaccct gcaagctcac 1980
cagcaaactg tgctgtccag tcccctcaaa ctccaaacca agceccacact ccaggcecaag 2040
ctccaccteg gectggaaat ggttatctcee tgaatccecgge agcagtgaca gtggceceggtt 2100
cagcgtcagg gectgtgget gtgcccagcet ctgacatgtce tccagcagaa cagctcaaac 2160
agatggctge acagcagcaa caaagggcca aactcatgca gcagaaacag caacagcaac 2220
agcagcagca gcagcagcag cagcagcagce agcagcagca gcagcaacag cactcaaatce 2280
agacttcaaa ttggtctccc ttaggacctce cctcectagtcecce atatggagca gettttactg 2340
cagaaaaacc aaatagccca atgatgtacc cccaagectt taacaaccaa aaccctatag 2400
tgcctecaat ggcaaacaac ctgcagaaga caacaatgaa taactacctc cctcagaatc 2460
acatgaatat gatcaatcag cagccaaata acttgggtac aaactcctta aacaaacagc 2520
acaatattct gacttatggc aacactaaac ccctgaccca cttcaatgca gacctgagtce 2580
agaggatgac accaccagtg gccaacccca acaaaaaccce cttgatgecg tatatccage 2640
agcagcaaca gcagcagcaa cagcaacagce agcagcagca gcagcagcag ccgccaccte 2700
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cacagctcca ggcccccagg gcacacctga gcgaagacca gaaacgcectyg cttctcatga 2760
agcagaaagg agtgatgaat cagcccatgg cttacgcetge acttccatcce cacggtcagg 2820
agcagcatce agttggactt ccccgaacca caggccccat gcagtcctee gtgeccccag 2880
gctecaggtygyg catggtctca ggagecagte ccgcaggece cggcttectg ggcagccage 2940
cccaagcagce catcatgaag cagatgctca ttgatcageg ggcccagttg atagagcagce 3000
agaagcaaca gttcctgcegg gagcaaaggce agcagcagca gcagcagcag cagattttgg 3060
cggaacagca gttgcagcaa tcacatctac cececggcagea cctecagceca cagcggaatce 3120
catacccagt gcagcaggtc aatcagtttc aaggttctcce ccaggatata gcagccgtaa 3180
gaagccaage agccctccag agcatgcgaa cgtcacgget gatggcacag aacgcaggca 3240
tgatgggaat aggaccctcce cagaaccctg ggacgatgge caccgcaget gcegcagtcegg 3300
agatgggact ggccccttat agcaccacgce ctaccagcca accaggaatg tacaatatga 3360
gcacaggcat gacccaaatg ttgcagcatc caaaccaaag tggcatgagc atcacacata 3420
accaagccca gggaccgagg caacctgect ctgggcaggyg ggttggaatyg gtgagtgget 3480
ttggtcagag catgctggtyg aactcagcca ttacccagca acatccacag atgaaagggc 3540
cagtaggcca ggccttgect aggccccaag ceectccaag gcetgcagage cttatgggaa 3600
cagtccagca aggagcacaa agctggcaac agaggagett gcagggcatyg cctgggagga 3660
ctagtggaga attgggacca ttcaacaatg gcgccagcta ccctcttcaa getgggcagce 3720
cgagactgac caagcagcac ttcccacagg gactgagcca gtcagtcegtyg gatgctaaca 3780
cgggcacagt gaggaccctce aacccagetg ccatgggteg gcagatgatg ccatcgetcee 3840
cggggcagca aggcaccagce caggcgaggce caatggtcat gtetggectyg agccagggag 3900
tceccaggcat gccagegttce agccageccece cagcacagea gcagatacce agtggcaget 3960
ttgctccaag cagccagagce caagcectatg agcggaatge ccctcaggac gtgtcataca 4020
attacagtgg cgacggagct gggggttcct tcecectggect ceccggacggt gcagaccttg 4080
tggactccat catcaaaggc gggccagggg acgagtggat gcaggagctt gatgaattgt 4140
ttggtaaccce ctaatcaaga gaggccccaa gatccacaac tcgagtggtt aaagcttaaa 4200
aagtgaaaaa gaaacaggat gttgacccat ccttgttttt tgtttttttg acccacgtaa 4260
actgagcaaa actgcagctg gctgacaatg gaagatccag gtgccaatcce acagcecccac 4320
caggcctcecat ttcacctgat tttcacacag caatcgagat gagacgccat gcagatcccg 4380
gectgcegagag agggagacac ccggaggagce aggtgggaag atgaagcecgg ccagagcccce 4440
tctgcccage atgcectgtg atcgectgge ccagcaggag ctgcttcage cgagagggac 4500
tattacccaa gagaggtatc ctcagcccct cctgccecag gtcgggagac agcagcetttg 4560
gagacacaaa agagacagag cctcagccag ggagagtgag tcccccagaa gaggctgggt 4620
ggttgcacag gccaggtgca caggttggaa atgcactgaa ctctgggtgc cgagagatgt 4680
aaggctttga gacatgctac tgaatttgga gggcaggcac gaagaacagt gagattgtca 4740
aaaggagaca accacagatc ctacaggact gtctgtctecce tgccccatga tgaccctcag 4800
gaattgcaaa ggctctgctg tcacaaggag agcaggctga gtttggagca gggtccatcce 4860
ggcagtccetyg ggacggctte cctetgetgg tgccectggt ggcagtcect ccaggtgggy 4920

ctggagcctg ctggcgccca atacaaaacc catacatcca ggtgggtcac atctacttcet 4980
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ggcggccgceca gggcagggaa acccctactg gaccctgtgt gtetgcecage ctggagectt 5040
tgtcteccage cctgecttta ttectecttg cctecacace agectceccecet tgettcetect 5100
tacagactat ccaagaagtg aagcttatgt ctttagggag ccttgggcag agtccacata 5160
aatgcaggaa gaacttagac aatgcctgaa atgcaaaggc gacactggag tcecttcectttet 5220
ctaacgtgta gcgttgaatg aatatctgcce tggaaccaag agggctgctce tgatgtttgg 5280
gagtcggttt tttgtgagcc acatctgata tttctgatat ccccaggaag gagtggectg 5340
gaggtcactg gttcaggctce cctttgggcg aaatcctggg agtgatgectce taaaaatcca 5400
cctttececat catccecctact catcagaaag acaaatataa aatcccagag aggtggagga 5460
gctaaaaaag caattgctce accttacaaa tttggataga aaggagatgt agtttatttce 5520
atatgggcaa agtagtcctc ttccaaagtc ctgtacagtt gttctctgca attgacgcac 5580
atctgcecta agcgaaatct gtcagaagga atcaacaagg ctccttgcct ccccteccaa 5640
tcecectttt ggaggacttyg tggctteggt gtegtcecctaa gtgagagtgg cgtgtgettt 5700
tttcectgtee cectecteect cegtgtecta gacgctgget gecttetgtg cactceccagg 5760
cagatcacta cggaagagtc ggagcctgtg gggttggact ggccacactc agtcctgaga 5820
aggcgagttg ccatggaaag ctgggggcag aggtgttttt ggagaggagg cggcaggcaa 5880
acattgcctt tgacttgctce teccgegtace cggggttgta gagctgctca ggaaggggca 5940
ggatgtaagyg ccagaggtgce ctggtgggtg agaagcccag gcaggggcetg ggegecctet 6000
ccgaagaggt ggcagcaggg tgaccctgaa ctecccaaat ggggagtgat gccactgggg 6060
aaactgagtg gatcaaagag atgaaaccaa aaaaaagcaa acaaacaaat gagaagacac 6120
aaaacataat taccttttcc tgaaaggtac aggaaataaa tatataagca atgatgagaa 6180
actggaggtg gctaatggaa gtgagacaga caggggtggg gggctccatt atcttttaaa 6240
agcttectee aaatgctcag tactgggacce aactaatagg tagattttaa tatggtggtt 6300
ttgttttggt tttgttttta ctacggtgct gatgtatatg taatgtctaa aaaaagttat 6360
ttgtacataa gtttttacaa tactgcagat atcactgggt ctactatctg taaaaaatat 6420
acatataaat atatatatac tgtttgttta aaatagagta tttttatttc attccttaac 6480
tcatcatcac agcagtggta ttgcacttca gatgacatct aattactaat ttgtactgta 6540
tgacctcetgg caacttgctce cattttattc agatttttet agttttctgt ttttactttg 6600
tacattgagc attgcttatt tceccttttaag aaatgtacag aacgctgaaa tgtagaaatg 6660
aagtgatgtt gacataccac ttttaaagaa aacaaaaaca aaaataaaag attatctgaa 6720
tcaatccaaa gtatagttta ttttaagatc ctcactggag ctccaatctt aattaagcag 6780
acatattatt cctgggtttt aattaactgc agttcttttc tcaaaatttt gatatcattc 6840
tttaaacatt tatttaatgg gagagatcaa tcattcccag cctttgcatt caactgcaca 6900
actgatgata ctttctgaat ttactgccgce actctgaagg atgtggcaaa gggaagggag 6960
gaaagtcaac tttgcatgga acatagtgca atccatttgt agattcagta ccataacaat 7020
tccatttecca actagttcat ctggaggtag ggaggctceca ctggaaaaat aaatattttt 7080

gtcaaa 7086

<210> SEQ ID NO 10
<211> LENGTH: 9068
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<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 10
cggegegege geggggeggyg ggcgcegegga gggggggget geccegggge ggecceccca 60

ggteggggeyg cggegggegyg cggeggeggy cgcegegtece gtecaggtee ggagtaacceg 120

cegecgecge cgccaaagcet cgccaacatg geggacctgg aggcetgtget ggecgatgte 180
agttacctga tggccatgga gaagagcaag gcgacccegg ccegeccgege cagcaagagg 240
atcgtectge cggageccag tatccggagt gtgatgcaga agtaccttge agagagaaat 300
gaaataacct ttgacaagat tttcaatcag aaaattggtt tcttgctatt taaagatttt 360
tgtttgaatg aaattaatga agctgtacct caggtgaagt tttatgaaga gataaaggaa 420
tatgaaaaac ttgataatga ggaagaccgc ctttgcagaa gtcgacaaat ttatgatgcce 480
tacatcatga aggaacttct ttcctgttca catcctttet caaagcaage tgtagaacac 540
gtacaaagtc atttatccaa gaaacaagtg acatcaactc tttttcagcc atacatagaa 600
gaaatttgtyg aaagccttcg aggtgacatt tttcaaaaat ttatggaaag tgacaagttce 660
actagatttt gtcagtggaa aaacgttgaa ttaaatatcc atttgaccat gaatgagtte 720
agtgtgcata ggattattgg acgaggagga ttcggggaag tttatggttyg caggaaagca 780
gacactggaa aaatgtatgc aatgaaatgc ttagataaga agaggatcaa aatgaaacaa 840
ggagaaacat tagccttaaa tgaaagaatc atgttgtctce ttgtcagcac aggagactgt 900
cctttecattg tatgtatgac ctatgectte cataccccag ataaactctyg cttcatcctg 960

gatctgatga acgggggcga tttgcactac cacctttcac aacacggtgt gttctctgag 1020
aaggagatgc ggttttatgc cactgaaatc attctgggtc tggaacacat gcacaatcgg 1080
tttgttgtct acagagattt gaagccagca aatattctct tggatgaaca tggacacgca 1140
agaatatcag atcttggtct tgcctgcgat ttttccaaaa agaagcctca tgcgagtgtt 1200
ggcacccatyg ggtacatgge tcccgaggtg ctgcagaagg ggacggecta tgacagcagt 1260
gccgactggt tcecteccectggg ctgcatgett ttcaaacttce tgagaggtca cagcecccttte 1320
agacaacata aaaccaaaga caagcatgaa attgaccgaa tgacactcac cgtgaatgtg 1380
gaacttccag acaccttcte tcctgaactg aagtceccttt tggagggett gcttcagega 1440
gacgttagca agcggetggg ctgtcacgga ggcggctcac aggaagtaaa agagcacagce 1500
tttttcaaag gtgttgactyg gcagcatgtc tacttacaaa agtacccacc acccttgatt 1560
cctceceeeggg gagaagtcaa tgctgctgat gectttgata ttggctcatt tgatgaagag 1620
gataccaaag ggattaagct acttgattgc gaccaagaac tctacaagaa cttccctttg 1680
gtcatctetyg aacgctggca gcaagaagta acggaaacag tttatgaagc agtaaatgca 1740
gacacagata aaatcgaggc caggaagaga gctaaaaata agcaacttgg ccacgaagaa 1800
gattacgctce tggggaagga ctgtattatg cacgggtaca tgctgaaact gggaaaccca 1860
tttctgactc agtggcagceg tcegctatttt tacctcttte caaatagact tgaatggaga 1920
ggagagggag agtcccggca aaatttactg acaatggaac agattctctce tgtggaagaa 1980
actcaaatta aagacaaaaa atgcattttg ttcagaataa aaggagggaa acaatttgtc 2040
ttgcaatgtg agagtgatcc agagtttgtg cagtggaaga aagagttgaa cgaaaccttc 2100

aaggaggccce agcggctatt gegtcegtgce ccgaagttece tcaacaaacce tceggtcaggt 2160
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actgtggagce tcccaaagcc atccctetgt cacagaaaca gcaacggect ctagcaccca 2220
gaaacaggga gggtcctcga ggaggacaca ccagggtcte agecttttgg ggtgaacgag 2280
gatgaggcat ctgatctatt cgctaccggg actcctccag getcccgaga ggagtcggga 2340
ccettegget tggggtcage tcagcteccct gecttgtcecac atttgtctge attagaaact 2400
actgaagaaa taaaagttct ttttctttgc tacacacttt ggtacctatg aacctagaac 2460
ttgaagtgac tcctacttat cacgtaaatt tttatgtctg atatcaaaca catcttagac 2520
tcecccagaat ggaatttaaa gatgttcagt gttgggtaac agattgccct aagcattgece 2580
acatattctg tctagtcact gcectgatttte tatgtctttg ctccatactg ctgggggatg 2640
ggagagccac agtgtgtttce ttttgtgcac ttcgcaactg acttcttgtce ctggggttaa 2700
aagttgaaga tattttctga tgatattaaa agttgaagat atttctgcac ttgggccctce 2760
ctectgggagce cgcacccaca tgactgccct gcectcectgace agtctgttee ggggeccect 2820
cagccaggtg ggaatgacgg acacgtacta tccaagtgta tgggattaac taatcattga 2880
aggcattcat ccgtccatca ttggaaagat ttacagtgat tctgaaggac aggccgtgga 2940
gttttaggtt tcaggggcaa gagcagtttt caaaagtctt tgagtccagt gtgcacgagt 3000
cgacaagcag tacctggcat gcaggagcac tcatgggtga gtccgtctca ggtctcgaca 3060
attagcagtt gtgtgacagt cattctggtt ccttctgect gaccctggga gacatatcag 3120
taatggatgt acaaaagcag gtctgtttta tgtcttagta taatttcaga tgaattgtat 3180
tgaaaaaatg ctgaggaatg aatgtgtcaa aatgggttaa ctgtgtatat tgactttcat 3240
gtcgtcatge atctgtcatg aatgaatgat actttgcact gggctgtacg acagtgagga 3300
ccttagggca tgaagccttt ttectggtce cagcagcatce tgccctgtga agtttgtttt 3360
ctcccactge ctccaggeccce cactgatacce cccaaataga tgctgggtta tgagaaccag 3420
cgaaatcccce catgtcatca gtcttaaaaa aaaaatttta caaatccacg tatttgtccce 3480
attcttggag tagttttagt gtatgtcttt acattaacta ctaacagtat aaataacttg 3540
acatcgtaat tgtctgcatc ctgtccttga tatttttagce agttccaaat ctttgttttt 3600
gtatttgttt gctgtgttca tgggcaaagt aagtactttt taatgcagtt attttgagag 3660
tttggaagat aattaccaaa agggtccatt atttcataag agttactttg caaaaaaaaa 3720
aatgtgggtt tttttttttg tctatctcaa ctactagttg gggtttaaat taacatacat 3780
tttctactat ctgttatttc cagtgtggga ggagggatgt actacttaca tgcattctcce 3840
ttatttaaaa aggaagaata gtattcaaat tctgttgaaa cacacacaca cacacacaca 3900
cacacacaca cacactccag aagcagaaaa gccattgttc ttaaagagtg aatgtcttcce 3960
cagceccetggt taattatage tgtgactgat gcecgtteccg tectgcatcte aagctcatag 4020
gttctcagca tgtgcagttg aggatgcgct gggcctcatg cctgttcectag atctccagga 4080
taaagggcct getgttgact ccaccagggt ctgggcttag cgtctaatat ctcecgtaccta 4140
gggcgtgagce tgcacaaacg tgttcagaaa gattattcaa ctttcccata cttgttctaa 4200
aattgagctg atccgcatct ctttcaaaaa ctagaatttc tgctctaaga atagaacata 4260
aggctccact cccttttaga aaagatatat gaattggaaa atgctctgaa agtccttttg 4320
cttcaaacaa aagtgtaaac ttttacactt ccccaactca catttgattt gtaatgatat 4380

ggttgagaag tacatctaga tgtcatttat taaaagtgct ttgtaagact agattgagct 4440
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gtttctgagyg gcggtcacca gttgtgttgg ggtctggttt gagtgccttce tgccaaaatg 4500
ttgtgatgga ggtgtttctyg cgaccagaca caggataccg ctgtgtctge acccggttgce 4560
ctgcatggcce agaggaaaag tcagttggat taaacatcat ggtatacttg getgttgttt 4620
ttttttaatt ttttaatttt ttgggatagg gcctcecgetect gtcacccagg ctggagaaca 4680
gtgggatgat catggctcac tgcagccttg aattcctagg ttcaagcaat cctecccacgt 4740
cagcctectg agtagctagg actacaggtg catgccacct ttcecctggcta atttattttt 4800
tgggtagaga tggggtcttg aactcttagg ctcaagtgat cctcecttcecet tggecteccca 4860
aaatgctgga attagagatg taagccacca tgcccagcca tagtacttgg atgttttaga 4920
aggttttcca agtattacat aattcctaga tgttcaccct tattacactc caactattaa 4980
aaaggtcaaa attcagccta ttttttttca ttattttaga ttcctgtggt tgggatattt 5040
taacattgat gagaaaaata attgaggttg atatttttac aaaatcatgc ggtaataagt 5100
cttgatttca tgattcaaaa gaatcaataa agcctaaaaa taatagatta ctttaagctg 5160
ctatgtaaga tatatatgga ataaattaaa aacctttgtg aattcaggtt tattattttt 5220
aacctaaaac attctctttg gttcattcat ccecctcatgt catggggget cattggtttt 5280
ccttetttgt catatttaag tatgattttt caacaaaact tctagaagtc agcttattat 5340
gtcaccattc atgcaaagtg ctcatgcctce tgattggtec attcactgac gtgacaattt 5400
caggtcctat gtttaaaaag aaggggctgg ccgggcacga tggctcacgce ctataatccce 5460
agcactttgg gaggccgaga ggggcggttce acgaggtcag gagattgaga ccatcctggt 5520
tagcagagtg aaaccccgte tctactaaaa atacaaataa aaattagccg ggcgtggtgg 5580
cgggegectyg tagteccage tacttgggag getgaggcag gagaatggca tgaacccggg 5640
aggcagagct tgcagtgagce cgagattgeg ccactgcact ccagectggyg cgacagagceg 5700
agactctgtc tcaaaaaaaa aaaggagggg ggctaaatat ccagtgagat gcactgagga 5760
aaggaagcat tttgctgaag acagcagcag caacaaacaa tggtctgttt gttgcaaaca 5820
agatgtagct tgatttctgg tcectgacatat gccatataca gatattagaa acgactgttt 5880
gaaggccaca ctggtcatct acaaagtaat gtttaccaat tgacgacagg gatttaacta 5940
gattaaaaag atcaaagtgt ggtttttctc tgctttttaa aatttcactc ggaatttgta 6000
gctgggccaa ttcaacacat tttacttttc agtggaattg atttttctaa tgtttcagaa 6060
ttttaacata tcaagaagaa aacaacgttc tcaaagtctg gectctttag catgatgtaa 6120
acctatagaa atgctttgaa atgtgctggt gtaagataag agttatcttg tatgatttaa 6180
tcatatgcag tgttgtctca gttacgttca gggaaatgtt tctgtgtcat tcagagatgc 6240
ttgatgaatt aacacctccc accctgagtg aggggttgac ttgttgggag atgatttggg 6300
cttcactggg atctgtgaca ggtgggggct gggctgggtg tcacaaagag aatagtggta 6360
gaaatcggge gaaggaagaa agaagttact ggtaaaaatc attacaccat aaagcaccaa 6420
ggaaataact gagttaaaat aggtgaagtt tcttttttec ccecctgtaac aggagagttt 6480
tcettatgat aattattetg agacttggte actttgtttt tgaatgtgga gctgctgaac 6540
tcattcagaa gccatttgcet gectatcagg actttctgaa gaagttcttt tgectcectgece 6600
taccctetgg caccctecca tggaggcaca ggggacccag agctaaagca ttaccaggcece 6660

atctccaaaa caccccgtgt gtgtgtgtgt gtgtgtgtgt gtgtgtgtgt gtgtgtgtgt 6720
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gcactttgca gcccceccgagg tggagaggca gtgtctggat cactgtgaat gcattgeccce 6780
attggtcagt tggggacact gttacaaatc cactgaagtc ctggtaaaac tgtcaagagt 6840
aacaggcctce ttctgttcta cecctgctcac tteccacggtg agttaccage ctgggcaaca 6900
cagcaagacc ccatctctac aaaaaaaatt tttttaagta attaaccgtt taaatttttt 6960
cctaaagatt taacatgatt tttccctcecct atgtaaagtt tactggagag acttgaatta 7020
cttaaattca tgttaatatg attttttttt aatccaggtc acattttaac aaagtttatt 7080
atgaaacaaa tgaaatttga actctaaaat ggtactcctt ggcttcctca agtcacaatg 7140
aactttatat tttctttgtc cttaaggact aagatagttg ttttatttca gccgaatcac 7200
agagataacc actcctgcag gcecccccacag ctggcccaaa ggggctgtet ttectgacctg 7260
gctgtgttag cactgattga gaaacgcagg ctcccaaatt ttaaattgcec tttattaaaa 7320
acacaaacta cagaaaatgg gttaagagta tacgcatttc atcaaacaca tataggggaa 7380
aaaatccttc aatttagagt taaataactc agctttgtat agtagagtta gcgctccagt 7440
atctaacaat ctcagaatca tctctgaaaa ctggtaacta tgcttccatt tttaattttg 7500
tcctaaatat cagatgtcett tgatgtaagg gtagggaatg gagaaatatt ttcaattgtg 7560
tatttgtatt acaaagaact tgaaatttac tttcttagtt gattatatta aatgatgtat 7620
atattatatg tggtttataa gctcaacact ggccattttt ttagttttat tgttaaatgg 7680
tatttttcta tgtttaatta taatagatct ggctttttet ggatagcata aagatcactg 7740
aactatatat atataagaaa caagagttct attttagcac aaaggcattt tatattattt 7800
attgaatcca taagtttgtt ttcgtcaaaa acattccata ttatttctge tectttttat 7860
ttgtatagtt tgttatttaa agaaatggca gtccttectg ttcttaatac aataaaattg 7920
aaataatgca cctagtaatg tggccgacat ctcecttctcac caccatggac tgttttcaac 7980
aacagttgat cttctggtct gtgctgagag gcgcatgcat gtctttcgte acgtcecgggca 8040
gcacacctge tgtgaaatac tgctttcatc tacctcttca gaaggcttct tgcttgttga 8100
caagtaccgc aaaggcttta ttctggactg gctatctcat aaaaggattt ctgtaagact 8160
ttgcagtgtc attccctcag aacctaggtt tgtttctaaa geccacggtat tgtccaggag 8220
ccectgtgtg tggggcaggt agctatccct cccatgtcat tagtaatcct ttaggattta 8280
aggtacaact ggacagcatc attccttcce cttattgtge caaatcccca ccatcagect 8340
tgccattgece ttaagatttg attattgcac ccaattacct aaccactaaa cagaaaggcc 8400
accttcactc tttgaaaaag gcaagctgtg cttagaaaca ctgcttttaa gagtagcaca 8460
tttgagtgtg actttttcece ceccttcacta tttcaaaatg gttttgaaat ggggtcttaa 8520
aggtaagcgce cctcatacat gactgaaact ttgtgagagg tcttatattt gaatggaccce 8580
ttaatgattt atgtgaaata gaatgaagtc ctgtctctgt gagagaacgt gcctcctcac 8640
tcatttgtct ctgtctgttt tcatagccat caatatagta acatatttac tatattcttg 8700
aatacccttg aagaaagaaa tccgttttcet attgtgcatt gectatacgaa gtgaagccag 8760
taaactagat actgtaaatc tagatattgt acctagacaa aatatcattg gttctatctce 8820
tttttgtatc tgttgtgcca gggaaggttt ataatccctt ctcagtatac actcactagt 8880
gcacgtctga aatagtatcc cacgggagat gctgctccac gtctgaggtce acctgcectg 8940

tgtggggcac accaccgtca gcaccaccgt ttttacagtt actttggagce tgctagactg 9000
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gttttctgtyg ttggtaaatt gcctatataa atctgaataa aaaggatctg tacaaaaaaa 9060
aaaaaaaa 9068
<210> SEQ ID NO 11

<211> LENGTH: 5069

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 11

aaaaaagggt gaggagaagc agcggctgag cgggttggea tetggggeag cgggeteget 60

ccaggeegte gggggecget cgecagegte geccgetgtg ttgggagege gggcegtggg 120

cgtegetegyg ccttgtecge ggegtoceeg ctgeeggeca cggegetcag cgettgtget 180
ctgtattgca ggtctaccee gagecccgga gegagagega gtgectgage aacatccegeg 240
agttcectgeg cggetgeggg getteectge ggetggagac gtttgatgca aatgatttgt 300
atcaggggca gaattttaac aaggtcctca gttecttagt gactctaaat aaagtaacag 360
cagacatcgg gctggggagt gactcegtgt gtgeceggece ctegtetcac cgcataaagt 420
cttttgacte ccttggatca cagtctttge acactecggac ttcaaaactg ttceccagggece 480
agtatcggag tttggacatg accgataata gcaacaatca actggtagta agagcaaagt 540
ttaacttcca gcagaccaat gaggacgage tttecttete aaaaggagac gtcatccatg 600

tcaccegtgt ggaagaggga ggctggtggg agggcacact caacggeegg accggetggt 660

tccccagcaa ctacgtgege gaggtcaagg ccagegagaa gectgtgtcet cccaaatcag 720
gaacactgaa gagccctcee aaaggatttyg atacgactge cataaacaaa agctattaca 780
atgtggtgct acagaatatt ttagaaacag aaaatgaata ttctaaagaa cttcagactg 840
tgctttcaac gtacctacgg ccattgcaga ccagtgagaa gttaagttca gcaaacattt 900
catatttaat gggaaatcta gaagaaatat gttctttcca gcaaatgete gtacagtett 960

tagaagaatg caccaagttg cccgaagctce agcagagagt cggaggctgce tttttaaacc 1020
tgatgccaca gatgaaaacc ctgtacctca cgtattgtgce caatcaccct tetgcagtga 1080
atgtcctcac ggaacacagt gaggagttgg gggagttcat ggagaccaaa ggtgccagca 1140
gccetgggat tcetegtgetg accacgggece tgagcaaacce cttcatgegce ctggataaat 1200
accctacgcet gectcaaagag ctcgagagac acatggagga ttatcataca gatagacaag 1260
atattcaaaa atccatggct gccttcaaaa acctttcage ccaatgtcaa gaagtccgga 1320
agaggaaaga gcttgagetg cagatcctga cggaagccat cceggaactgyg gagggcgatg 1380
acattaaaac tctgggcaac gtcacttaca tgtcccaggt cctgattcag tgtgccggaa 1440
gtgaggaaaa gaatgaaaga tatcttctac tcttcccaaa tgttttgecta atgttgtetg 1500
ccagtcctag gatgagtgge tttatctatc agggaaagct tccaacgaca ggaatgacaa 1560
tcacaaagct tgaggacagt gaaaatcata gaaatgcatt tgaaatatca gggagcatga 1620
ttgagcggat attagtgtcg tgcaacaacc agcaggatct gcaggaatgg gtggagcacc 1680
tacagaagca aacgaaggtc acgtctgtgg gaaaccccac cataaagcct cattcagtgce 1740
catctcatac cctecectee cacccggtca ctecgtecag caagcacgca gacagcaagce 1800
cegegecget gacgeccgee taccacacge tgecccaccee cteccaccac ggcaccccge 1860

acaccaccat caactgggga cccctggage ctecgaaaac acccaagece tggagectga 1920
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gctgectgeg geccgegect ccectecgge cctcagetge tetectgctac aaggaggatce 1980
ttagtaagag ccctaagacc atgaaaaagc tgctgcccaa gcegcaaacct gaacggaagce 2040
cttcagatga ggagttcgcg tcccggaaaa gcacagctge tttggaagaa gatgctcaga 2100
ttctgaaagt cattgaagct tactgcacca gcgccaaaac aaggcaaaca ctcaattcaa 2160
gttcacgcaa agaatctgct ccacaagttt tgcttccaga agaagagaaa attatagtgg 2220
aagaaactaa aagtaatggt cagacagtga tagaagaaaa gagtcttgtg gataccgtat 2280
atgcattaaa ggatgaagtt caagaattaa gacaggacaa caaaaagatg aagaaatctc 2340
tagaggaaga acagagagcc cgcaaagacce tggagaagcet ggtgaggaaa gtcctgaaga 2400
acatgaatga tcctgcctgg gatgagacca atctataagg gatgtcctca gttcetttetg 2460
ttgaagacca gttctgaggt gaagctgggc acccecctgacce caagtcgggg tgcactcagg 2520
accacagggc agggctgggt ggggcgccac cttgctctet gtatatagaa aagctggagce 2580
ttattctgceg aatggagacg atcaaaccat gactgatgaa tccagacagg agggattgac 2640
tctgaggacc tgagctacat caatccactc tgtgaacatc tcagttacct cattctgcaa 2700
taagttcagt gactgactaa aagtcttgtt tttccagact ttgaattgaa tatataaata 2760
ttatatatac atgtttcttg taaatatccc attttgaatg catacctgtg gtggttcectgt 2820
ccgggctaat ccccatgcta gaatgtectt tccagctacg tgaataagaa gtcccatgece 2880
cgcatccacce ggaagcagaa gcctggtgga tgcctggtte gttceccgcage accagggect 2940
ccaccgtget gtggcagcac cccccatgte ggtatttceta aataacctta tttatacctg 3000
cagagataca cttcagtccc attcagaagt cttctcttaa agcagcatta cagtcccaga 3060
cctgegggtt tectgagggca acttgctgge tgacagactce agtcttgacce tcaaggaagg 3120
cccatacggce actgccgcat ccacctagag gtgtttgcete ttgtccgcectg tetgagtact 3180
gtgattctca gatgagtttg ctgcgttttg ggaggacaca gacggttctg tataggctag 3240
ttcagtaaca acaaaataca ctgttttgtc ttccctcaaa gagagatctt actagaacct 3300
gtaaatagaa tgtattattt attataagtc actgcagctg atgaaaacag atggaggcca 3360
tgctgcaggce tgatactgat gggtggagtt ttgtcatcag gccagcctca tceccgaggtce 3420
tcetecacca ttggecgtag ccagcaggct tcagtgctca ccgaaagtaa aatcccctcece 3480
ttcagcaaga ataaagcaat atacacctta ggttccacta agtaacatag gcataagcag 3540
ggaacgtttec ccccactgtg ttecagtgca gaggagacga agcctgtect caccgcggcet 3600
cgetgggece aggcetggetce tggaaagect gtgeggtect gggcaggaag cccggeccgt 3660
ggagcaggtt ttcgttctge ttcagcaata aataagggtyg accacaggga ctttgctttt 3720
ggtttccttt cctgtgaaaa ggttggtttt aaagtgagat acacttttcc gtagaacaag 3780
tgttctatct ttaaaaaccc aaattgcagc accgtggatt actggtctca gaacaactca 3840
ttgcgcatca gatttgactce tcectgatttte tgtctattgg ccaaattgcce ctttaactgce 3900
acctgaatcce tttgtgtact gatgcectttg agctgggcac cttgggagag tgttgtgttg 3960
ctgtttacgg ttcttccttyg cecttgctaa ttacagtete tggtgcccag caagceccectt 4020
tggcttectt cecgtgactgg tcacgttgte tgcctggget cagcgtggac ctgccccatg 4080
ctgcagaacc tggcctcacc tggacttttce actagaattg ccagcttcct caacttagca 4140
gatcattcac tcatgcgggc acaagcaaag atcaacactt tcecttttttgg taagcttgag 4200
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ttttacaagt tattttttgg tgatgcgtaa gacattgcag tgggaaacca ttcaacttga 4260
gtttattgga gtttgctgtt gtagcaggtt ttaactcagg aacaactctt gtctgatctce 4320
tcegececte tgccgggagyg cgacattaac tgtecteteg gagccggtag cgttgctgte 4380
cgagtcceccca ggacggatcect cctgcagacce tgccttaatg ctcagatcga agtatttcac 4440
aagaatactt gtgtttttaa cagcccttce cctggacggt gecggccatga gggcectcatg 4500
ttacggcatt geccttttett tetgtggate cagtatctte ctcecggetttt tagggagcag 4560
gaaaaatgcg tctgagagca actcttttta aaaacctgcec ctgttgtata taactgtgtce 4620
tgtttcaccg tgtgacctcecc caagggggtg ggaacttgat ataaacgttt aaaggggcca 4680
cgatttgcce gagggttact cctttgctcet caccttgtat ggatgaggag atgaagccat 4740
ttcttatcct gtagatgtga agcactttca gttttcageg atgttggaat gtagcatcag 4800
aagctcegtte cttcacactc agtggcegtct gtgcecttgtecce acatgegctg ggcgtetggg 4860
accttgaatg cctgccctgg ttgtgtggac tcecttaatge caatcattte ttcacttcecte 4920
tgggacaccce agggcgcctg ttgacaagtg tggagaaact cctaatttaa atgtcacaga 4980
caatgtccta gtgttgacta ctacaatgtt gatgctacac tgttgtaatt attaaactga 5040
ttatttttct tatgtcacaa aaaaaaaaa 5069
<210> SEQ ID NO 12

<211> LENGTH: 81

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 12

aacacagtgg gcactcaata aatgtctgtt gaattgaaat gcegttacatt caacgggtat 60
ttattgagca cccactctgt g 81
<210> SEQ ID NO 13

<211> LENGTH: 1251

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 13

agttgtaaac ccaaggccaa gagaccatgg ccacgttage ceggctgcaa getaggtegt 60
cgactgtagg aaatcagtac tactttagga acagtgttgt agatccattt agaaaaaagg 120
agaatgatgc agcagttaaa atccaaagct ggtttcgagg atgtcaagtt cgggcatata 180
tcaggcattt aaacaggatt gtaacaatta ttcaaaaatg gtggagaagt ttcttaggca 240
gaaagcaata tcaactaact gtgcaggtag catattatac tatgatgatg aatctctaca 300
atgcaatgge tgtcaggatt cagagacgat ggcgaggcta tagggttegg aagtacctcet 360
ttaattatta ttatttgaaa gagtacctga aagtcgtttc agagaccaat gatgcaatta 420
ggaaggcact ggaggagttt gcagaaatga aagaaagaga agagaagaag gctaaccteg 480
aaagggaaga gaagaaaaga gattaccaag cccgaaagat gecattaccte ctcagcacaa 540
agcagattcc aggaatatac aattcaccct tcagaaaaga gectgatcca tgggagetge 600
aattacaaaa ggcaaagcct ttaacacacc gaagacctaa agttaagcag aaggactcca 660
ccagecttac tgattggeta gettgtacaa gegeccgtte ttttectegyg tcetgaaatte 720

taccacctat taatagaaag caatgtcagg ggccctteeg agatatcace gaagtattag 780
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aacaacgcta caggcctttg gagccaacgt tgcgggtgge agaaccaatc gatgagttaa 840
agttggccag agaggagctc agaagagagg aatggctgca aaatgtaaat gacaatatgt 900
ttttgccatt ttcttcatac cataaaaatg aaaagtacat cccatcaatg catttatcaa 960

gcaagtatgg tcctatttct tacaaagaac aattccgaag tgaaaatcct aagaaatgga 1020
tctgtgacaa ggatttccag actgtattac catcatttga gectcttctca aagtatggaa 1080
aattatattc aaaagctgga cagattgtat aaaggcgtca gaagaagaaa ctgaagccat 1140
ctgcatttta aaacttaaca gttctgaaag gaaaacacag atgaagatcc tgtaggaaat 1200
atacttgcta tgattcaata aactataaaa ttttgaaaaa aaaaaaaaaa a 1251
<210> SEQ ID NO 14

<211> LENGTH: 7996

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 14

gegaccegag gaggceggaag agceggegceceg gcegacgtact gtaagacgat attactttaa 60
tcatcttcac atcagtattt atggaatage cacaggtgec tcatccttta gtaggagtta 120
attatacatt tactggccga gtaaacatct ccgaatgteca ctccatggat tccetttggge 180
aacccagacce agaagataat cagtcagtag tcagaagaat gcaaaagaaa tactggaaaa 240
ctaaacaggt ctttatcaaa gcaacaggaa aaaaagagga tgagcacttg gtggegtcetg 300
atgctgaact ggatgctaaa cttgaggttt ttcactetgt tcaagagaca tgcactgaac 360
ttctgaagat aatcgagaaa taccagctaa gactcaatgt tatatcagag gaagaaaatg 420
agctaggget ctttttaaaa tttcaagecag aacgggatge aactcaaget ggcaaaatga 480
tggatgccac tggcaaggca ctttgttett cagccaagea aagattggece ctgtgtacte 540
ctctgteteg tctgaagcaa gaagtagcaa cattcagtca aagggcagta tctgatacct 600
tgatgacaat taatcggatg gagcaggcac gcacagaata cagaggagct ctactgtgga 660
tgaaagatgt atcccaagag ctggacccag acaccttaaa gcaaatggaa aagtttagaa 720
aagtacagat gcaagtgaga aatagcaaag cttcttttga caagttaaag atggatgttt 780
gtcagaaagt ggatttactt ggagctagtc gctgcaatat gctatctcat tegetcacta 840
cctaccagag aacactgett ggattcetgga agaaaacage tcegaatgatg tcccaaatte 900
atgaagcctyg tattggettt catccgtatg attttgtage tctcaagcaa ctacaagaca 960

cgccaagcaa gattagtgaa gacaataaag atgaacaaat aggcggtttt cttactgaac 1020

agctcaataa gctagttttg tcectgatgagg aagcaagcett tgagagtgaa caagcaaaca 1080

aagatcacaa tgaaaaacat tctcaaatga gagaatttgg agcacctcag ttttctaact 1140

ctgaaaatgt tgcaaaagat ctacctgtag attcattgga aggagaagat tttgagaagg 1200

aattctcatt tctgaacaac ctcctaagtt ctggttettc aagtactagt gaatttaccce 1260

aagaatgcca gactgccttt gggagcccca gtgccagtcet cacatcccag gagcecttceca 1320

tggggtcectga gecccecteget cattcttcecte gattecttece ttcacaacte tttgaccttg 1380

gctttcatgt ggctggagcg ttcaacaact gggtctccca agaggaatca gaactttgte 1440

tttcacacac tgataaccag ccagtgcctt cacagagtcc aaagaaatta acaagatccc 1500

ccaacaatgg caaccaagac atgtcagcct ggttcaatct gtttgcagac ttggatccac 1560
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tttcaaaccc agatgctatt ggacactcag atgatgaact tcttaatgct tgactgaagt 1620
tataatgtca cttcagtggc cttgagacat caattttgca acgtatttcc ttcgtggaaa 1680
ggatttagat tgtaacccgc acacaaaagc acggtgtttg tgaatataac acctgtcage 1740
caactttaga cagatggtaa agaccacatt tgaataagta cacatctttc atatcttgga 1800
tttgcagctg ttggtactat gtggaaaata ttagaaactt ctatgtggaa aatattagaa 1860
actacagagt ttgcgatatt tagatactga aatttatgtc aaaataacgg ctaggaataa 1920
ttctgtcaat atggagttga gcecttatttct ttggaaaccce ttttaagttg ccttgctggce 1980
tgtgagaatt ttatatgtgg ataacaaaga tagatagata gcatgtaaat tgggttgtgg 2040
tttggggtca gtttttaaat gaaatagtag cgaggaggat tttctgtttt ggaaaacacc 2100
attagaacca gaccagcttt gttttgggtt agagagagta agatttgaga actcagtttg 2160
ctttaatgaa atcacagaga aacttggtac ttgtttttct tcatttggag gctaaaatgt 2220
aatgtttttt cattcataca aaataatgga cactccctaa ttccattatt aaatcttgaa 2280
ggggaagtag caggataatt aatttgctaa gcccatcctce tgcagaaaca gaaaaatcta 2340
tctteccate tecctaaaact cagaatgcac agtaatactt aaggcttgta caagtgtcett 2400
cagacccact ttttcataca cttgctatat agtagtatgc agtatttata ttattcctga 2460
aaataaaatg aggggagaat attccctaag caactggcaa tagtattcct gaaataccta 2520
gaaatttcta tctgaatgag ggagacactt atgaacacct tatccttaca tatatttgca 2580
tacttatctc atattttgtg acataattat ttaacccaga atactttctg gcagacatac 2640
agaaagctct gtgtgatcaa taagggagtg tctcattttt ctacttccct ctttetgtgg 2700
gtgacatgat ctgaggttct atttgattac taagcaaaat ctgttacccc tacagggttt 2760
agaacctaag tattagagag gaaggctatt taatggaagt tagtgtaagc tgataaaaac 2820
gtagctaccg tacacacaca tcaatcactc aatttcctgt ccttttaaat tgcccaccct 2880
ttaattttga agcaatttcc caagtgtgtg tttgttttat atttgtcatc cagtccattg 2940
catttccata agaagacatt ttgactggct gggtgcggtg gctcacgctt gtaatcccag 3000
cactttggga ggctgaggca ggcggatcac gaggtcagga gatggagacc atcctggcta 3060
acatggtgaa accccgtcecte tactaaaaat acaaaaaatt agccaggcgt ggtggcacgt 3120
gectgtagte ccagctacte cggaggctga ggcaggagaa tggcgtgaac ccgggaggeyg 3180
gagettgcayg tgagctgaga tggegecact geactccage ctaggcaaca gagcaagact 3240
ccgtctcaaa aaaaaaaaaa aaaaaaaaag acattttaac taagttattc acagtagcett 3300
ccatgtgctce ttagttctat tctaaacagg cttatttaga aaaggattgc ttgtaatgtt 3360
tgtcatggta catagaaaac attggaccag agtaggtaaa atgcagtcca tgtcccatcce 3420
atagccatct acaatagtaa ctgcccacag gctctccaga aaactactac aatggccaag 3480
tacagtatag gctggaaaga ccttatctga aggtcagaaa cattgactca gaaaaaaggt 3540
atgaagtctt tccataaaat cttttcacaa tattactcct atttctttta gattttaatg 3600
agccattact tatctcttca gaagacttaa gtcttceccttt atactcagtg aaatttccca 3660
gaatgtaata ctgtcactgt tctgccaagt tccaatcacc aagatcatga ttacgaatcce 3720
caatctgaat tctataccca tggtgactct gatgctctca acttttgagt gectcaaaaa 3780

atgctaaaac tttggctggg catggtggct cacgcctgta atcccagcac tttgggaggce 3840
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catggcgggt ggaacatttg agggcatgag ttcgagacca gcctggccaa catggtgaaa 3900
ccetgtetet actaaaaata caaaaattag ccaggtgtgg aggtacatgce ctgtaatccce 3960
agctactcag gaggctgagg cagaagaatt gcttgaaccce aggcggcaga ggttgcagtg 4020
agtcgagatt gcaccactac actccagect gggcaacaga gagcgactct ctcaaaaaaa 4080
aaaaaaaaaa aaaaaaaaaa agctaacttt atgtcttgag agtttgtacc atttttettt 4140
gtagtggtca ccttgctaat gcattagttc tgagatattt atctccctca catgtgtgcea 4200
aggaagtccce tgttatcgaa tacagatact ttaacaagca gacaaagcag aaacccaaag 4260
tccatactag gaacacccta aattttccaa aagcaaaagt tctcccgaaa tggagacata 4320
caagggactt ttattattct gttactagtt tctataacat ttcttctttce aacagagtat 4380
atgtttccca tttaacccag agcaacatta acttccttag caagtccagt tctaacttcece 4440
aacaagtcca accactgttt ttgaagagca tatcagtaac tatattaaga tgaaggtaac 4500
cacattcgta ttttctcaag attagttatt tgaagctcag cagtttttgt ggtcagaaag 4560
aaattttgct ctattaaacc aatactgcta atataaaaaa ccaccacact gaagaaacga 4620
gggaaaggac gggataagca cagaacagag aatgactggt tgctttttgt ctcaatctag 4680
ataatccatt caataagaag taaattaatt atccttaacc aatggtaggc tgagaacaac 4740
cctcaaaata gatatttttt atgttaaatg gggagaaata tctatacttt atgttatact 4800
ggataaaaat gtgttttaag tctaaaaaaa accagacgag ctaaactttg cctagtgtgt 4860
ctacaaccat tttttaggag acgcaggaat accagggcat aataagatca gattggtgta 4920
attttgtatg tttttgaaat ccttcattaa ttgtagaacc ttgatatgat tagaaacaaa 4980
ctgtatttca acaaacaggt ttcagtattt gcacactgaa aaagtgtttt gtattttaac 5040
tataaatatt tcacgtatct gtatagacca tctagaaatg tagaggtctt acagcattag 5100
aacgaaggaa gtttacatgt gctctatcta tttttctgag cctcttttaa taaagattgce 5160
aagaaggcat aaaacaagag tttgtttcct gaagttttta gtacaattat tgttttccta 5220
ttcaaaaact tgggttttac ctcaagatca tagtattagg aaagtacatt gagttgatac 5280
ggacatggga gaacgaaaat aaaaccaggg caattaatat ccttgtaagg ccaggcgcegyg 5340
tagctcacgce ctatataaca gcactttggg aggccaaggc aggcagatca cttgaagttg 5400
ggagtttgag accaccctgg ccaacatggt gaaaccccat ctctatgaaa aatataaaaa 5460
ttagctggge atggtggcag atgcctgtaa tcccagctac ttgggaggct gaggcaggag 5520
aatcgcttga acccgggagg tggaggttgce agtgagctga gatcaggcca tgcactccag 5580
cctgggtgac agagtgagac tccgtctcaa aagaaaatcc ttgtgagatg aattcgttcet 5640
tatttcatat acaaggggac tatgtaagat atgggaaata atataatgta cgttatttat 5700
gtaaatactt tcagtaacaa aaactaacaa atatcaaaaa tctgagccta gacacaaaca 5760
attaaatata agccatagta tgtaacctga cttattgaag gcaggaataa aaagaagaga 5820
gccagaattg attcagttat ttttgtcttce catagtgttg gcagggccct gcatttcetcet 5880
accttgagca atgaagcagt cccagaattt tggaatatag aaattaggaa ggaaaaacga 5940
actttaaaat attaatttag tagaactgaa agtaatgcat ttcatgcaac agtaaagtgc 6000
ttaaacatgg caaagaaaac taagggacaa gataagaaaa atggttggta aagatgggtc 6060

acatccagaa gcccaacata agctattttt ccatcttttt ctgtaccatt taaaagacta 6120
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ctaaagagtt caaaacaaac tgtccttggc atttaaagtc aaaacatggt tcettcactca 6180
gtggtgtaaa ttaactactc attggccaaa gagtaaatac aaaaaggaga tgaagttctg 6240
actggtgttg tgggtgagat tttgcagtgt atgtttttac atttgtagtg tacgttttaa 6300
acttcecggtt ttcttgctge ctcaacatct ccacaaacag gctgtgagca cctggcccag 6360
tgtgatatgg gtggcccetg ccacaagttt cccttgctac cttgcccatg acctagtaac 6420
atttaaatgc accagtgaaa ttctcttttt cttgtgtgect tcectcectgac ccaaaggcetce 6480
ctgcccatgt cttaggccte tecgeteccce acctgcecttgg ctgagecccee teccatgtga 6540
cceectetca gecatgcagtyg actggtectcet ctaggacctg tgagtatatt acaacttttt 6600
ttecctgtgte tectectgtga tatctettgt ggctaaacct cactgaccat aacctaaaaa 6660
aacacataca aaaaacatga aagaaaaagt tgtttcttga gctggcecctgg acgaacgggg 6720
agccaggggce tcgaccctgg ctgttggagg cgcagtgagg cctggtctee ggctgccaga 6780
ccacgetgag cggagegege ggcaggeteg cetcageget geggggaacyg cgcgegecge 6840
cgtcegeggt cgccegtagg tgcctgcacg cgteggggte acggectttg gecgacagga 6900
gcgagaagac tcaggagccg ccecgcegect tcgatccgge getgcectggag ttectggtgt 6960
gccegetete caagaagccg ctcagatatg aagcatcaac aaatgaattg attaatgaag 7020
agttgagaat agcttatcca atcattgatg ggattcctaa tattatcata ttaggcagcet 7080
aggatgacac atcaaagaag caagaagtgg agcagcgcta gttcataatt taaaaaaata 7140
aaacagccaa ctcttcttag taccatatac cttttaaaac acagtggcaa gtaataagcg 7200
gaagagaaga atctttctgt ctectttctac gttgactgtt cttattccac tggtttattt 7260
agcaggactg ttccactcag cctctgtaga agaaaacttc ccacagggct gcacttgcac 7320
agctagecctt tgcttttaca gectgctcectt gectattacce ataccggtgt atgtattcett 7380
ccacctttgg acctggatgg ttattaaact cttcatgcat aactgatgca actagagtca 7440
atatgctgta tatattaatg atagctcttg ggcatctatc tctgaaagct caaatggatg 7500
gaatttagtt tgtgggaaag aggctttgct ttgagcatat caggcttagg actgtggacyg 7560
gcttaagttyg cagacgctte ttttattgta ctcttgttet geccgtgttt tttgaagget 7620
ctgacataac tgctttatca gaagaaacat tttgacagtg tcttgttgga gataaacatc 7680
cctaattgac atgtgatgac tacttcttat tccattcatc taagagtcat tgaaattttg 7740
ttttectttgt ttgtttaget tcaaggtctt tggtagtcac atgttaggga tgactgaaat 7800
aattccaaag gagtgatgtt ggaatagtcc ctctaaggga aagaaatgca tttgaacgaa 7860
tgtgatataa aaccacataa tcaaatagaa atttcatgta cttacaaaaa tttagtttgt 7920
aaaattacct tcatttcttt gacattaaat gcttatatta gcaataaaga tgttgacact 7980

ttctcataaa aaattt 7996
<210> SEQ ID NO 15

<211> LENGTH: 3174

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 15

taataatggc cgtaagctta aaatagatce agggaggage tcattaacgt gaacatagaa 60

agcagttcecg cacctctgge cttacteccte ttggaaattg ctttggtcca tttttactte 120
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cttttatteg acgcaccaga aaataagact tttaccaaca tttttactge atttgacgat 180
gaactaattt agaccggcta aaataattgt tccactggga cacaggaatt caacctcagt 240
tcagaaaatc cctgacatct gacgtaggag gatttatagg tttagtggaa attgetttcet 300
cctgctetee agattgcate ctgtgggttg attttttttt tgcatgagta aacatcctte 360
taataatgaa cagaccaata atgtcttaag agagaaaaag aacaatcttt tcctttttge 420
tgtttctgga gagagetgtt tgaatttgga aacccatgtt ggetgtccca aatatgagat 480
ttggcatctt tettttgtgg tggggatggg ttttggccac tgaaagcaga atgcactgge 540
ccggaagaga agtccacgag atgtctaaga aaggcaggece ccaaagacaa agacgagaag 600
tacatgaaga tgcccacaag caagtcagcec caattctgag acgaagtcct gacatcacca 660
aatcgectet gacaaagtca gaacagettce tgaggataga tgaccatgat ttcagcatga 720
ggectggett tggaggccct gecattectg ttggtgtgga tgtgcaggtyg gagagtttgg 780
atagcatcte agaggttgac atggacttta cgatgaccct ctacctgagyg cactactgga 840
aggacgagag gctgtetttt ccaagcacca acaacctcag catgacgttt gacggccgge 900
tggtcaagaa gatctgggtc cctgacatgt ttttegtgea ctecaaacge tccttcatce 960

acgacaccac cacagacaac dgtcatgttgc gggtccagcc tgatgggaaa gtgctctata 1020
gtctcagggt tacagtaact gcaatgtgca acatggactt cagccgattt cccttggaca 1080
cacaaacgtg ctctcttgaa attgaaagct atgcctatac agaagatgac ctcatgctgt 1140
actggaaaaa gggcaatgac tccttaaaga cagatgaacg gatctcactc tcecccagttcece 1200
tcattcagga attccacacc accaccaaac tggctttcecta cagcagcaca ggctggtaca 1260
accgtctecta cattaattte acgttgecgtce gccacatcett cttcettcecttg cteccaaactt 1320
atttccecge taccctgatg gtcatgetgt cctgggtgte cttcetggatce gaccgcagag 1380
ccgtgectge cagagtccece ttaggtatca caacggtgct gaccatgtcce accatcatca 1440
cgggcgtgaa tgcctccatg ccgecgegtcet cctacatcaa ggccgtggac atctacctcet 1500
gggtcagett tgtgttecgtg ttectcectegg tgctggagta tgcggcecgtce aactacctga 1560
ccactgtgca ggagaggaag gaacagaagc tgcgggagaa gcttecctge accageggat 1620
tacctecegee cecgcactgeg atgctggacg gcaactacag tgatggggag gtgaatgacce 1680
tggacaacta catgccagag aatggagaga agcccgacag gatgatggtyg cagctgacce 1740
tggcctcaga gaggagctcce ccacagagga aaagtcagag aagcagctat gtgagcatga 1800
gaatcgacac ccacgccatt gataaatact ccaggatcat ctttccagca gcatacattt 1860
tattcaattt aatatactgg tctattttct cctagatgct tgtaattcta caaatttcac 1920
atttccatgg catgcactac agaaataact gtataatgaa aaagtattta aggatatggt 1980
taaaaaaaaa tcccaggacc cacccatgtt ttcactatcc cttctgcage tttccaaagce 2040
tacattgacg agacacttac tggtttaatt tgcacttatt aaccatctat tgaatacaca 2100
gcattatatt aggtgctgca ggaaatacga cactgtagcg actgatgtta gttgttaccce 2160
agatccectg gaaaagcaca ctaccagtgt tgtgggcaca tttagttcca cccgttagac 2220
ccttgatget attcacatga ataatttatt ttcctcaagt gtcattacat tgttcaggcet 2280
acgtgaactt ggaagcacct acaggccatt tgcatgaaat tcacatgcac ctaaatcctce 2340

actttgacag aaactcatgc ttcagtttat aacctattac ctattttgta tgcgactcca 2400
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cctcecgecatg tttattttaa taaaaggcaa tgataacatt cacattattt ttcectttatat 2460
gctgtggtte acaggcttta ccecttcaca agaaaagctce tttagattgg cgcaattget 2520
tctgattttg gtgaaatttt ccctggtagg gaaactttga agataagagt acacacatgc 2580
attttgtctg ttgtgtcata gaggtaacta ggctagaaaa tttgtgttta aatgttccct 2640
attttatata atcaccactt catgtttctt cttcecttggag catgtccttg ttcaaagaga 2700
agtgctttct cagtgatgtg atatcttcac tgaggaactt gggtagagaa tgatttcttce 2760
tgcataaaca cttcaaggaa atacataatt tgggactact tgtaactcat tagaatgaga 2820
aatactcaca tggtttctta agagaaaaag aacatcggaa agcaaaataa atgggaagat 2880
atcactggac atctgcattt atactcgaaa taccagcatt ttctatggac cagaaaactg 2940
ccatcaccta gaccacacag cccagatacce aggcagacgg atggcccaat ggcaactgat 3000
gtcagggcat ggggtaaagg agagggttct aatctggtgt atcacttaaa aacagttatt 3060
tatattatat atctgctata tagatcaacc tccaccaaac ttacccaaac agcatttgtt 3120
ttatttgaaa ctcactttaa taaagtgaat tatatacaca aaaaaaaaaa aaaa 3174
<210> SEQ ID NO 16

<211> LENGTH: 7773

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 16

agagcctegyg tggtttgecag cagtggaace aggcaggecece agttgtgggt aggagaggece 60
gtcacctgtt gaggectcee cecccacacce ccgcatcegee ctgecctgge agageccage 120
cceccagtece cggagagege gectgaggac ggacggacgg acggacggac agacctaggg 180

acggagggece aggggcaggg gagatccaag aggcccegeg ctggaatgca gttttetegg 240

gecgagggaga ctttgcaccg gagtggaaaa tagtttgggg tggggttteg caccgteccc 300
tcctecccag ccccgggecoe ccteccagge getttetggg agettttaga actgegetcet 360
gaagtttcca gagagcgagg agcttttgeg gcaggcagag acaatggaag aaaatgaaag 420
ccagaaatgt gagcegtgece ttecttacte agcagacaga agacagatge aggaacaagg 480
caaaggcaat ctgcatgtaa catcaccaga agatgcagaa tgccgcagaa ccaaggaacg 540
cctttetaat ggaaacagte gtggttcagt ttecaagtet tecegecaata tcccaaggag 600
acacacccta ggggggeccee gaagttccaa ggaaatactg ggaatgcaaa catctgagat 660
ggatcggaag agagaagcgt tcctagaaca tctgaagcag aagtaccccce accacgectce 720
tgcaatcatg ggtcaccaag agaggctgag agaccagaca aggagcccca aactgtctca 780
cagtcctcaa ccacccagte tgggtgacce ggtcgageat ttatcagaga cgtcegetga 840
ttctttggaa gccatgtetg agggggatge tccaaccect ttttecagag gcagecggac 900
tcgtgegage cttectgtgg tgaggtcaac caaccagacg aaagaaagat ctetgggggt 960

tctctatecte cagtatggag atgaaaccaa gcagctcagg atgccgaatg aaatcacaag 1020

tgcagacaca atccgtgcte tcecttcecgtaag tgccttteca cagcagctca ccatgaaaat 1080

gctggaateg cccagtgtceg ccatttacat caaagatgaa agcagaaatg tctattatga 1140

attaaatgat gtaaggaaca ttcaagacag atcactcctc aaagtgtaca acaaggatcc 1200

tgcacatgcg tttaatcaca caccaaaaac tatgaatgga gacatgagga tgcagagaga 1260
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acttgtttat gcaagaggag atggccctgg ggcccctege cccggatcta ctgctcatcee 1320
accccatgeg attccaaatt ccccaccgte tactccagtg ccccattcca tgccccecte 1380
ccegtecaga attcecttatg ggggcaccceg ctecatggtt gttcectggca atgccaccat 1440
ccccagggac agaatctcca gectgecagt ctecagacce atctcetccaa gceccaagcege 1500
cattttagaa agaagagatg tcaagcctga tgaagacatg agtggcaaaa acattgcaat 1560
gtacagaaat gagggtttct atgctgatcc ttacctttat cacgagggac ggatgagcat 1620
agcctcatce catggtggac acccactgga tgtccccgac cacatcattg catatcaccg 1680
caccgccatce cggtcagcga gtgcttattg taacccctca atgcaagcgg aaatgcatat 1740
ggaacaatca ctgtacagac agaaatcaag gaaatatccg gatagccatt tgcctacact 1800
gggctccaaa acacccectg cctetectca cagagtcagt gacctgagga tgatagacat 1860
gcacgctcac tataatgcce acggecccce tcacaccatg cagccagacc gggectctec 1920
gagccgecag gectttaaaa aggagccagg caccttggtg tatatagaaa agccacggag 1980
cgctgcagga ttatccagec ttgtagacct cggccctect ctaatggaga agcaagtttt 2040
tgcctacage acggcgacaa tacccaaaga cagagagacce agagagagga tgcaagccat 2100
ggagaaacag attgccagtt taactggcct tgttcagtet gegettttta aagggcccat 2160
tacaagttat agcaaagatg cgtctagcga gaaaatgatg aaaaccacag ccaacaggaa 2220
ccacacagat agtgcaggaa cgccccatgt gtcectggtggg aagatgctca gtgctcectgga 2280
gtccacggtyg ccteccagcee agectccacce tgtgggcacce tcagccatcce acatgagect 2340
gecttgagatyg aggcggageg tggcggaact caggctcecag ctecagcaga tgcggcaget 2400
ccagetgcag aaccaggagt tgctgaggge aatgatgaag aaggccgagce tggaaatcag 2460
tggcaaagtyg atggaaacaa tgaagagact ggaggatccce gtgcagcgac agcgegtcect 2520
agtggagcaa gagagacaaa aatatcttca tgaggaagag aagatcgtca agaagttgtg 2580
cgagttggaa gactttgttg aagacttgaa gaaggactcc acggcagcca gccgattggt 2640
tactctgaaa gacgtggaag acggggcttt cctectgegt caagtgggag aggctgtagce 2700
taccctgaaa ggagaatttc caaccttaca aaacaagatg cgagccatcce tgcgcataga 2760
agtggaggcce gtgcggtttce tgaaggagga gccacacaag ctggacagtce tectgaagceg 2820
tgtgcgcage atgacagacg tcctgaccat gctgcggaga catgtcactg atgggctcect 2880
gaaaggcacyg gacgcagcce aagccgcaca gtacatgget atggaaaagg ccacagccgce 2940
agaagtcctyg aagagtcagg aggaggcagce ccacacctece ggcecagccect tccacagcac 3000
aggtgcccct ggcgatgcga agtcggaagt ggtgectttg tccggcatga tggttcegeca 3060
cgcgcagagce tcccectgtgg tcatccagce cteccagcac tceccgtggcece tgctgaacce 3120
tgctcagaac ttgcctcacg tggccagete cecagcecgte ceccaggaag caacctccac 3180
tctgcagatg tcgcaggcte cgcagtccce acagataccce atgaatgggt ctgccatgcea 3240
gagcttgtte attgaagaaa tccacagtgt gagtgccaag aacagggcag tgtctatcga 3300
gaaagcagaa aagaaatggg aggaaaaaag gcaaaatctg gatcactata atgggaaaga 3360
gtttgagaag ctcctagaag aagctcaggce caatatcatg aagtcaatac caaatctgga 3420
gatgccgeca gcecacaggece cactgceccaag gggagatgece ccagtggaca aggtggaact 3480

ttcagaagat tctccaaatt cggaacagga cttggaaaag ctggggggaa agtcgccccce 3540
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tcetecteeg ccacctecte gtecgaagcecta cctgccagga tcgggactca ccaccacgag 3600
gtcaggcgat gtggtctaca ccggcagaaa ggagaacatc accgctaagg caagcagtga 3660
agatgctgga ccaagcccac agaccagagce tacaaaatat ccagcagagyg agcctgette 3720
agcctggace ccatccccac cgectgtcac cacctectee tcaaaggatyg aggaggaaga 3780
agaagaagaa ggagacaaaa taatggcaga actccaggca ttccagaagt gttcctttat 3840
ggatgtaaat tcaaacagtc atgctgagcc atcccggget gacagtcacg ttaaagacac 3900
taggtcgggce gccacagtgce cacccaagga gaagaagaat ttggaatttt tccatgaaga 3960
tgtacggaaa tctgatgttg aatatgaaaa tggcccccaa atggaattcce aaaaggttac 4020
cacaggggct gtaagaccta gtgaccctcee taagtgggaa agaggaatgg agaatagtat 4080
ttctgatgca tcaagaacat cagaatataa aactgagatc ataatgaagg aaaattccat 4140
atccaatatg agtttactca gagacagtag aaactattcc caggaaactg tgcctaaggce 4200
cagtttcggt ttctectggca ttagtccatt agaagatgaa ataaacaaag ggtctaaaat 4260
ctcaggcctg caatactcta tacctgacac cgagaaccag acgctgaatt acggaaagac 4320
aaaggagatg gaaaagcaaa atacggataa gtgtcacgtt tcctctcaca ctagactaac 4380
agaatcaagc gtgcatgatt ttaaaacaga agatcaagag gttatcacga cagattttgg 4440
ccaagttgtt ctaagaccca aggaggcaag gcatgctaac gtgaacccta atgaggatgg 4500
agaatcaagt tcaagttctc ccactgaaga aaatgcagcc actgacaata ttgccttcat 4560
gattaccgaa accactgtcce aggttctttce cagtggggag gtgcatgata ttgttagceca 4620
aaagggagaa gacatacaga cggttaatat cgatgccaga aaagagatga ccccccgaca 4680
agaagggact gacaatgagg atccagtcgt gtgcctggac aagaaaccag tgatcatcat 4740
tttcgatgag cccatggaca tccggtectge ctataagaga ctttcaacta tetttgagga 4800
atgtgatgag gaattagaga gaatgatgat ggaggaaaag atagaggagyg aggaagagga 4860
ggaaaatggg gattctgtag tccagaataa taacacttcc cagatgtctc ataagaaggt 4920
ggccccagge aatcttagaa ccggacaaca ggtggaaaca aagtcacagce cacactcect 4980
ggccacagag accagaaacc caggaggaca ggaaatgaac agaacggagc tgaacaagtt 5040
cagccacgtg gattctccaa attcggaatg caagggtgag gacgcgaccg atgaccagtt 5100
tgaaagcccce aagaaaaagt ttaaattcaa attccctaag aagcaactcg ccgctctcac 5160

tcaagccatt cgcaccggaa ctaaaacagg gaagaagact ttgcaagtgg tagtctatga 5220

agaagaggaa gaggatggca ccctgaaaca gcacaaagaa gccaagcget tcgaaatcge 5280
taggtctcaa cctgaagaca cccctgaaaa cacagtgagyg aggcaagagce agcccagcat 5340
cgagagtaca tctccgattt caagaactga tgaaattaga aaaaacacct acagaacatt 5400

ggatagcctyg gagcagacca ttaaacagct cgaaaataca atcagtgaaa tgagtcccaa 5460

agccctagtt gatacctcat gttctteccaa cagagattcect gttgcaagtt catcccacat 5520

agcccaagag gcectcectceecee gacccttget agttccggat gaaggtccca ctgccctaga 5580

geccectacyg tcgatacctt cagettcacyg taagggctee ageggggecce cacagacgag 5640

caggatgect gtccccatga gtgccaagaa cagaccegga acccetggaca aaccceggcaa 5700

gcagtccaaa ctgcaggatc cccgccaata tcgtcagget aatggaagtg ctaagaaatc 5760

tggtggggac tttaagccta cttccceccte cttacctget tctaagatte cageccttte 5820
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tcecagetet gggaaaagca gttcectcetgcee ctettcectagt ggtgacaget ctaacctcece 5880
taatccacct gctactaaac catcgattgce ttctaaccct ctcagecccece aaacaggacce 5940
acctgctcac tctgecteece tcecatcectte tgtcectctaat ggctcectttga agtttcagag 6000
cctcactcat acaggtaaag gtcaccatct ttcattctca ccgcagagtce aaaatggecg 6060

agcacceccct cectttgtecat tttectecte ccectecttet cectgectect cegtetecact 6120

gaatcaaggt gccaagggca ccaggaccat ccatactcce agectcacca gctacaaggce 6180
acagaatgga agttcaagca aagccacccce atccacagca aaagaaacct cttaaaggte 6240
aaatcctatt aggcacaagt cggagttaca tttaaaaaaa attaacagtc tacaacaact 6300

gttttcacaa gagaatgtaa catattgctg tatcgtttga ggcttaatgc taaatatgtg 6360
ctaaatactg gattaataga tttcagtaaa gctcgttegt tttgtttggt tttcttttta 6420
cctagttget atagtgtcta cagtctatac tcaataccta taaaatgcag taagcatgtg 6480
ttacagaaag aggttctggt gggagagaaa ggtgcgtgtg agacaggaga attgtcttaa 6540
gcatataaaa catgtatgat tccagaattt tagtatgttt tgtataaaac tatttttcat 6600
tacggagact agaagtgaac agagaattac acaagtgtga ctatacaaat tgtaaaacag 6660
atactataat atttcctttt attttagtgt tatttagctt tattacagat ttctattttt 6720
gtcaaaactt catggttcct ttcaagatct tttttgccaa aacattttga tactatagca 6780
ttgtacattt gaaagtagtg ttctagacta taaaaccaat gaacttctac atgagcccta 6840
cagacaggca tgtgtagaag gcaatttatc aaacctattg cactgccatg aaaagtgtgt 6900
ataataattt gctagcccaa gcaagctagt tttetttget tgcttcetttt ctttettttt 6960
tcettecettt tttttttttt tttetttttt aacatgttga gattctctag ttgttttett 7020
tggcgtatct aaccceccttet tttgttttcet gagacctggt aacccacgcet cttgcattgt 7080
ggattttaaa atgtatactc tgtacggttc tgtaaaccga aaaacttttg taaatatata 7140
aatatacata gacataaaaa tactgtatgt gacagcacat agagtagttt tcccacacca 7200
aagttaattt ttatgcatgc tttaaaagta tatatcggga ccggcagaaa tggaagtatc 7260
catacatttt taaaaagcaa caagtttgca cagctagagt gtttttgtaa ataaatgtat 7320
ttgtataaca cagtcatgta atatacagaa ctataagcag agactttgca aaactaaata 7380
aagggctgca tgcttattat tttttgtacc ttgtcactat aactacttcc tagtcaaaga 7440
acgaaatgta actgttaccg agttaaatgt ttttccgett tgagggatgt aaccacatcc 7500
actcagagga cactactttt ctgaaagctc tggggtgact aatgatgagt tcctaataaa 7560
ttaattgcaa gtgtggtgcc ttggatgtgg cctgttgget cgctttcectte tetgtggett 7620
atcaaggtgt agatgacaga aagcaaacct ggatacagag tttccaccct cagttcecctgg 7680
aggggctcett attattttet ctectttttaa aaaacttcca gtagaagtaa agtggaaata 7740

aaatgtcttt atcaaaaaaa aaaaaaaaaa aaa 7773
<210> SEQ ID NO 17

<211> LENGTH: 10264

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 17

ggagccgeeg ggaggtagge gegggacggg cggctgeggt ggeggegggt ggaccgattg 60
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tegcteggeg gegggagtceg gtggagtcte getctttege aaggctggag tgcaatggca 120
tgatctecgge tcactgcage ctccgectcee tgggttcaag tgattcecttcet gectcagect 180
ccecgagtage tgggactaca gaaatgctgg taatttcagt cacttgetga tgacttctga 240
tgtceccagca aatgttggca ttgttgactg ctgagaagat acttctgagg acccacgtct 300
aaggtggact tggttcgcac tcttctggtt agtccctgaa caggagtgat gcctccaggce 360
aggtggcatg ctgcctatcc agctcaggec cagtcttcega gggagcgagg gcggettcag 420
acagtaaaga aggaagaaga ggatgaaagc tatactccag tgcaggctgc caggccacag 480
actctcaacc gccctggceca ggagctgtte cgccagetcet tcagacaget tcgctaccat 540
gagtcttcag ggcccctaga aactctgage cggctccggg aactctgteg ctggtggetg 600
aggcctgacg ttctctccaa ggcacagatc ctagagetge tggtgctgga acagttectg 660
agcatcctge ctggggagcet cecgggtttgg gtgcagette ataaccctga gagtggcgag 720

gaggctgtgg ccttgctgga ggagcetgcag agggaccttg atgggacatc ctggagggac 780

cegggecctyg cccagagece agatgtgeat tggatgggta caggageect gegatctgea 840
cagatatggt cccttgette acctetecagg agecagetcetg ctetggggga ccacctggag 900
cctecctatyg aaatagaage acgtgactte ctggetggge aatccgatac tcectgetgece 960

cagatgcctg cccttttece gagagagggg tgcccgggag accaggtaac accaaccagg 1020
tcectgacag cccagcteca ggagaccatg actttcaagg atgtggaggt gaccttcetcece 1080
caggacgagt gggggtggct ggactctgct cagaggaacc tgtacaggga tgtgatgctg 1140
gagaattata ggaacatggc ttcecctggtg ggaccattca ccaaacctgce tctgatctcece 1200
tggttggaag caagggagcc atggggectg aacatgcagyg cagctcagece taaggggaat 1260
ccagttgectg ctcectacagg agatgacctce cagagtaaaa caaacaaatt catcttaaat 1320
caggaacctt tggaagaagc agaaacctta gctgtgtcat caggatgtcce tgcgacaagt 1380
gtttctgagyg gaattgggct cagagaatct tttcaacaga agagcaggca gaaggatcaa 1440
tgtgaaaatc ccatacaagt aagagttaag aaagaagaga ccaatttcag tcacaggaca 1500
ggaaaagact ctgaagtatc aggaagtaat agtcttgact taaaacatgt tacatatttg 1560
agagtttctg gaagaaagga atcccttaaa catggctgtg gcaaacactt cagaatgagt 1620
tcacaccact atgactacaa gaaatatggg aaggggctca gacacatgat tgggggcttce 1680
agcctacatc agagaattca tagtggactg aaagggaaca aaaaggacgt gtgtggaaaa 1740
gacttcagcc ttagctctca tcaccaacgt gggcagagtc ttcacacagt gggagtgtca 1800
tttaagtgca gtgactgtgg aaggactttc agtcatagct cccatcttge gtatcatcag 1860
agacttcaca ctcaagagaa agcatttaaa tgtagggtgt gtgggaaagc cttccggtgg 1920
agttccaact gtgcgcggca tgagaaaatt cacactggag tgaagcctta taaatgcgat 1980
ttatgtgaga aagctttccg acgcctgtca gcctaccegte tgcaccgaga aacccatgcet 2040
aagaagaaat ttcttgaatt gaatcagtat agggcagctc tcacctacag ctcagggttt 2100
gatcatcatt tgggagacca aagtggggag aaactctttg actgcagcca gtgcaggaaa 2160
tcettecact gtaagtcata tgttcttgaa catcaaagga ttcacaccca ggagaagccce 2220
tataaatgta ccaaatgtag gaaaaccttt agatggagat caaactttac tcgtcatatg 2280

aggttgcatg aggaggaaaa attctacaaa caagatgaat gtcgtgaagg cttcaggcaa 2340
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tctectgact gecagtcagec ccagggtgct ccecgectgtgg agaaaacatt tetgtgtcag 2400
cagtgtggga aaacttttac tagaaagaaa actctcgttg accaccagag aattcacaca 2460
ggtgagaaac cttaccagtg tagcgattgt gggaaggact ttgcctatag gtcagccttt 2520
attgttcata agaagaagca tgccatgaaa agaaaacctg agggcgggcce atcttttagt 2580
caggacacag tgttccaggt tcctcagagce agtcactcca aagaggagcce ctacaaatgce 2640
agccagtgtg gcaaggcctt ccgcaatcac tcattcctece tcatccatca gagagttcac 2700
actggagaga agccatataa gtgcagggag tgtgggaaag ccttcagatg gagttccaat 2760
ctctaccgac atcagaggat tcactctctt caaaaacagt atgattgcca tgaaagtgaa 2820
aagactccaa atgtggagcc aaaaatcctc actggtgaga aacgtttttg gtgtcaagaa 2880
tgtgggaaaa cctttacacg taaaagaacc cttttagatc ataagggaat acacagtgga 2940
gagaagcgct ataaatgtaa tctatgtggg aaatcttatg atagaaacta tcgecttgtt 3000
aaccatcaga ggatccactc tacagagaga cctttcaaat gtcagtggtg tgggaaagag 3060
ttcattggga gacataccct ttccagtcac cagaggaaac acaccagagc agcacaggct 3120
gaacgtagcc cgcctgcacg gtcecttectet caggacacaa agttgagatt acagaagcta 3180
aaaccaagtg aagagatgcc cctcgaagac tgcaaagaag cttgcagcca gagctccagg 3240
ctcactggac tccaggacat aagcattggg aaaaagtgcc acaaatgcag catatgtggg 3300
aaaactttta acaagagttc acaactcatt agccacaaga gatttcatac tcgagagagg 3360
ccettcaaat gecagcaagtyg tggaaagacce ttcaggtggt cttcgaacct ggctceggcat 3420
atgaaaaacc atattagaga ttagcctggg acctgacagt gacagtgggg gtgggttctce 3480
agtccectge tagagaaccce ttaattatag gcattgtgga gtaactttga taaagggccce 3540
agccctttet gttttggaag ctagtgacag aatcccaagg atttgaaagce tceggggagtce 3600
cccagectge ctgctaggat gtgacgctgg ggaagtgcag caccatgtcce tttggagecce 3660
ttectggagac tccggccect aggagtggce tctgcaccat agcecctgecgge tceccectatte 3720
aggtctectt ccacaactct gaagagagag accactgccc tttgtggttg gacagaatat 3780
ctgtggcatc atgggctatg gctgctggaa aggggccagt gggatcctag atttgtcette 3840
aagtttggcce tgtggccatg cctattctgt tgactttaaa agcagcagca tcaagaactce 3900
ctagccttece caaatgcccecce ctggggagtt ctggctgggg cttcagectt cetggcetggce 3960
ttttggatat ctgctagggg gttagagtgg tctcagcecggce aggtggagga gagcaggatg 4020
ctgggctcaa gecgcttggeg tgtggatcte taccagtacce ctgttgccat ccccatccca 4080
caggcctgca taggcagcag cggtccatct gtttaacaga aatgtgctga gcactcccat 4140
acaccaggceg ctggtgtgtt tgccagagac ccagcaggga ccagaacaga tgaaaatcct 4200
gccatcttgg atctttacag atgacaaaca aatgggatac gcagtattct ggatggtgat 4260
gtgtgtagtyg gacaaagtga atcagagaag agcagaggga gtgctggatt gggagatcag 4320
tcgtgatttt agatagtctg gtcagggagg gcctcaactg agaaggtgaa atgtgagcaa 4380
agacgtgaag gaagccaggg aggtagcagg tagcetctceta gggagagttyg caggcagagg 4440
agattgggtc ttgactggtg tcctcaggaa ggaagcccect gggatggagt gcagggagcce 4500
agctggaagg gaaggagagg ggccagggag gcecacaggece cggcecatatyg agcatcatgg 4560

gtcattacgg gggcttgagce tggctcagag ggaggcaggg agcttttgga caattttgag 4620



US 2016/0160217 Al

65

Jun. 9, 2016

-continued
ttgaggagtg atgtggtttg aatctgaatt atattttata agggttaacc acagatccaa 4680
ggactcagta aaagggtgaa aggcttctca tgcagttagc cttgctgecca gttcecccataa 4740
atcagactcc tccccactee gtttcectgaat tttectatagg atcctecggece tcagcagata 4800
taaacgctta ccattgttgt gttcatgtct ctagccectg cacactgcag geccctetca 4860
gcttcacata ccecctectceca tgtatgagat ctggtgctag caatcagatt caacccgaag 4920
gaacaagtgc atgtgcctge tgctctcagg agaaaaggca gcectgttcectg ggaggagcetce 4980
cctcactgge ccacccactt gtgttgaagce aaaaagcaag aatcaattac ttaaaggcaa 5040
aggagtgata ttgctaaagc atgtgagtaa tcattgcttc tgattattga agaggtcaga 5100
ttatgaatga aaggataaaa tgttttaata gtagagcagt gtcctgacta taggggcccg 5160
ttcatggagc tggtcatttc ttgaaatgag aagaaaccaa cctggaagat gtctttttca 5220
gtagagtatg gaataatctt acctgctctg gattgccatg agcaggtgaa aatgaaggct 5280
ctgatattgt gtggtggtgt cacaggatgg tgggggcggg gcagaagtct cctgttggtg 5340
ttctgatgee tgttcagett tgtcctcagg aaggtttggt catcttggtt ctgeccatcct 5400
cttgccttee tacggcagca gcetgttcatg gcactgaaga tgtcccttceca ctgtcccaaa 5460
actggcacta gaagtggctg ggcagggggg ccagagtcat aggaagggtce ttggagtcat 5520
cagatctggg ttccaggcat ggtgtgectt ttecttggcag gattgatctt gagcaagtca 5580
atgaacctct gcatcaattt ccttatgtgt gaagttagag tgcttggctg tgctacctga 5640
ttecctgagat tggtgaaaga gggcttggtt taccaaggct ctccatcagg tggttgacct 5700
ctaggaccag ggccctctceca gaggtgcage ttccatgtca gttggtgttg taaccatgga 5760
aaagtcecctt tccaatcaaa cttttagcac cccectttecce ccatctcectge tecctttgee 5820
acaggatacc ttgtaaagtt cctgccccag tatagggata tttttactgt cttttttatt 5880
ttttgagaca gggttgccca gggtggagtg cagtggcagg atcacagctt actgcagect 5940
tgacctceccca ggctcaggte ccatctgage ctecccgagta getggggcta caggtgtgtg 6000
ccaccctgece agctaatttt ttatattttt ttgtagagac aaaactttta ttttttttte 6060
ccatgttgct catgctggte tcaaactcct gggctcaagce aatccaccca cctetgecte 6120
ccaaagtgct gggattacag gcgtgagcca ctgtgcctga cctgtcattt ttatagaatg 6180
aaatgtgctt atttctaaac attctaatca aattttaaaa tgtgcaaaga atgaagtgaa 6240
aaactgaatt tttttttttt tttgatacgg agtctcactc tgttacccag gctagagtgce 6300
agtggcgcga tctcecgctceca ctgcaagcte tgecteccetgg gectcacacca ttetectgece 6360
tcagcctect cagtagctgg gactacaagt gcctgccacce acgcctgggt tattttttat 6420
atttttagta gagacggggt ttcactgtgt tagccaggat ggtctcgatc tccaggatgg 6480
tctecgatete caggatggte tcgatctcecct gacgtcecgtga tccacccgece teggectece 6540
aaaatgctgg gattacaggt gtgagccact gtgcccggcce aaaagaacag aaattatttt 6600
atcctgaagt aagctgttta tatttgggat tatactgaac ctatttgtcc aataacctga 6660
gttttcaaat aattttagtt ctataagtac tataattata taaatattaa tgaattcaga 6720
ttagctgaaa ggaaaaaaag tagaagcctg actacttggt gctaactact aaagattttg 6780
gcagaatcaa tgttggattt ggctttcectg tecccttceccee atgccagecce cccagagtgt 6840
tctgecttgt getgectece ttcacctgga gtgccacacce cctctectcetg ccagttcecage 6900
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tcttecattet tcaaggcctg accttgtcectg acccttgtge ctctaaacce gtggcecccac 6960
ctctettggt tectatgtca ggtgatgttt gtgtttttgg ttatgcccat cteccatagece 7020
agaccaagca ctctggaagc cagggttggg tgcttattta tectgtttgece atgcagaaaa 7080
tatcttgcac aaaattacct ctgttaagga atctgaagct gaatttagtt tggctgagtce 7140
agggttgggt tttttttaag gggctgtggg gtgaaatgtt gactggaagc cacccacaaa 7200
cacacacctg ctggttagga acccggctgt gggtggttet gagctgtttg gettcagttg 7260
acagtttctg attgccctga gcaccaggtce tcatcttgca tcectcatcctg gectggagaa 7320
cattcagttt ccttccaacc cttcccacct ttececcccact ceccttggagg aactgaagtt 7380
ggggttgagg agagccagat ggctggagtg ggtatttgaa ggtctttcectg tcacctgtte 7440
agtgtggtct geccccaccee tgctgaccaa gactgactga aatgtaaaat aatacagacc 7500
atctcacact cagaaagctg gcacattttt gaaagcccaa gtgtgggtaa gtgcgtggaa 7560
caacgataat tcacactgct ttatgagtag aaattgtgag aaatattgtg ccaggcaatt 7620
tgcaaaatct tggaaggttg tgtgcactta accacccagc aactactcct ggatgcatcce 7680
tagagaagtg ccatgtgaac agagaatgat tttaagactt cactgaagta ttgtttaggt 7740
agcaagattg ggaaaagcct gcatttcatc agcagaagaa tggataaata aatgggttgt 7800
ttttggtecct tggaaagtga atatgaaaga gttacgtctc aacacagata gatgaaaaat 7860
tatgctgaga aagttggtga agctacatac aaggtaccct tagtgtaaag ttaagcatac 7920
tgtgtacctg tgggcacgtt acttcaactt gtttttcact ttttctgtaa aatgggatag 7980
tagtggcaat ctcacagggt gattgtgggt gggggggtgg tcaatgaagt aatgcatgta 8040
aaatgcttag aatagtgtct agcatgtaag ccttgtggac atatagaaag tgttattgtt 8100
ttgcacagta atctattttc tgtggattca aataatatga aatgagtata aaatcatgta 8160
ttggaacgat gtgtgcaagt caccattctg ccttcecctaag gcaggagacc tgatggattt 8220
ggggagggta catggggcct tcagttgtgt tttctttgtt tttttctaaa aattgatgca 8280
gaggcatcac aatgttaaga tttttacagg gtagtgtggt gggtactttt taactgtttg 8340
cttaaagtgt ttcaaagtaa aaatatttct taagcatagt ctctgacatc ttatgacttt 8400
atagaaatcc ctgccaggta catgatgtta cttagagtga gccacctaat ctttcaaggce 8460
ttccatttece tcacctgcaa aaattgggag tgtcagaggce gtttgaacca gagtgactcce 8520
atcttgaata gggaactggg taaaataagg ctgagaccta ctgggctgca ttcccaggag 8580
gttaggcatt ccaagtcatg ggatgagata ggaggtcagc acaagataca gtcataaaga 8640
ccttgccaat aaaacagcat gtggtaaaga agccggtcaa aaccaagatyg gcaatgaaag 8700
tgacctectgg ttgtcctcac tgctgtaatt atactgtaat tataatgcat tagcatgcecta 8760
acagacactc ccaccagtgc catgacagtt tacaaacgec atggcaggcece tggcacgatg 8820
gctcatgect gtaatcccag cactttggga ggccaaggceg ggcggattat gaggtcagga 8880
gattgagacc agcctggcca acatggtgaa accctgtctce tactaaaaaa tacaaaaatt 8940
agctgggcat ggtggcacgt gcectgtaatc ccagctactt gagaggctga ggcaggagaa 9000
tctctagate ccgggagttyg gaggttgcag tgagccaaga tggtgccact gcactccagce 9060
ctgggtgaca gagcaagact ctgtctcaaa aaaaaaaaaa aaaaatgcca tggcaacatce 9120
aggaagtaac actatatggt ctaaaaagga gaggaaccct cagttctggt aattgctcac 9180
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acctttececg ggaaacttat gaataatcta cceccttgttt agcatataat caataaataa 9240
ccataaaaat aggcaaccag cagcccttgg ggctactett cctatggagt agccattctg 9300
tatttcttta ctttcttaat attaactact ttcactttgt ggactcgccce gaattcectttt 9360
cttgagcaag gtccaagaac tctctcettgg ggactggatc acgaccgctt tcetggtaaca 9420
ggagcaatac aaatggctat tagtaaacga acgcttaagt aactctagta catctatgat 9480
gaaataccag gccacagttt ttttaaaaat gaggatgttc tctatatact gacgcacagt 9540
caccaagaca tgcactttat aggaaattat aagctcctcecc ttgcctaaat ctecttaatt 9600
ttgcttaata aataacaagt gaagccagaa gctgtaaact cataatttta atgaagaaat 9660
gggatccaga agatggagat gtttttcatt ctactttatt agatgaggaa aaggagagta 9720
aatacttgta tgccagctac cacacctttt aaagttaatg ttaaccctgce taagaacagc 9780
aaggagattt tatatcagcc aggttttagt tgccagaaac cacaccagtt attttagcaa 9840
agaccttata aagaagtgta ctatatttaa gtagctaaaa aggcaagaag aaaatgccaa 9900
ggtgtcttgg aggtagcaac tgctaagcag ctgccaccec aggactgggg gagctagaat 9960
agagtctccce catgtttgac gtttgtctge taatagcatt caagctctecce cectcagttt 10020
gcctggatet ggacaagctg ataagaaagce ccagccactt cctetttgeg tcagagggga 10080
agttcaaact gtgcaaaccc tgactgtcaa atgcactgag ctctcataac cacaacaaaa 10140
accagagcca cttgttcecgte ctttcactga agcccaacag actggegtgg gtgccegett 10200
tgctttecct agaaggccte atgtgagtag taaacttttt cataacctca aaaaaaaaaa 10260
aaaa 10264
<210> SEQ ID NO 18

<211> LENGTH: 1330

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 18

aaaaagaact gcttectettt cttteccect ccaagttect agtggaggge tgagtccage 60
atcccagact cgtgtgacta tataggcaag catttgggga cctacttcac tttgatacce 120
tagccttecag cagctcaagg tgttggectt tggataggag gettccaagt agtaaagetce 180
cctgetetea gecaageccaa caccatgggg aagggagatg tettagagge agcaccaacce 240
accacagcct accattcect catggatgaa tatggttatg aggtgggcaa ggccattgge 300
catggctect atgggtceggt atatgagget ttctacacaa agcagaaggt tatggtggca 360
gtcaagatca tctcaaagaa gaaggcctct gatgactate ttaacaagtt cctgeccegt 420
gaaatacagg taatgaaagt cttgcggcac aagtacctca tcaacttcta tegggecatt 480
gagagcacat ctcgagtata catcattctg gaactggcte agggtggtga tgtccttgaa 540
tggatccage gctacgggge ctgctcetgag ccecttgetg gecaagtggtt cteccagetg 600
accctgggea ttgectacct geacagcaag ageatcgtge accgectgat geccagectt 660
tctgetgetyg gtagggactt aaagttggag aacctgttge tggacaagtyg ggagaatgtg 720
aagatatcag actttggett tgccaagatg gtgecttcta accagectgt gggttgtage 780
ccttettace gecaagtgaa ctgettttee cacctcagec agacttactg tggcagettt 840

gettacgett geccagagat cttacgagge ttgccctaca accctttect gtetgacacce 900
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tggagcatgg gcegtcatcct ttacactcta gtggtcegece atctgccctt tgatgacace 960
aatctcaaaa agctgctaag agagactcag aaggaggtca ctttcccagce taaccatacc 1020

atctcccagg agtgcaagaa cctgatccte cagatgctac gccaagccac taagcegtgcece 1080
accattctgg acatcatcaa ggattcctgg gtgctcaagt tccagcctga gcaacccacce 1140
catgagatca ggctgcttga ggccatgtge cagctccaca acaccactaa acagcaccaa 1200
tcettgcaaa ttacgacctyg aaaatggetyg agggaggggyg ctaagagagyg agcaaagcag 1260
gaggtcttgg gctaaaaatc ttttttacca aaaataaatc taagtctgat ttagtttcat 1320
caaaaaaaaa 1330
<210> SEQ ID NO 19

<211> LENGTH: 2779

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 19

cecggggaceg tttgtagtta ggatcegetg tggegtectyg agtggagttt gggaccccag 60
ggagggaggy tgtgggcgtt cgggtccaga ggagetgttt agtatccaag atgaatgaca 120
gectgtttgt cagtttggac agacttttge tagaatttgt cttccagtat gagcaagaca 180
taagtactaa agaagagatg attcaaagaa ttaataaatg ctgtgaagat attaaggaaa 240
acaaagtaac tatttgtagg atacacgaaa ctataaatgc aacagatgag gaaattgatc 300
attactgtaa acatagtgag gagattaaag acaactgtag aaactggaag ccaacatgtg 360
atgttttteg taaacatgaa gattatatge aggaccaatt tactgtttat caaggaactg 420
ttgaaaaaga caaagaaatg tatcatgatt atatatgtca gtataaagaa gttttgaagce 480
agtaccaact aaaatactca gaaacaccct tttcacgtga atattatgag aagaaaagag 540
aacatgaaga aattcaaagc agagtgttgg catgtactga acaattaaaa atgaatgaaa 600
caatttttat gaaatttcga gtgcctgcte cctttcecatce acttactaaa tggactttaa 660
acattgttaa tttgagatgt gaaacacaag atattcttaa acatgccagc aatcttacca 720
aaagttcatc cgaattgaag aaagaagtag atgaaatgga aatagaaatt aattatttaa 780
accagcagat atctaggcat aatgaaacta aggctcttte agaaactctyg gaagaaaaga 840
acaaaaatac agaaaacaga aaagaactga aagaaagaat ttttggaaaa gatgagcatg 900
tacttacatt gaataaaact caaagcagtc aattatttct tccttatgaa tctcagaaat 960

tagtaagacc aataaagatg cattcttcag aaccaagagt tgcagatata aaagaagaaa 1020

gttctgcgaa gcagtcaaag cttgccaata ttgactttag acaaaaagaa aatgatacac 1080

agatatttaa tgactctgct gtggataacc attcaaaatg ttcacatatt acgactatca 1140

caagttcaca aaagtttatg caagtcagat tgttaacccc acagaaacaa tcaaattcca 1200

atcagtggtc ggaaaaaggg gataaagatg ctgagtatgg agataaaggg acagtaagac 1260

aagtaagaga atcaaaatgt acttcacaag ctatatatac tgaacatttt gggaagtcaa 1320

tagaaaatga tagtgatgaa gtagaagaga gagctgagaa ttttccacga acgtctgaaa 1380

ttcctatatt tttaggaact cccaaagctg tgaaagcacc tgagtcattg gagaaaataa 1440

aattccctaa aaccccceeg ttcgaaatta acagaaatag aaatgcagta cctgaagttce 1500

aaacagaaaa ggaatcccct ggactttctt ttcttatgag ttatacttcet agatcacctg 1560
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gattgaattt atttgattct tctgtatttg atacagaaat ctcatcagat cagtttaatg 1620
aacattattc tgcaagaaat ctaaatcctc tgtcatcaga gcaagagatt ggaaacttac 1680
ttgagaagcce agaaggagaa gatggcttta cattttcettt tccatcagac acttcaactce 1740
atacatttgg agctggaaaa gatgatttta gttttccatt ttcatttgga cagggtcaaa 1800
attcaatacc ttcttcttet ttaaaaggtt tttcatcttc ctcacaaaat acaacacagt 1860
ttactttttt ttgagctagt cattaattcc ttaaattatt ttactgttct gtgttcatga 1920
gggcataaat ttacattatt gcttaaaaca tgaagactgc tttcttttat tgattaaagce 1980
agtaatgttt acattatttg attatattta ttgaaatatt gaaatactga atattttggg 2040
ttttgtgtgt gctattaact aatcattatt tattttggtt ttgattttgce gagccgtggt 2100
caggtagaac ttttattaat cttaatagaa tttgatgctt ttttcattac tcectttattta 2160
aatattaagc ctgcttctec ttggaaccta aggttttttt ctggaagtat tgttggtact 2220
ttgataagaa caagaactgc agtagtaact ccagagttag tgctgaagcg tactttagcet 2280
actaaaaatt tctattaaaa ttattgggtt tcacttctgce ttcactatgt agtatacaga 2340
gtggtactgt aataataatt tcaaataatt tatgttaata acaaaatctg tgttattttc 2400
ttctaatata acacatggta caattctaat tttatgagtt atgctaatgc tttcaatggc 2460
taaaaattaa atgtaaaggg caagagtaat ttctgaaaat tggattgttg tatcagtggt 2520
gatcctgtta atattctttt ttgcttaaat attttttgaa gaacatttac aattttgtcect 2580
ccttcaataa caaaaatttc ttctttatgt tttgtgttca gtatttgtca attaattata 2640
tagcttaagt gaagatattt aagatttgat gaacttctgt aaacattttg ctcaatatca 2700
ttgtattttg tgctttgtaa attagctgta ctgagttacc aagtaataaa gggtttgact 2760
ccaaaaaaaa aaaaaaaaa 2779
<210> SEQ ID NO 20

<211> LENGTH: 4144

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 20

ggaccggaag tggaagtggt cttcecaagge ttttttgeceg ctggtgtcag gagtatttte 60
atattccaat accgataaat ctttgaggtt tctgggtgte tetggggage ccctgggeca 120
gattttccte tagactccag cccatctett cagagcaget ctgcttgagt tcacagatga 180
ctgccaaget tcagacacce tacagaaaaa gggttgagac ccagtgtgge catgccaget 240
aattggacct cacctcagaa atcctcagee ctggetecag aggatcatgg cagcetcctat 300
gagtgttaac cttgatgcct gaaagaactyg gaaattatga agatagattc agaagtcaaa 360
tatgttaact aactgcattg aagagtagaa gaaaacaata gcctaggatc agtgtcctte 420
agggatgtgg ctatcgattt cagcagagag gaatggegge acctggacce ttcetcagaga 480
aacctgtacce gggatgtgat getggagace tacagccacce tgctctcagt aggatatcaa 540
gttcctgaag cagaggtggt catgttggag caaggaaagg aaccatggge actgcagggt 600
gagaggccac gtcagagcetg cccaggagag aaattatggg accataatca atgtagaaaa 660
atcctcagtt ataaacaagt atcctctcaa cctcaaaaaa tgtatectgg ggagaaagcet 720

tatgaatgcg ccaaatttga aaagatattc acccagaagt cacagctcaa agtacacctg 780
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aaagttcttg caggagaaaa gctctatgta tgcattgaat gtgggaaggc ttttgtacag 840
aagccagaat ttattataca ccagaaaacc catatgagag agaaaccctt taaatgcaat 900
gaatgtggaa aatccttttt tcaagtgtcg tccctcttca ggcatcagag aattcatacc 960

ggagagaaac tctatgaatg cagccagtgt gggaaaggct tcectcttataa ctcagatctce 1020
agtatacatg agaaaattca tactggagag agacaccatg aatgcactga ctgtggcaaa 1080
gcattcacac aaaagtccac actcaagatg catcagaaaa tccatacagg cgagagatcce 1140
tacatctgta ttgaatgcgg acaggccttce atccagaaga cccatttgat tgcacaccga 1200
agaattcata ctggagaaaa accatatgag tgcagtaact gtggcaaatc cttcatttcc 1260
aagtcacaac ttcaggtaca tcaacgtgtt cacacaagag tgaagcccta tatatgtacc 1320
gaatatggga aggtcttcag caataattcc aacctcgtta cacataagaa agttcaaagt 1380
agagagaaat cttccatatg tactgagtgt gggaaggcct ttacctacag gtcagagttg 1440
attattcatc agagaattca cactggagag aaaccttatg aatgcagtga ctgtgggaaa 1500
gccttcacte agaagtcagce actcacagtg catcagagaa ttcatacagg agaaaaatcg 1560
tatatatgca tgaaatgtgg actggccttc attcagaagg cacacttgat tgcacatcaa 1620
ataattcata ctggagagaa acctcataaa tgtggtcact gtgggaaatt gtttacctcc 1680
aagtcgcaac tccatgttca taaacgaatt cacacaggag aaaagcccta tatgtgcaat 1740
aaatgtggga aggcattcac caaccggtca aatctcatta cacatcagaa aactcataca 1800
ggagagaaat cttatatatg ttccaaatgt ggaaaggcct tcacccagag gtcagacttg 1860
attacacatc agagaatcca tactggggag aagccttatg aatgcaatac ttgtggaaaa 1920
gccttcacte agaagtcaca cctcaatata catcagaaaa ttcacactgg agagagacag 1980
tatgaatgcc acgaatgtgg gaaagccttc aaccagaaat caatactcat tgttcatcag 2040
aaaattcata caggagagaa accctatgta tgcactgagt gtggaagagc tttcatccgce 2100
aagtcaaact ttattactca tcaaagaatt catactggag agaagcctta tgaatgcagt 2160
gactgtggga agtcctttac ctccaagtct cagctecctgg tgcatcagcec agttcacaca 2220
ggagagaaac cctatgtgtg tgccgagtgce gggaaggcct ttagtggcag gtcaaatctce 2280
agtaagcacc agaaaactca taccggagaa aagccctaca tttgttctga atgtgggaag 2340
acctttecgac agaagtcaga gttgattaca catcacagaa ttcatactgg agagaaacct 2400
tatgagtgca gtgactgtgg gaagtctttc actaaaaaat cacagctcca agtgcatcag 2460
cgaattcaca ctggagagaa gccttacgtg tgtgctgagt gtgggaaggc ctttactgac 2520
aggtccaatt tgaataaaca tcagacaaca cacactggag acaaacccta caagtgtggc 2580
atctgtggga aaggcttegt tcagaaatca gtgttcageg tccatcagag cagccacgct 2640
tgagagaaac agtgtgagaa aacccccctg agggttgggt ctgattgtac actgttgcac 2700
gcatgcagca gaaaaatatg tatattattg taaatagaaa tgaccacagc agaatgtcac 2760
acatggctgt tctggagagg gcectctgaga aggcactgaa tgaggcgagg gacccttect 2820
acattgtcac catccccagt aaaccttggg tcattattca tactgacaag gaaccgagtc 2880
aatttggtga ataggaaaag ccttctcatg aaaactacaa tagaatactg ttaccaaatt 2940
cttcctaaga aagatcgtat taagttaacg ataatcctgt ttactgtgga ttaggtatag 3000

tgccaacaaa ttgaatgata aaacaacata atacgtagtt attttgatag tgatgaatcc 3060
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taagttatgt gagttgttcg ttgtggaaca cattgtgtaa cagactcctg ggtgttttte 3120
tttctcattc gaatctacca cagttggtca tatccaaccc tcattcagta tttctatcaa 3180
gaaagagatg ctacaaaaaa aaaaagaaaa aacctttatg tatacagacg taaacctcag 3240
aatgtatgtt gagtccccac tgtcatctac caagacttgc acccccecctceca ttatctacca 3300
tgactgtctce tcagcctcac gggccctcag cactttgtgt tttgacccce agcaccgtgt 3360
cttgtgaact cccatcacct tcaagaaagc ttccgaggta agaattttat ggtcatctgg 3420
gacaacttaa atctccctte tgctgtcata gttcttccaa ctcagttgece tttttttttt 3480
tttcgtactce atcactgact tgaagcttag tatctggcett ccttaaggat gtaactttca 3540
tgtaacagat taataactta tatgaaaacc aacacaacca tatgtttagg gctggaaagg 3600
gccatgacge ctggecattt ttectgtttt accttactet tatgtgtgtce acacttcatce 3660
aattccggaa acagtttetg gagatctcct cattacctet tttacaatca cctcactcecca 3720
gcatggtgte tgttacctct tcccacttgt gacaatgtcet agtaaggtcc actctccatt 3780
ctgtgtgatg accacttatt acaaccctca gaatagggga cagtggtgtg ccccctgcaa 3840
tacaatggtt tctatctcct gatactttta ttacacctcect agcaggatgt cttgtgatcce 3900
tcettattga tttttcececte acgatgatga acaattatct cccgttacte acctagcagt 3960
atctaactgt ccctaacaca gcatgtggga atgccctcaa tacggtggat gcectgttaact 4020
ttecttectte cecctcaggca atggcggtga cttacaatga accataatgt ccacatttcece 4080
caactgtatt ttggagcctc ttcectgteccce ttectttetag gaccccagtt aaaaaaaaaa 4140
aaaa 4144
<210> SEQ ID NO 21

<211> LENGTH: 1642

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 21

acagagtagce tttgcaactg getttgggga cttecgaaag ctaccagcac tgcactgtga 60
gactctcate cctgagetga attcatctga ttcgacggca agetttggtyg agaacataga 120
tatatttctg aggaaaatgg actcagactt ctcacatgec ttccagaagg aactcacctg 180
cgtcatctgt ttgaactacce tggtagacce tgtcaccatce tgetgtggge acagettetg 240
taggccctgt ctetgecttt cgtgggagga ageccaaagt cetgcaaact gecctgeatg 300
cagggaacca tcaccgaaaa tggacttcaa aaccaatatt cttectgaaga atttagtgac 360
cattgccaga aaagccagte tctggeaatt cctgagetet gagaaacaaa tatgtgggac 420
ccataggcaa acaaagaaga tgttctgtga catggacaag agtctectcet gettgetgtg 480
ctccaactet caggagcacg gggctcacaa acaccatcec atcgaagagg cagctgagga 540
acaccgggag aaactcttaa agcaaatgag gattttatgg aaaaagattc aagaaaatca 600
gagaaatcta tatgaggagg gaagaacagc cttectetgg aggggcaatyg tggttttacg 660
ggcacagatyg atcaggaatg agtataggaa gctgcatceg gttctccata aggaagaaaa 720
acaacattta gagagactga acaaggaata ccaagagatt tttcagcaac tccagagaag 780
ttgggtcaaa atggatcaaa agagtaaaca cttgaaagaa atgtatcagg aactaatgga 840

aatgtgtcat aaaccagatg tggagctgcet ccaggatttg ggagacatcg tggcaaggag 900
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tgagtccegtyg ctgctgcaca tgccccagece tgtgaatcca gagctcactyg caggacccat 960
cactggactg gtgtacaggc tcaaccgctt ccgagtggaa atttceccttece attttgaagt 1020
aaccaatcac aatatcaggc tctttgagga tgtgagaagt tggatgttta gacgtggacc 1080
tttgaattct gacagatctg actattttgce tgcatgggga gccagggtcet tetectttgg 1140
gaaacactac tgggagctgg atgtggacaa ctcttgtgac tgggctctgg gagtctgtaa 1200
caactcctgg ataaggaaga atagcacaat ggttaactct gaggacatat ttcettetttt 1260
gtgtctgaag gtggataatc atttcaatct cttgaccacc tccccagtgt ttectcacta 1320
catagagaaa cctctgggcc gggttggtgt gtttcttgat tttgaaagtg gaagtgtgag 1380
ttttttgaat gtcaccaaga gttccctcat atggagttac ccagctgget ccttaacttt 1440
tcetgtcagg cectttectttt acactggcca cagatgatca ggattaagaa aacttactgt 1500
ttgggaactc catatacaag ggagcccttce actgttgata caaagaaatc atactgttca 1560
ggcttttttyg tactttagtg tcacttcatt ttattgctat taaataaaaa atttgtaaaa 1620
ggcaaaaaaa aaaaaaaaaa aa 1642
<210> SEQ ID NO 22

<211> LENGTH: 5030

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 22

agtggagggg agggggtaag tgatagggta ggggaggccce tgggaaaggce aggacctcga 60
ggegeggeeyg cgcgaggtga ccggagtcac agttccecgca ggcggcegaca gcagagcgec 120
cactgectee agcaggtaac cggccgegge cgegeggege cggeccageyg cgggegtggg 180

acgtggagac ccggaggagg gcggcgggac ccgggcgggg aaaggcegcegg cgtggettgg 240

ctcaggtgeg cttcecteccac ctggecagete getcaggget gtggggggeg cctgtgaggg 300
cggecccgee ttgegggetyg gagattaata ttaagattgg aagtttgtgt cttttgetgg 360
atattggaaa ttgaatgtaa tggcaacaga atttataaag agttgetgtg gaggatgttt 420
ctatggtgaa acagaaaaac acaactttte tgtggaaaga gattttaaag cagcagtccce 480
aaatagtcaa aatgctacta tctctgtace tccattgact tetgtttetg taaagectca 540
gettggetgt actgaggatt atttgettte caaattacca tctgatggca aagaagtacce 600
atttgtggtg cccaagttta agttatctta cattcaaccce aggacacaag aaactcctte 660
acatctggaa gaacttgaag gatctgeccag agecatctttt ggagatcgaa aggtagaact 720
ttccagttca tcccagecacg gacctageta tgatgtgtat aacccattcet atatgtatca 780
gcacatttca cctgatttga gtcgacgett tectcccegt tcagaagtga cgagactgta 840
tggatcggtt tgtgatttaa ggacgaacaa acttcceggt tecectggge taagcaaatce 900
tatgtttgat cttacaaact catctcageg attcatccag agacatgatt cattgtccag 960

tgtacccagt agttcttett caaggaaaaa ttctcagggg agtaacagaa gcctggatac 1020

aattactcta tcaggagatg aaagggactt tgggagactg aatgtgaaat tgttttataa 1080

ttcttcagta gaacagatct ggatcacagt tttacagtgc agagatttaa gttggccctce 1140

tagttatgga gacactccta ctgtttctat aaaaggaata cttacattgc ccaaaccagt 1200

gcatttcaaa tcttcagcca aggaaggttc caacgctatt gaatttatgg aaacgtttgt 1260
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atttgctatt aaacttcaaa atctacaaac tgtaagactt gtatttaaga ttcaaaccca 1320
gactcccagg aagaaaacca ttggagaatg ctcaatgtca ctcagaaccc ttagcacaca 1380
ggaaatggat tactctttgg atataacacc accttcaaaa atttctgttt gccatgcaga 1440
acttgaattg gggacttgtt ttcaagcagt aaatagcaga attcagttac aaattcttga 1500
ggcacggtac cttccaagct catcaacacc tctgactttg agttttttcg tgaaggtggg 1560
aatgtttagc tcgggagagt tgatttataa gaaaaagaca cgcttactga aggcctccaa 1620
tggaagagtc aagtggggag agactatgat ttttccactt atacagagtg aaaaagaaat 1680
tgtttttcte attaagcttt acagtcgaag ctctgtaaga agaaaacact ttgtgggcca 1740
gatttggata agtgaagaca gtaataacat tgaagcagtg aaccagtgga aagagacagt 1800
aataaatcca gaaaaggttg ttatcaggtg gcacaaatta aatccatctt gaagacttca 1860
cacattaatt tggtgaagaa cttgacattc ttttagaaga cttatgattt caatttgcta 1920
ccaatgagaa gaggcaaatc aacaaatttg tcaatttatg ggggctataa ttatggtata 1980
taatgtatct gatagaaaat ttgataagaa aatgtaatga attttatcag atatccaaag 2040
taaaggaaat gttttaaaac tgcaacaaga gacacagaca gtaaaatcaa agtattatta 2100
ggatgactaa ataaattata aagtctgtga gaatatcaac catagatagt tctttctata 2160
ttatgttttt gecttttgtat tttaagecttt acttagatat tcaaaacctg gtatatcaag 2220
tctetgttag tactattgge atttagaaga ctttaccatt atttcagtgce taggcattat 2280
tgattaggtc ttggctccac tgtttacctce ttgctatgta ttttctccecg gtaaaaatga 2340
attgaaccat ttcaactatt ttctatattt ggagaaagtt tgtgccctgt gttttataat 2400
ttttttacce ataagacatc acattatccce tttgtaaget acttatctecce aaaaaacttce 2460
agaaatagaa aactacattt tggcaggaat aattgaaaac accagaaggt tgaagtttaa 2520
ttggaaaccc agaatataca tactttgctg ttttcecttecce tcaaatattt tactatttgt 2580
tttatttgga gttaaaataa gagtatcatc catatggtcc atcctaattc acagaattaa 2640
atgagcttaa atagaaaatt cagtatttta tgataatcac ttcgttttta gtttttaaaa 2700
tttagattat tctataattt accgtgtttg agtattttct cattttttte ataaccatac 2760
ctgattatac tgtgtaacaa atattttcta ttgcagtttt ctttccagta cttattagaa 2820
ctcagtattt ggaaataatt tcagcttaat tgaccataag aactgtggcc aaaaagaaca 2880
gttttttgga gaggcagatg acattatacc tgattttaga aaatctcact ttatttttge 2940
taataagtag actaagtgct ctgtgttctc agtcttcect ttttttctge ccccattcett 3000
actttgtcce aggcatgcag agaaagatgg tgatatttta ggccaggagt ataccttget 3060
ataacctaag catgccttet ttattccage tcectatgttce tgtgtatatce attaacattt 3120
tcccaaataa acacttaatt ctettttcecce taggtgccat ctcectcaage tacaaaatgt 3180
ccacatctta tatccccttt gettctactg ctetgatttt gtggtaccag tactctectgce 3240
cactgaacat tttgaaatat ttttgtttta gatttgcaaa aaatgacata taggtcagta 3300
ctcacatgga tttttaagat aaatcacctg tgtgataata ttttgaatct gagacgaata 3360
caacttttaa aaattgtttt taaaaataga cttttttttt tagagcagtt gtaggttaac 3420
agaaaaattg agaggaagat agagatttcc tttcectccect gacaaagccce tcaacagect 3480

cccaggctat cagtatcctg caccacaatg gtacatttgt tacaatcaat gaacctactce 3540
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tgaaacatca ttatcatcca aagttcatgg tttacattag agtcccctet tggtgttata 3600
catgctagag gacaaatata tgatgatatg tatgcatcat tataatatag tatagtttcg 3660
ctgccctaaa catcctctge aaatgcaact attttaatgg gtaccaaaga agtaaatgta 3720
tttactggct tttagataat aaataacggg ctttattgtt tattttaaaa gctacaattt 3780
gttttagectg gtttctectgt tctattaatg ctttgaattt ccaaatttaa tatatgtagt 3840
catgcattta acttaatatt taattatttg atttatttaa ttttctatat tcttacaatg 3900
tatgtatgat gtataattta agggaaagct atgacttctc agtttcttag aatcctaggt 3960
aaataaaaca ataaaaagaa aacccttaca tttaaaagag ctttcaggta cagaagtatt 4020
gatacaacta agatcctaaa tgttttaatt agtgtttact taagcctttt tcaggtgagg 4080
aggtactaat gctggttatt tccttgaagce tttatgtgga cctataaata aaaatccaat 4140
ctcctgctaa taggtatgca tattgtgaga aaaacgttag gagctggtag taaaaaatga 4200
gattctatgc caaaataact tctcecttcata tttgcctagg catttcttga cctttaccca 4260
cttacgcaag gagaaggaaa tcataatgat gtcatgtgat caaaggaaac catggaaggg 4320
ttcacgctga tagctgatag cttttacagt gctcattcect aacagtggat ttacttgtaa 4380
gctttcagat caacacaaat agctgcagcc tgggttaaaa tataacatca ctatttgget 4440
tttgttttge atgattttta aaagcagtac tcctagggaa atggcctctg aagtatatca 4500
gtttcatcte ttaccaagac tgttaagaag aaactagtgg gattttgaac aagttatata 4560
attgtggtct gaaaagaccc taaactgaag ttctgtttaa atatagttac atgaatttct 4620
ctgatactaa tgtactcaac agccaggtat aaactatatc tcctagtaac attttccatt 4680
tttgtttaat caaatacttg cttatgaagg atttcagaaa tttgtaataa atgtcagctt 4740
ttgatagcat agcagtaatt gacatttcaa aaatatatat ttctttctgt gtttggttgg 4800
gtgtaatgag gaaaatacct gataaaatgt ctgaagacac tttctaatgt tatcttggtg 4860
cataagctgt aatttttatt caaaattaaa tttcaaatgt ttgcagtttt ggctaaaaca 4920
ttgagttgaa agaattatga aaagtgggcc catatgaagt accatgttca ttttgaaata 4980
tagatttaag atttagaaat atattaaaag agttaatgga gcctcctaaa 5030
<210> SEQ ID NO 23

<211> LENGTH: 2164

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 23

acccacagca ctcattectg gagctactge ttggttecet gagaggtece agaactctge 60
aaagtgagtc cagcgetgag atttttettg cagatctatce aggatgagca tccaggeccce 120
acccagacte ctggagetgg cagggcagag cctgetgaga gaccaggect tgtccatcte 180
tgccatggag gagctgecca gggtgeteta tcteccacte ttcatggagg ccttecgeag 240
gagacacttc cagactctga cggtgatggt gcaggectgg cecttcacct gectecctet 300
gggatcactyg atgaagacgc ttcatttgga gaccttaaaa gcattgetgyg aagggcttca 360
tatgctgett acacagaagg atcgccccag gaggtggaaa cttcaagtge tggatttgeg 420
ggatgttgat gagaatttct gggccagatg gectggagee tgggecctgt cctgettece 480

agagaccatyg agtaagaggc agacagcaga ggactgtcca aggatgggag agcaccagec 540
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cttaaaggtg ttcatagaca tctgcctcaa ggaaataccc caggatgaat gcctgagata 600
cctetttcag tgggtttace aaaggagagg tttagtacac ctgtgctgta gtaagctggt 660
caattatcta acgccgatta aacatctcag aaagtcattg aaaataatat acctgaatag 720
tattcaacag ctggaaattc gcaacatgtc ctggccacgt ctgataagaa agcttegttg 780
ttacctgaag gagatgaaga atcttcgcaa actcgtttte tccaggtgcc atcattccat 840
gtcagataat gaactcgaag gacggttagt caccaaattc agctctgtgt tcctcagget 900
ggaacacctc cagttgctta aaataaaatt gatcaccttc ttcagtgggc acctggaaca 960

gctgatcagg tgcctceccaga acccecttgga gaacttggaa ttaacttatg gctacctatt 1020
ggaagaagac atgaagtgtc tctcecccagta cccaagcctce ggttacctaa agcatctgaa 1080
tctcagetac gtgctgctgt tecgcatcag tcttgaacce ctcecggagcte tgctagagaa 1140
aattgctgcce tctctcgaaa ccctcatctt ggagggetgt cagatccact actcccaact 1200
cagtgccatc ctgcctggece tgagccactg ctcecccagetce accaccttet actttggcag 1260
aaattgtatg tctatgggtg ccctgaagga cctgttgege cacaccagtg ggctgagcaa 1320
gttaagcctyg gagacgtatc ctgcccctga ggagagtttg aattccttgg ttegtgtega 1380
ttgggagatc ttcgccctac ttecgggctga gctgatgtgt acactgaggg aagtcaggca 1440
gcccaagagg atcttcattg gtecccacccece ctgceccttece tgtggctcat caccgtcetga 1500
ggaactggag ctccatcttt gctgctaggg aaggcgtgec tagcggggta gagaaatcca 1560
aagttctectt ccaggcactg ggacactaaa atctactatg taggtgcaaa ctatttttcet 1620
cttttcttat ttatttcatt ttttaataat tccaaaattt ttattaaaga caatttgaga 1680
cagggtttct ctgtgttgcet ctgggatcct cctgcctcag ctgggcttat gggatcctcece 1740
tgcctcaget tectaaagtg ctgggattac tggcatgagt gactgtgtcce aggccacatg 1800
caacttaaag gaagcacagg gaagtgctca gtgtgaggga aaaaaacata acagcagggg 1860
gcaaggctgg aggaaaatgt tgaggtgaca tcaatgagaa cttcagggac ccgtgtcecta 1920
cagagtcgga aagagaagct aaagttctac agtgatgaga atgttatccce tgcaaggatg 1980
gttaccaagg aatatcagaa ataaagagca cctgaatgaa aacttttaac ctgttgtagce 2040
aatttatcca ccagaaatat ctagttattg agttactgat ggaaaaataa tgaaatacta 2100
ctttgtetgt gattgagttt cagctgtaga acatcaaagc aaccaaatag aatttgatca 2160
tttt 2164
<210> SEQ ID NO 24

<211> LENGTH: 1642

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 24

cctgaageta ctggttggtt cectgagagg tcccagaact ctgcaaagtyg agtccagege 60
tgagattttt cttgcagatc catcaggatg agcatccagg ccccaccgag actactggag 120
ctggegggge agagectget gagagaccag gecttgteca tetetgecat ggaggagetg 180
cccagggtge tctatctece actettecagg gaggecttea gecaggagaca cttcecagact 240
ctgacggtga tggtgcagge ctggecttte acctgectece ctetggtate getgatgaag 300

acgcttcate tggagecatt gaaagcattg ctggaaggge ttcatatget gcettacacag 360
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aaggatcgcc ccaggaggtg gaaacttcaa gtgctggatt tgcgggatgt tgatgagaat 420
ttctgggeca gatggectgg agcctgggec ctgtcectget tcccagaggce catgagtaag 480
aggcagacag cagaggactg tccaaggacg ggagagcacc agcccttaaa ggtgttcata 540
gacatctgce tcaaggaaat accccaggat gaatgcctga gatacctett ccagtgggtt 600
taccaaagga gaggtttagt acacctgtgc tgtagtaagc tggtcaatta tctaacgcca 660
attaaatatc tcagaaagtc attgaaaata atatacatta atagtattgg ggagctggaa 720
attcacaaca cgtgctggcc acatctgata agaaagcttt attgttacct gaaggagatg 780
aagactcttt gcaaactcgt tttctccagg tgccatcatt acacgtcaga taatgaactc 840
gagggatggt tagtcaccag attcacctct gtgttcctca ggctggaaca cctccagttg 900
cttaaaataa aattgatcac cttcttcagt gggcacctgg aacagctgat caggtgecctce 960

cagaacccct tggagaactt ggaattaact tgtggcaacc tattagaaga ggacttgaag 1020
tgtctctece agttcecccaag cctecggttac ctaaagcatc tgaatctcag ctacgtgetg 1080
ctgttcegca tcagtcttga acccctagga gctcectgctag agaaaattgce tgcctcetcete 1140
gagacccteg tgttagaggg ctgtcagatc cactactcec aactcagtgc catcctgect 1200
ggcctgaget gcetgctceccca gctcaccacce ttctactttyg gcagcaattg catgtctatt 1260
gacgccctga aggacctgcet gcegecacacce agtgggetga gcaagttaag cctggagacy 1320
tatcctgece ctgaggagag tttgaattce ttggttegtg tcaattggga gatcttcacce 1380
ccactteggg ctgagctgat gtgtacactg agggaattca ggcagcccaa gaggatctte 1440
attggcccca ccccectgece ttectgtgge tcatcaccegt ctgaggaact ggagctcecat 1500
ctttgctget agggaaggcg tgcccagtgg ggtagagaaa tccaaagttce tettccaggce 1560
acttggacac taaaatctac tatgtaggtg caaactattt ttctctttte ttatttattt 1620
cattttttaa taattccaaa at 1642
<210> SEQ ID NO 25

<211> LENGTH: 4167

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 25

accttegeca tatataccceg gggcgetgeg ctecacctgg cegecgecte cageccagca 60
cctgeggagg gagegetgac catggetecece tggectgaat tgggagatge ccagceccaac 120
ccegataagt acctecgaagg ggccgcaggt cagcagccca ctgeccctga taaaagcaaa 180
gagaccaaca aaacagataa cactgaggca cctgtaacca agattgaact tctgccgtec 240
tactccacgg ctacactgat agatgagccce actgaggtgg atgacccctyg gaacctacce 300
actcttcagg actcggggat caagtggtca gagagagaca ccaaagggaa gattctetgt 360
ttctteccaag ggattgggag attgatttta cttcectcggat ttctcectactt tttegtgtge 420
tcectggata ttcettagtag cgccttecag ctggttggag gaaaaatgge aggacagtte 480
ttcagcaaca gctctattat gtccaaccct ttgttgggge tggtgategyg ggtgetggtyg 540
accgtettgg tgcagagetce cagcacctca acgtccateg ttgtcagecat ggtgtectet 600
tcattgcteca ctgtteggge tgccatcccee attatcatgg gggccaacat tggaacgtca 660

atcaccaaca ctattgttge getcatgeag gtgggagatce ggagtgagtt cagaagagcet 720



US 2016/0160217 Al

77

Jun. 9, 2016

-continued
tttgcaggag ccactgtcca tgacttctte aactggetgt cegtgttggt getcettgece 780
gtggaggtygyg ccacccatta cctcgagatc ataacccage ttatagtgga gagcettccac 840
ttcaagaatg gagaagatgc cccagatctt ctgaaagtca tcactaagcec cttcacaaag 900
ctcattgtee agctggataa aaaagttatc agecaaattyg caatgaacga tgaaaaagcg 960
aaaaacaaga gtcttgtcaa gatttggtgc aaaactttta ccaacaagac ccagattaac 1020
gtcactgttec cctecgactge taactgcacc tccccttceece tetgttggac ggatggcatce 1080
caaaactgga ccatgaagaa tgtgacctac aaggagaaca tcgccaaatyg ccagcatatce 1140
tttgtgaatt tccacctcecc ggatcttgct gtgggcacca tcecttgectcat actctcecectg 1200
ctggtecctet gtggttgect gatcatgatt gtcaagatcce tgggctctgt getcaagggg 1260
caggtcgcca ctgtcatcaa gaagaccatc aacactgatt tcccectttee ctttgcatgg 1320
ttgactggct acctggccat cctegteggg gcaggcatga ccttcatcgt acagagcagce 1380
tctgtgttca cgtcecggectt gaccccectg attggaateg gegtgataac cattgagagg 1440
gettatccac tcacgetggg ctccaacatc ggcaccacca ccaccgecat cctggccgece 1500
ttagccagcce ctggcaatgce attgaggagt tcactccaga tcgccctgtg ccacttttte 1560
ttcaacatct ccggcatctt getgtggtac ccgatccegt tcactcgect geccatccegce 1620
atggccaagg ggctgggcaa catctctgce aagtatcget ggttcgceccecgt cttctacctg 1680
atcatcttet tettectgat cceccgectgacg gtgtttggece tectegetgge cggctggegg 1740
gtgctggttyg gtgtcggggt tccegtegte ttcatcatca tectggtact gtgectecga 1800
ctecctgecagt ctcegetgece acgcgtectg ccgaagaaac tccagaactg gaacttectg 1860
ccgctgtgga tgcgcectceget gaagcecectgg gatgccgteg tcectcecaagtt caccggetgce 1920
ttccagatge getgectgetg ctgctgecge gtgtgctgece gegegtgctg cttgetgtgt 1980
ggctgecceca agtgctgeceg ctgcagcaag tgctgegagg acttggagga ggcgcaggag 2040
gggcaggatg tccctgtcaa ggctcecctgag acctttgata acataaccat tagcagagag 2100
gctcagggtyg aggtccecctge cteggactca aagaccgaat gcacggcctt gtaggggacy 2160
cceccagattg tcagggatgg ggggatggte cttgagtttt gecatgectcte cteectecca 2220
cttctgcacce ctttcaccac ctcgaggaga tttgcteccce attagcgaat gaaattgatg 2280
cagtcctacce taactcgatt ccctttggcet tggtggtagg cctgcagggce acttttatte 2340
caaccccetgg tcactcagta atcttttact ccaggaaggc acaggatggt acctaaagag 2400
aattagagaa tgaacctggc gggacggatg tctaatcctg cgcctagctg ggttggtcag 2460
tagaacctat tttcagactc aaaaaccatc ttcagaaaga aaaggcccag ggaaggaatg 2520
tatgagaggc tctcccagat gaggaagtgt actctctatg actatcaagce tcaggcctcet 2580
ccettttttt aaaccaaagt ctggcaacca agagcagcag ctccatggcce tecttgccce 2640
agatcagcct gggtcagggg acatagtgtce attgtttgga aactgcagac cacaaggtgt 2700
gggtctatcc cacttecctag tgctccccac attccceccate agggcttect cacgtggaca 2760
ggtgtgctag tccaggcagt tcacttgcag tttcecttgte ctcatgettce ggggatggga 2820
gccacgcectyg aactagagtt caggctggat acatgtgctce acctgctget cttgtcttece 2880
taagagacag agagtggggc agatggagga gaagaaagtyg aggaatgagt agcatagcat 2940
tctgccaaaa gggccccaga ttcecttaattt agcaaactaa gaagcccaat tcaaaagcat 3000
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tgtggctaaa gtctaacgct cctctcettgg tcagataaca aaagccctecce ctgttggatce 3060
ttttgaaata aaacgtgcaa gttatccagg ctcgtagect gecatgcectgece accttgaatce 3120
ccagggagta tctgcacctg gaatagctct ccacccctet ctgcectectt actttetgtg 3180
caagatgact tcctgggtta acttccttcet tteccatccac ccacccactg gaatctettt 3240
ccaaacattt ttccattttc ccacagatgg gctttgatta gectgtcecctet ctecatgect 3300
gcaaagctcecc agatttttgg ggaaagctgt acccaactgg actgcccagt gaactgggat 3360
cattaagtac agtcgagcac acgtgtgtgc atgggtcaaa ggggtgtgtt ccttctcatce 3420
ctagatgcct tcectcetgtgece tteccacagce tcectgectga ttacaccact geccccgecce 3480
caccctcecage catcccaatt cttectggcee agtgcgetcecce agecttatet aggaaaggag 3540
gagtgggtgt agccgtgcag caagattggg gcctccccca tceccagettce tccaccatcece 3600
cagcaagtca ggatatcaga cagtcctcce ctgaccctece ceccttgtaga tatcaattcece 3660
caaacagagc caaatactct atatctatag tcacagccect gtacagcatt tttcataagt 3720
tatatagtaa atggtctgca tgatttgtgc ttctagtgct ctcatttgga aatgaggcag 3780
gcttetteta tgaaatgtaa agaaagaaac cactttgtat attttgtaat accacctcetg 3840
tggccatgcece tgccceccgecece actctgtata tatgtaagtt aaacccgggce aggggctgtg 3900
gccgtetttyg tactctggtg atttttaaaa attgaatctt tgtacttgca ttgattgtat 3960
aataattttg agaccaggtc tcgctgtgtt gctcaggetg gtctcaaact cctgagatca 4020
agcaatccge ccacctcage ctcccaaagt getgagatca caggegtgag ccaccaccag 4080
gcctgattgt aatttttttt tttttttttt tactggttat gggaagggag aaataaaatc 4140
atcaaaccca aaaaaaaaaa aaaaaaa 4167
<210> SEQ ID NO 26

<211> LENGTH: 2664

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 26

agagccagcece cggaggagct agaaccttcece cegeatttet ttcagcagece tgagtcagag 60
gegggetgge ctggegtage cgcccagect cgeggetcat gecccgatcet geccgaacct 120
tcteecegggg tcagegecge gecgegecac ceggetgagt cageccggge gggcgagagg 180
ctcteaactyg ggcgggaagyg tgcgggaagg tgcggaaagyg ttegcgaaag ttcegeggcegyg 240

cgggggtegy gtgaggcegca aaaggataaa aagcccgtgg aageggaget gagcagatcce 300

gagceggget ggcetgcagag aaaccgcagyg gagagcectca ctgctgageg ccectegacyg 360
geggagegge agcagectee gtggectcca gecatccgaca agaagcttca gecatgeagg 420
cceccacggga getegeggtg ggcatcgace tgggeaccac ctactegtge gtgggegtgt 480
ttcagcaggyg ccgegtggag atcctggeca acgaccaggg caaccgcace acgcccaget 540
acgtggectt caccgacacce gagceggetgg teggggacge ggccaagage caggeggecce 600
tgaaccccca caacaccgtg ttegatgeca ageggetgat cgggegcaag ttegeggaca 660
ccacggtgca gteggacatg aagcactgge cctteegggt ggtgagegag ggeggcaage 720
ccaaggtgeg cgtatgctac cgeggggagg acaagacgtt ctaccecgag gagatctegt 780

ccatggtget gagcaagatg aaggagacgg ccgaggegta cetgggecag cccegtgaage 840
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acgcagtgat caccgtgccce gectatttca atgactcgeca gcegccaggcec accaaggacg 900
cgggggccat cgeggggctce aacgtgttge ggatcatcaa tgagcccacg gcagctgcca 960

tcgectatgg getggacegg cggggcgcgg gagagcgcaa cgtgctcatt tttgacctgg 1020
gtgggggcac cttcgatgtg tcggttetcet ccattgacge tggtgtecttt gaggtgaaag 1080
ccactgetgg agatacccac ctgggaggag aggacttcga caaccggcetce gtgaaccact 1140
tcatggaaga attccggegg aagcatggga aggacctgag cgggaacaag cgtgecctge 1200
gcaggctgeyg cacagectgt gagegegeca agcgcaccct gtectecage acccaggeca 1260
ccetggagat agactccecetg ttecgagggceg tggacttceta cacgtccatce actecgtgecce 1320
gctttgagga actgtgctca gacctcttece gcagcaccet ggagcecggtg gagaaggcecce 1380
tgcgggatge caagctggac aaggcccaga ttcatgacgt cgtcectggtg gggggctceca 1440
ctcgcatccece caaggtgcag aagttgctgce aggacttcett caacggcaag gagctgaaca 1500
agagcatcaa ccctgatgag getgtggect atggggetge tgtgcaggeg gecgtgttga 1560
tgggggacaa atgtgagaaa gtgcaggatc tcctgctget ggatgtgget cccctgtcete 1620
tggggctgga gacagcaggt ggggtgatga ccacgctgat ccagaggaac gccactatce 1680
ccaccaagca gacccagact ttcaccacct actcggacaa ccagcctggg gtecttcatce 1740
aggtgtatga gggtgagagg gccatgacca aggacaacaa cctgctgggg cgttttgaac 1800
tcagtggcat ccctectgece ccacgtggag tcccccagat agaggtgacce tttgacattg 1860
atgctaatgg catcctgagce gtgacageca ctgacaggag cacaggtaag gctaacaaga 1920
tcaccatcac caatgacaag ggccggctga gcaaggagga ggtggagagyg atggttcatg 1980
aagccgagca gtacaaggct gaggatgagg cccagaggga cagagtgget gccaaaaact 2040
cgctggaggce ccatgtctte catgtgaaag gttcectttgca agaggaaagce cttagggaca 2100
agattcccga agaggacagg cgcaaaatgce aagacaagtyg tcegggaagtce cttgectgge 2160
tggagcacaa ccagctggca gagaaggagg agtatgagca tcagaagagyg gagctggage 2220
aaatctgtcg ccccatctte tecaggectcet atggggggcce tggtgtccet gggggcagca 2280
gttgtggcac tcaagcccge cagggggacce ccagcaccgg cceccatcatt gaggaggttg 2340
attgaatggc ccttecgtgat aagtcagctg tgactgtcag ggctatgcta tgggecttcet 2400
agactgtctt ctatgatcct geccttcaga gatgaacttt ccctccaaag ctagaacttt 2460
cttcccagga taactgaagt cttttgactt tttgggggga gggcggttca tectcecttcetg 2520
cttcaaataa aaagtcatta atttattaaa acttgtgtgg cactttaaca ttgctttcac 2580
ctatattttg tgtactttgt tacttgcatg tatgaatttt gttatgtaaa atatagttat 2640
agacctaaat aaaaaaaaaa aaaa 2664
<210> SEQ ID NO 27

<211> LENGTH: 2163

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 27

ctaatcttee agttgeccce tattgacttt aaaccaaage tttgattcat gaccactggg 60

atccagccag cgggggattt cttttectga tggactgtac ccaggatcte acatttgett 120

aagcagctcce cacaattggg ttcttataaa aggacacgga agagacaagce tcagttttet 180
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ctgaaggaga aggactgcac ttagaactgc attttggcga cctctgaaat tcagtactgce 240
agtgaatgag cttctgatct tgaggtgaac ttaacaaaat tatttttgga aaaatcgttg 300
tgggaaccat taaaagaact ccaggaaaca tgaattctgg aatcttacag gtctttcagg 360
gggaactcat ctgccccctyg tgcatgaact acttcataga ccecggtcacc atagactgtg 420
ggcacagctt ttgcaggect tgtttctacc tcaactggca agacatccca tttettgtec 480
agtgctctga atgcacaaag tcaaccgagc agataaacct caaaaccaac attcatttga 540
agaagatggc ttctcttgcce agaaaagtca gtctctgget attcctgage tctgaggagce 600
aaatgtgtgg cactcacagg gagacaaaga agatattctg tgaagtggac aggagcctgc 660
tctgtttget gtgctccage tctcaggage accggtatca cagacaccgt cccattgagt 720
gggctgctga ggaacaccgg gagaagcttt tacagaaaat gcagtctttg tgggaaaaag 780
cttgtgaaaa tcacagaaac ctgaatgtgg aaaccaccag aaccagatgc tggaaggatt 840
atgtgaattt aaggctagaa gcaattagag ctgagtatca gaagatgcct gcatttcatc 900
atgaagaaga aaaacataat ttggagatgc tgaaaaagaa ggggaaagaa atttttcatc 960

gacttcattt aagtaaagcc aaaatggctc ataggatgga gattttaaga ggaatgtatg 1020
aggagctgaa cgaaatgtgc cataaaccag atgtggagct acttcaggct tttggagaca 1080
tattacacag gagtgagtcc gtgctgctge acatgcccca gectctgaat ccagagctca 1140
gtgcagggcc catcactgga ctgagggaca ggctcaacca attccgagtg catattactce 1200
tgcatcatga agaagccaac aatgatatct ttctgtatga aattttgaga agcatgtgta 1260
ttggatgtga ccatcaagat gtaccctatt tcactgcaac acctagaagt tttcttgcat 1320
ggggtgttca gactttcacc tcgggcaaat attactggga ggtccatgta ggggactcect 1380
ggaattgggc ttttggtgtc tgtaatatgt atcggaaaga gaagaatcag aatgagaaga 1440
tagatggaaa ggcgggactc tttcecttettg ggtgtgttaa gaatgacatt caatgcagtce 1500
tctttaccac ctccccactt atgctgcaat atatcccaaa acctaccagce cgagtaggat 1560
tattcctgga ttgtgaggct aagactgtga gctttgttga tgttaatcaa agctccctaa 1620
tatacaccat ccctaattge tetttcectcac ctectctecag gectatcttt tgectgtatte 1680
acttctgacc agagacaaat cagaaatgtg ttcacatgct gtgggaaccce ctttatccca 1740
ggaagtccte ttecttgtge cttaacatac aggacaaata ggctctattt tatgtcttga 1800
attgccttcect aatgttatca aaactcattt attgtgttac tattaaatat gctgaaaacg 1860
ctaaaagtat acgtattggt tctttattaa ataatttttg aaaaatcatt attcatgatc 1920
atggcataca gtatattctc ttttttttct ttatttatga ctgtcactga gtgaaataat 1980
agatgacaga catgtctgaa tgaagtaaaa atcaatggaa gacagtcggg atcttttgcet 2040
tcatgcaaaa aacttggagt gaagtctcaa tgataactgg gaaatgtttt tecttcctcett 2100
tatctaacta tattacactt atccatcagg tttcattgta ttaatctatc ctttgaggta 2160

ata 2163

<210> SEQ ID NO 28

<211> LENGTH: 2160

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 28
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acccacagca ctcattcctg aagctactgg ttggttccecct gagaggtcce agaactctgce 60
gaagtgagtc cagcgctgag attttccttg cagatctatc aggatgagca tccaggcccc 120
acccagacta ctggagctgg cagggcagag cctgctgaga gaccaggcct tgtccatcte 180
tgccatggag gagctgccca gggtgctcta tctcccacte ttcatggagg ccttcageag 240
gagacacttc cagactctga cggtgatggt tcaggcctgg cccttcacct gectcectet 300
gggatcactg atgaagacgc ttcatttgga gaccttaaaa gcattgctgg aagggcttca 360
tatgectgett acacagaagg atcgccccag gaggtggaaa cttcaagtgce tggatttgeg 420
ggatgttgac gagaatttct gggccagatg gecctggagece tgggccctgt cctgcttcecc 480
agagaccacg agtaagaggc agacagcaga ggactgtcca aggatgggag agcaccagcc 540
cttaaaggtg ttcatagaca tctgcctcaa ggaaataccc caggatgaat gcctgagata 600
cctettecag tgggtttace aaaggagagg tttagtacac ctgtgctgta gtaagcetggt 660
caattatcta acgccgatta aatatctcag aaagtcattg aaaataatat acctgaatag 720
tattcaagag ctggaaattc gcaacatgtc ctggccacgt ctgataagaa agcttegttg 780
ttacctgaag gagatgaaga atcttcgcaa actcgtttte tccaggtgcc atcattacac 840
gtcagataat gaactccaag gacggttagt tgccaaattc agctctgtgt tcctcagget 900
ggaacacctt cagttgctta aaataaaatt gatcaccttc ttcagtgggc acctggaaca 960

gctgatcagg tgcctceccaga acccecttgga gaacttggaa ttaacttatg gctacctatt 1020
ggaagaagac atgaagtgtc tctcecccagta cccaagcctce ggttacctaa agcatctgaa 1080
tctcagetac gtgctgctgt tecgcatcag tcttgaacce ctcecggagcte tgctggagaa 1140
aattgctgcce tctctcaaaa ccctcatctt ggagggetgt cagatccact actcccaact 1200
cagtgccatc ctgcctgeece tgagcecceggtg ctecccagete accaccttet actttggecag 1260
aaattgcatg tctattgacg ccctgaagga cctgctgege cacaccagtg ggctgagcaa 1320
gttaagcctyg gagacgtatc ctgcccctga ggagagtttg aattccttgg ttegtgtceaa 1380
ttgggagatc ttcaccccac ttcgggctga gctgatgtgt acactgaggg aagtcaggca 1440
gcccaagagg atcttcattg gccccacccee ctgceccttece tgtggctcat caccgtcetga 1500
ggaactggag ctccatcttt gctgctaggg aaggcgtgcec cagtggggta gagaaatcca 1560
aagttctectt ccaggcactt ggacactaaa atctactatg tgggtgcaaa ctatttttct 1620
cttttcttat ttatttcatt ttttaataat tccaaaattt ttattaaaga caatttgaga 1680
cagggtttcg ctgtgttgcet ccagctggtce tcaaactget gggcttatgg gatcctectg 1740
cctcagette ctaaagtgct gggattactg gcatgagtga ctgtgtccag gccacatgca 1800
acttaaagga agcacaggca agtgttcagt gtgagggaaa aaacataaca gcagggggca 1860
aggttggagg aaaatgttga ggtgacatca gtgagaactt cagggacccg tgtcctagag 1920
tcggaaagag aagctaaagt tctacagtga tgagactgtt atccctgcaa ggatggttac 1980
caaggaatat cagcaataaa gagcacctga atgaaaactt ttaacctgtt gtgcaattta 2040
tccatcagaa atctctagtt atcgagttac ggatggaaaa ataacgaaat actaatttgt 2100

ctgtgattga gtttcagttyg tagaacatca aagcaaccaa ataaaaatta gatcattttg 2160

<210> SEQ ID NO 29
<211> LENGTH: 5937
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<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 29
tgcaggtaac aagggcaaca gcctgagcat ctcagagecce agaggcagag cgttagccga 60
ttgcttccag catcatctgg ggcacagtgg ggtettggtt cctcaatggyg cctgagtgga 120
tctaactctyg cgaagttaga tcccaacage catcacagtt tgcagacaat gtcattaaga 180
ccatccagat aacttcctaa ctccagtttt gtgcccacca agcatcctte tgatttcaaa 240
ttggectege atgccatgtyg caactgggag agagtgtgtyg gacagaaatyg gggccaattg 300
actatttcce ttggetgtca tatttttcat taataaacta actctccage cacaaataca 360
cactcagaat gcctcttget actccagatce ctecattcac tgtgaaggca atcatgggga 420
ttatgaattc catctcccag gtgtggatta aactgcatge caggggaggt ttcetgtggtt 480
ccaatctace ccgcttagta catcaggget caacaggatce aggtcaaagce tggaaggatce 540
ctgagagcce acagaaataa tgactcctgt getgaggtte acaggagtag cactggggte 600
tgtgaattct tggcaaaaat tcagaaaacc taagggaatc catgcattag ctgataatga 660
ggccatacag actaactaaa gcatcagcca cctcattaaa ctgggaagcet taatactgtt 720
tttattgcac aatcatttct aaatgtcttt tattaataaa attggggaaa tgaatttgtt 780
attctttaat aagtgcagtg tgtttagetg acaaaatttt tacaaagatg gggatcaatg 840
ggttgcaaga atactaaaag atgttcttgt tctgcagggt tggaagcccc taagccacca 900
tgcactacce atcattttac aaaagaagga gaaactgagyg aacaaagaaa cacatatttt 960

ccetcaaget tcagattceccece tttaaactct taggatatcce cataacccce tgtagcttat 1020
ggcagctaga ttcatgacag acaatctctc tagagtcaat ttggtttttc tcttaactca 1080
ctcaagcctce tgggaatgaa aggtctagcce cttgaaggct acttttggta gaagacgagg 1140
ttcagtatta aaaaggagga cagaggatgg aaaagaacac aactacatca atagtttctc 1200
cacattattt gatgttcaga acagtcccat gaagaagata taatattccc tttctacaga 1260
ccaaaaaatt aatatttgga gaggtagaaa gaccacccaa gggaacacat atttagacgg 1320
aaagcccagt tctgtctagt gtttaagtce tggcccattce agctactctg ctectgtaact 1380
atcacccatt tcagcaccgc ggacagaggc agagccctca gtcttceccecctg taggtgggat 1440
ggaggcagag ggtggtaaga tgggtgctaa gtcccaggga agatatgtat ccaccaaagt 1500
gcctgaatga tgagagggaa gtcagagcta aggaaggaca catcatggac atctctttac 1560
atgtgtatca aattgcgttc tgtttagaac cattttctag cctceccacca aggacgtaaa 1620
caggacaagc actgtcatct gtaaagtgcc actcccagac tgccacccag agttcataaa 1680
aggctcagat gaatcaatag gtgggaaagt tatctggaat ttataaaaat tcactgttaa 1740
ggagacgact atcacagaca aaccccaaaa tcagcggttt aacacaatag acatttttte 1800
tgacttgtgt aaagccccag acagggatcg ctgcctgtca aaaggcctga ctggcacttg 1860
tcttgaggca cactctggtyg cccaggeccce ttgectecttg ttgctcectgece acctcectgaag 1920
tggcttctaa ggtcactgta tttatctgtg tcaagacaga ggaaaaaatc atgaataaat 1980
aaacccaggg agatttgtat gagccaagcc tgaaattggce acacatcact ttggctcata 2040
cgtggaggac tgggagtgca gaaagatgag gaaatgggte ttactgaaca cagaaccaca 2100

gaactctgte tcecctectcet ccaaagcetga gaaattgcca caatcagaaa gtgtgattcece 2160
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catctgagag tttaagagca ggaatagatt aaagacaaat catgtaaaat accttgactc 2220
ctagacttgc cgaagcattc agcctgagcce atctttacat gtggataatc ttggatttce 2280
caactgggct tcttgcacac tccatggtag aacgtcagag gaaatttttt tcaagcaaga 2340
gctgttagat catgagattc cccagaaaga tacagataca ggtatatgtc atattactgg 2400
agattctaat tcagctacct tcacaggcct gggaatgtgt ttttgacaca ggggcattag 2460
gattgtttca gctgcaagtg acagaagtct agctcacacg gtcttaagca agaaaggaaa 2520
tgtattgatt cctataagtg caccaggatc tagatacact gtcaggcaca gctggatgca 2580
gactccaaca gtctcattgg gatacccacc ctctectceee atctctgacce atcccaggtyg 2640
gctecectteca tgggtcaaag tggccaccag aagctccaga tacatctttt tatcaacage 2700
cccaggagaa cttctcttte tcagtaaaat cccacaaggt attttttgge actaattgtce 2760
ttggcttggt cccattctta tceccctgaace aaccactgtg accaaaaacg tggtattctce 2820
tgattatcca agcctgattc acgagcccac ccatgagtct gatatgaggt ccagtccata 2880
caatctacac aagctaggtc tggggcatgg tggtgcccca aggacagctg gggtgccttt 2940
cctagaagaa agggggcagg gaatgggtge tggaccagea tcagcagcag aattcttagg 3000
cactagactg tggggggctc agagaggcat gggagccctyg aggtccccac aaggtgtggg 3060
atagtctttc agaccttcag ggggggtcte tgctcactaa cctgctcaaa gcaccctggce 3120
ccacaccgtg ggcagctgga aggtgccagt ccactgaaca tgtgtgattg gcatgaatct 3180
cctgctttee tttgtcagaa ggctaggagt ggatttgacc cgtttactca gaccctctca 3240
gtggccctyge tceccacagge tcaccccage agggceccagt gettggetge caatgacgece 3300
aaggatatta gctgacagtg acttaaaaca ggggttcatg acctcagggt aaccgaggaa 3360
ccectgaate tgaattcatce agtctgtgta tatgaatgtg agtgcctcte ctttcecccac 3420
aggaaaaaat ctacaacttt catcaaatta ctcagggaga ctttattcta aagagactga 3480
aaacgaccaa catcaatttt gactcctatg ggcatctgta aatagcttca aggttttaag 3540
gtgaaatgtc atgtaccaaa atacacattc tggagaagca ggaagctaca gaccaacttg 3600
agatgaaagt ctcatatcaa tgttttccca agtgtgctcce ttggaataca ggttgacatg 3660
atatgatgcc cagcaaggga aacaaaacat attcatgttc aaattagttg gggaaatgct 3720
ggactaaata aggtttgatg ggattctttt ttctgcagga cttctcagaa ggggctagag 3780
taggcaaagt ttcccagatt tacctaataa aagcattgtt tctgtgggag tttcatttgt 3840
tattacatgt ttcctgaatg cagattcata gactatcctt tggggaaccce tcgtcctcac 3900
gggatgtatg ttcatggtgg tgtcttcgag tttgtgccet tgtgaagcat tctggcagca 3960
agcgtctgaa cacttccaaa agggggcgat atttaggaga aatcgctcag cctgaattag 4020
aacaaatgca gctgctggtg tetettggtg cctgggagece ctagagtgte agagggagga 4080
gcgtgcacac tggaaccagce agectggtge tgcgtcectcag ctetgteget aactggcetat 4140
gcacctctgg gcatggcact taacccttcect gagccccage ccgccatctg taaaaagggce 4200
ttgatgtgag gattgaatga gatcatgcag ggaacacaat gtctggcact tggaagcgtc 4260
caccataaag agccaaggca gtagatggcc cagcectgggtt tgttccaggce agagtttacc 4320
ctectgecectg gaggctccag gaaatgctge cacgtggcetce ctattgectt aaccacatcce 4380

gacctgttee tgacagctce ccacatctcecce agctecctttg ctggtgctcece aggcacctece 4440
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aaacgtggcg agccectete cectgcecte ttgtggcage tgacctggca ggagtgggac 4500
caagacatcc aaggcagctc ctttccacct gcatgggcac tttcectcagg acatccttgce 4560
ccetggcecace accttgggec agcaagccac atggaaatgg atgcagaggce accactgttt 4620
gctgacaatt atacactgtc cttaaggtca cccttggcga tcectgtcacca ggagcagaca 4680
aacccacacc tcaaccatcc catcagagct tgtttctatc tgcatctgte atcgctgatce 4740
gcatttgaat gggtttagtc tctattttaa ataaaagatt tatgccttag ctgtcagagce 4800
ctgcctttat ttgaaaattt aatcttgttt ctaggagtct agattaactt attagattta 4860
ggcgtcecte gtgggtcectcet gagagaggag gagtagattce tcectccectge atteggecect 4920
gcacacccga cagtgagage caagagcetgg atgggettet ccatccagca cgeccagget 4980
ggacagaggc ccccaactca ggcaactttg tcgggtaacc gtgtgtccag ggagtgettt 5040
cttgcacgct cecgtectcecegg gecagettcee aggacctgtg ctcactgcaa gggacaccca 5100
tcgageegge cctttcectecag aggttttggg gaggcttcag gaaggaccece cagtgggggce 5160
ccagcttgtce aacatgggct gtgccaagga gttcectgagtt tecttcaggt ctgtattgta 5220
tcttecacce cectcagaget cectcecectac tgcttagacce acacgaagcet gtggggetgt 5280
gggcagccag ttcacttcce tgaccttgte tgcaggtgga gacagtggca gtgcccctcece 5340
cgggctgetg cgtcactcag tgtaaaagca gggaggcact ggagagctgce tgtctgcaag 5400
tttgttgcta cttcaaaagg tgcaggtggg ccctcaccte ctttagaggt gaggatgagce 5460
tacccaaagt gaaaaggagc ttctcagegt cgcaatggag tcacggccag gctgeccaca 5520
ccagccegtece ggacctgcac cagtgccacg gggtctgecce catcttctet tecctcetect 5580
tceectetee ctetetectee ctgtetettt ctectectete catgctattg actgaatgtt 5640
tgaattccct gcaaatgcat tcectaaccce caatgtgact gtgtttggag acagggtcett 5700
taggaggtaa ctgaggttaa atgaggttgt aaagatgggg ccctgaaccg atgggactgg 5760
ggtecttatyg agaagaggaa aaggggtccce tccccatgga gggacgacca cagcgaggcea 5820
gcagccgeee acacgccaga gaaggggact cagagggaag ccttgcttca ceggcacctt 5880
gatcttgact cctagcctcee agaattgtga taaataaatt tetgttgett aagcecce 5937
<210> SEQ ID NO 30

<211> LENGTH: 2364

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 30

ctgctgaaaa agcagaaaga gattaccage cacagacggg tcatgagege ggtattactg 60
ctggeectee tggggttecat ccteccactyg ccaggagtge aggegetget ctgccagttt 120
gggacagttc agcatgtgtg gaaggtgtce gacctgecce ggcaatggac ccctaagaac 180
accagctgeg acagceggett ggggtgecag gacacgttga tgctcattga gageggaccce 240
caagtgagce tggtgetete caagggetge acggaggeca aggaccagga gcecccegegte 300
actgagcacce ggatgggece cggectctee ctgatctect acaccttegt gtgccgecag 360
gaggacttct gcaacaacct cgttaactce ctecegettt gggecccaca geccccagea 420
gacccaggat ccttgaggtg cccagtctge ttgtctatgg aaggetgtet ggaggggaca 480

acagaagaga tctgccccaa ggggaccaca cactgttatg atggectect caggetcagg 540
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ggaggaggca tcttctccaa tctgagagtc cagggatgca tgccccagec agtttgcaac 600
ctgctcaatg ggacacagga aattgggccc gtgggtatga ctgagaactg cgatatgaaa 660
gattttctga cctgtcatcg ggggaccacc attatgacac acggaaactt ggctcaagaa 720
cccactgatt ggaccacatc gaataccgag atgtgcgagg tggggcaggt gtgtcaggag 780
acgctgctge tcctagatgt aggactcaca tcaaccctgg tggggacaaa aggctgcagce 840
actgttgggg ctcaaaattc ccagaagacc accatccact cagcccctcece tggggtgett 900
gtggcctect atacccactt ctgctccteg gacctgtgca atagtgccag cagcagcagce 960

gttctgctga actccctcece tectcaaget geccctgtec caggagaccg gcagtgtect 1020
acctgtgtge agcceccttgg aacctgttca agtggctcece ceccgaatgac ctgccccagg 1080
ggcgccacte attgttatga tgggtacatt catctctcag gaggtgggct gtccaccaaa 1140
atgagcattc agggctgcgt ggcccaacct tccagcttet tgttgaacca caccagacaa 1200
atcgggatct tctcetgcgeg tgagaagcegt gatgtgcage ctcectgecte tcagcatgag 1260
ggaggtgggg ctgagggcct ggagtctcecte acttgggggg tggggctggce actggcccca 1320
gcgetgtggt ggggagtggt ttgcccttece tgctaactcet attaccccca cgattcttcea 1380
ccgctgetga ccacccacac tcaacctcecce tctgacctca taacctaatg gecttggaca 1440
ccagattctt tcccattectg tcecatgaatc atcttcecccca cacacaatca ttcatatcta 1500
ctcacctaac agcaacactg gggagagcect ggagcatceg gacttgcecect atgggagagg 1560
ggacgctgga ggagtggctg catgtatctg ataatacaga ccctgtecctt tcteccagtyg 1620
ctgggatttc tccatgtgag ggggcagcag gacacccagg gatctagcgt gggggaggag 1680
aggagcctaa tgagaaaatg accatctaaa gcctgccectt cattggtctg gttcacgtcet 1740
ccaaaccagc ttggatggta gcagagactt cagggtgctc cagccaaacg tatttgggca 1800
tcaccatgac ctgggagggg aagatgcact gagacgtatg aggcttccag cctagcagcce 1860
agggccctag cacaaacagg aggctcgecce catctgagea actgcaggag aggttagtac 1920
agtcatgcat tgcttaacga cagggacgtg tcgttagaaa tgtgtcgtta ggtgatttta 1980
tgaccatagg aacattgtag cgtgcactta caccaaccca gatggtacag cccaatacac 2040
acccaggatg gacgctagag tcgactgctce ctaggctaca agcctgcagt gcatgttatg 2100
gtgtgaatac tgcaggcaat cttaacacca cggcaagtat ttgtgcatct acacacatct 2160
aaacatagaa aaggtacagc ataaatacac tattgtcatc tcagcagacc accgttctat 2220
acgcaattcg tcgctgaccce aaacgttgct atgtagcatc tgcgtatcgt gggataattg 2280
acatgagggc ttgagagaac tccagaaaaa aatgggttag cattttccca gagctgttat 2340
cattgggtct ctcttaccac cata 2364
<210> SEQ ID NO 31

<211> LENGTH: 1189

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 31

atgecgcagac cgaggcaggg aggcegggggt gcegggagget ccgeggetge gegggegegt 60

getggtggee teggeggagg ctcagtcceg geccgegeoe goeggegecooe cgetgeggec 120

cgageggect ggctgeggga tetgtgegea cggatggege ggeegececeg gcagcaccceg 180
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ggggtetggyg cgtegetget cetgetgeta ctgacgggge cegecgectyg cgecagecage 240

ceccgeggacg acggtgceggg ccecggggggce cggggaccee ggggacgcege geggggggac 300

acgggcgeceg acgaggeggt gecgcegecac gactectect acggcacctt cgcgggggag 360
ttctacgace tgcgctacct gtcggaggag ggttaccect tcecectactge tectectgtyg 420
gatccatttyg ccaaaatcaa agtggacgac tgtggaaaaa ctaagggatg ctttagatat 480
ggcaaaccag gctgtaatge agagacctgt gactatttce tcagctaccyg gatgataggg 540
gctgatgtag aatttgaget gagtgcagac acagatggtt gggtagcagt tggattctet 600
tcagacaaga aaatgggtgg tgatgatgtc atggecctgeg tccatgatga caatggcagg 660
gtececgecatac agcacttcta taatgtaggce cagtgggcaa aggagattca gagaaaccct 720
gccagagatyg aagaaggagt ttttgagaac aatcgegtca cctgcagatt taaacgccect 780
gtgaatgttc ccagagatga aacaattgtt gatctgcatt tgagttggta ttatctgttt 840
gettggggte cagecattca gggctctatce actcgacatg atatagactc accgeccgget 900
tcagagcgtyg ttgtcagtat ttacaagtat gaagacattt ttatgccatc agctgectat 960

caaaccttct catctccatt ttgtttgett ctgattgttg ctctgacctt ctacctattg 1020
atgggaaccc cctaaccaca gctgcagggce caacagatta catggattgg gaagtcttta 1080
gtataaatat attttttaaa gaatatccag tataatttta gcttcaatta tttaagaaaa 1140
aaaacctcat ataatttcag ctttttggaa gaaagaacaa gcttctttt 1189
<210> SEQ ID NO 32

<211> LENGTH: 1272

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 32

gcaaaaccgt gagctggatt tataatcgece ctataaaget ccagaggegyg tcaggcacct 60
gcagaggagce cccgecgete cgcecgactag ctgccccege gagcaacgge ctegtgattt 120
ccecegecgat ceggtecceg cctecccact ctgecceege ctaccecgga gecgtgcage 180
cgecteteeg aatctetete ttetectgge getegegtge gagagggaac tagcgagaac 240

gaggaagcag ctggaggtga cgccgggcag attacgectg tcagggccga gecgagegga 300

tegetgggeg ctgtgcagag gaaaggeggg agtgecegge tegetgtege agagecgagg 360

tggcectgttt ctgcgecgga ccagtcegagg actctggaca gtagaggece cgggacgacce 420
gagctgatgg cgtcttegac cccatctteg tcegcaacct cctegaacge gggageggac 480
cccaatacca ctaacctgeg cceccacaacg tacgataccet ggtgeggegt ggeccatgga 540
tgcaccagaa aactggggcet caagatctge ggettcttge aaaggaccaa cagcectggaa 600
gagaagagtc gccttgtgag tgccttcaag gagaggcaat cctccaagaa cctgetttec 660
tgtgaaaaca gcgaccggga tgcccgette cggegcacag agactgactt ctctaatctg 720
tttgctagag atctgettee ggctaagaac ggtgaggage aaaccgtgca attcctectg 780
gaagtggtgg acatactcct caactatgtce cgcaagacat ttgatcgete caccaaggtg 840
ctggacttte atcacccaca ccagttgetg gaaggcatgg agggcttcaa cttggagete 900
tctgaccace ccgagtecct ggagcagate ctggttgact gecagagacac cttgaagtat 960

ggggttcgca caggtcatce tcgatttttc aaccagctcet ccactggatt ggatattatt 1020
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ggectagety gagaatgget gacatcaacg gccaatacca acatgccatc agacatgagg 1080
gagtgttggt tgctacggtg atggggctca gagcagaacc aaagcatgat tgtgacctcce 1140
agaggtgatg gtaactgcac acatggtttc caagggtcectt cctcectaaat ttceccaggggce 1200
ctcccaagga aaatggacat attctttttg gaaataaaat acttctacca acataaaaaa 1260
aaaaaaaaaa aa 1272
<210> SEQ ID NO 33

<211> LENGTH: 2621

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 33

ccttttttgg cctegacgge ggcaacccag cctcectect aacgcectee gectttggga 60
ccaaccaggg gagctcaagt tagtagcage caaggagagg cgctgecttyg ccaagactaa 120
aaagggaggyg gagaagagag gaaaaaagca agaatcccece accectctee cgggeggagg 180
gggcgggaag agegegtect ggccaagecg agtagtgtet tccacteggt gegtetetet 240

aggagccgeg cgggaaggat getggteege aggggegege gegeagggee caggatgecg 300

cggggetgga ccgegetttyg cttgetgagt ttgetgectt ctgggtteat gagtcettgac 360
aacaacggta ctgctaccce agagttacct acccagggaa cattttcaaa tgtttctaca 420
aatgtatcct accaagaaac tacaacacct agtacccttg gaagtaccag cctgcaccct 480
gtgtctcaac atggcaatga ggccacaaca aacatcacag aaacgacagt caaattcaca 540
tctacctetyg tgataaccte agtttatgga aacacaaact cttetgteca gtcacagacce 600
tctgtaatca gcacagtgtt caccacccca gecaacgttt caactccaga gacaaccttg 660
aagcctagece tgtcacctgg aaatgtttca gacctttcaa ccactagcac tagecttgca 720
acatctccca ctaaacccta tacatcatct tctectatece taagtgacat caaggcagaa 780
atcaaatgtt caggcatcag agaagtgaaa ttgactcagg gecatctgect ggagcaaaat 840
aagacctcca gctgtgegga gtttaagaag gacaggggag agggectgge ccgagtgetg 900
tgtggggagyg agcaggctga tgctgatget ggggeccagg tatgetcect getccttgece 960

cagtctgagg tgaggcctca gtgtctactg ctggtcttgg ccaacagaac agaaatttcce 1020
agcaaactcc aacttatgaa aaagcaccaa tctgacctga aaaagctggg gatcctagat 1080
ttcactgagc aagatgttgc aagccaccag agctattceccce aaaagaccct gattgcactg 1140
gtcacctegg gagccctgcet ggetgtettg ggcatcactg gcectatttect gatgaatcege 1200
cgcagetgga gccccacagg agaaaggcetg ggcgaagacce cttattacac ggaaaacggt 1260
ggaggccagyg gctatagcete aggacctggg acctcecectyg aggctcaggg aaaggccagt 1320
gtgaaccgag gggctcagga aaacgggacce ggccaggceca cctccagaaa cggcecattca 1380
gcaagacaac acgtggtggc tgataccgaa ttgtgactcg gctaggtggg gcaaggctgg 1440
gcagtgtceeg agagagcacce cctcetctgeca tcectgaccacg tgctacccecce atgetggagyg 1500
tgacatctct tacgcccaac ccttccccac tgcacacacce tcagaggctg ttettggggce 1560
cctacacctt gaggaggggc aggtaaactc ctgtceccttta cacattcgge tccctggagce 1620
cagactctgg tcttectttgg gtaaacgtgt gacgggggaa agccaaggtce tggagaagct 1680

cccaggaaca atcgatggece ttgcageact cacacaggac ceccttceece taccccctece 1740
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tctetgecge aatacaggaa cccccagggg aaagatgagce ttttctagge tacaatttte 1800
tceccaggaag ctttgatttt taccgtttcet tcecctgtatt ttcetttcectet actttgagga 1860
aaccaaagta accttttgca cctgctctct tgtaatgata tagccagaaa aacgtgttgce 1920
cttgaaccac ttccctcate tectecteccaa gacactgtgg acttggtcac cagctcectcece 1980
cttgttetect aagttccact gagctceccatg tgccccectet accatttgca gagtcectgcea 2040
cagttttctg gectggagect agaacaggcce tcccaagttt taggacaaac agctcagttce 2100
tagtctectct ggggccacac agaaactctt tttgggetce tttttectceece tetggatcaa 2160
agtaggcagg accatgggac caggtcttgg agctgagect ctcacctgta ctcecttcecgaa 2220
aaatcctett cctcectgagge tggatcctag ccttatcecte tgatctccat ggcttectcece 2280
tcectectge cgactcecctgg gttgagetgt tgcctcagte ccccaacaga tgcttttetg 2340
tctetgecte cectcaccetyg agecccecttee ttgcectcectgeca ceccccatatg gtcatagece 2400
agatcagctc ctaaccctta tcaccagctg cctettetgt gggtgaccca ggtcecttgtt 2460
tgctgttgat ttctttccag aggggttgag cagggatcct ggtttcaatg acggttggaa 2520
atagaaattt ccagagaaga gagtattggg tagatatttt ttctgaatac aaagtgatgt 2580
gtttaaatac tgcaattaaa gtgatactga aacacaaaaa a 2621
<210> SEQ ID NO 34

<211> LENGTH: 1816

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 34

ggcgaccacg gtgtcttcaa aagcccegte agggttgget tectggggec ggaccgactg 60
tgggtcagtt tgcaccageg ctectggaate gagttacgeg cgaaagggca gagtttetgg 120
aggaaaccgce agcctctcaa cegetgaceg ggtctcagaa ggcccecgge agggecgett 180
ggcgggaact gaccacgcge cagtcaggcet ctccagggac ctgegcagge gegtgtggge 240

ggagtcgtge gcagggggcg gggctteggg aaggagccac agagagggeg gggcgtagga 300
cctgegette gggggtggag teggagegge geggeggegg tcatgeggga cgeggatgea 360

gacgcaggeg gaggcgcetga cggcggggat ggcecggggtyg gccacagcetg ccgegggggce 420

gtggacacag ccgcagctee ggceeggtgga gctcccccag cgcacgegeco aggteeggge 480
agagacgcceg cgtctgegge cagggggtca cgaatgegge cgcacatatt caccctcage 540
gtgcctttee cgacccectt ggaggcggaa atcgeccatg ggtccctgge accagatgec 600
gagccccace aaagggtggt tgggaaggat ctcacagtga gtggcaggat cctggtegte 660
cgctggaaag ctgaagactg tegectgete cgaattteeg tcatcaactt tcettgaccag 720
ctttecectgg tggtgeggac catgcagege tttgggecee cegttteecg ctaagectgg 780
cctgggcaaa tggagegagg tceccactttg cgtetecttg taggcagtge gtcecatcctt 840
cectagggea ggaattccca cagttgetac tttectggga gggectcatg ttttatcetgg 900
ttcttaaatg tttgttacta cagaaaataa aactgcgcta ctattccaag tctgagttta 960

tttgcagctg gggcacctece caatattctt gttgtgettg ggttgectggg ggggggttcet 1020

agaattcaga tattcaagga gtacaaggaa attgaagaca atttaggaaa tggaagaaaa 1080

tgaaaatcaa ttgggttctg tcattcagga ttaactactg tcaacatttt ggaatacttc 1140
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ctcagtttta cagttgcact tacatagtaa atgtgtaact gtaatataca ccacataata 1200
tttgcaagtt tagtgttaaa tttttttcct gatttttaaa tctaacatga gettttttcee 1260
tctaacgatc agtgaagaaa gtgctggggc aattgactag tgtctggggce aaggagttgg 1320
ctccctggaa aatacagtgt cteccagectt agggctcettt tatagattct atcagatttt 1380
ctgagagtga aaaggaagag dtacaactgc ttttattctc agaaaacaag gaaatggttt 1440
gatccttttg agtcttgett tgaagatgtg ctgtgtggga ccagagcagc tcttaactgt 1500
aggcttgttt ccctctatgg aggcaacaaa caccattcectg ggcaccctgg ccagtgctgce 1560
ctaggtgaac atgagcttct ctatcctggt gggtggggac agctgctagt cecctgtectg 1620
cttgcacact ggagttaccg ttcatcctcet cctgctgggg tgatggcecctt cectggtett 1680
gggtagctte ctcacacgce tgtgctcacce agtagtcgta gtccgcetgca cactggaacy 1740
ggagcctetyg tggatatcca gggttcecttte cctgtgcage tcetettetet ctggttetece 1800
gccctgcaaa ctecag 1816
<210> SEQ ID NO 35

<211> LENGTH: 773

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 35

gtggggtcayg caagagaaac tctacggcta tgggagagec tgegttcacce tcettttecega 60
geecacctygt tetggggaag ctcaaaagaa acatgatgec ctgggettta cagaagaaac 120
gagaaatcca catggccaag gcccatcgga gacgagetge gaggtcetget ctecccatga 180
gactcaccag ctgcatctte cggaggccgg tgacaaggat caggtctcat cctgacaacce 240
aggtcagacg cagaaaaggg gacgagcacc tggagaagece gcagcaactce tgcgectace 300
ggagactgca ggccectgcag ccctgcagca gccaaggaga aggttcaagt ccactgcatt 360
tggagagcegt cttaagtatc cttgcaccgg ggacggcegyg tgaatctetyg gacagagetg 420
gtgctgageyg tgtgcgcate ccgettgage ccaccectgg geggttteca getgtggeag 480
gggggccaac cccaggaatg ggttgtcage tcccaccgee cetetetgge caattggtga 540
ctectgcaga tatccggaga caggccagga gggtgaagaa agcecagggag agactggcca 600
aggccttgca ggcagacagg ctggccagge aggcagaaat gcetgacaggt gggtgaaget 660
cagtcctggg cttteggtec ctttetttta atgcccatcce tcattcecctac tetgaattgt 720
cacacttttc cctteccccac cagttcecttta ataaaagtat ttgaaaggca aca 773

<210> SEQ ID NO 36

<211> LENGTH: 773

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 36

gtggggtcag caagagaaac tctacggcta tgggagagee tgegttcacce tcettttecga 60
geccacctgt tetggggaag ctcaaaagaa acatgatgece ctgggettta cagaagaaac 120
gagaaatcca catggccaag gcccatcgga gacgagctge gaggtctget ctecccatga 180
gactcaccag ctgcatctte cggaggccegyg tgacaaggat caggtctcat cctgacaacc 240

aggtcagacg cagaaaaggg gacgagcacce tggagaagec gecagcaacte tgegectace 300
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ggagactgca ggccectgcag ccctgcagca gccaaggaga aggttcaagt ccactgcatt 360
tggagagcegt cttaagtatc cttgcaccgg ggacggcegyg tgaatctetyg gacagggcetg 420
gtgctgageyg tgtgcgcage ccgettgage ccaccectgg geggttteca getgtggeag 480
gggggccaac cccaggaatg ggttgtcage tcccaccgee cetetetgge caattggtga 540
ctectgcaga tatccggaga caggccagga gggtgaagaa agcecagggag agactggcca 600
aggccttgca ggcagacagg ctggccagge aggcagaaat gctgacatgt agatgaageg 660
cagtcctggg cttteggtec ctttetttta atgcccatcce tcattcecctac tetgaattgt 720
cacacttttc cctteccccac cagttcecttta ataaaagtat ttgaaaggca aca 773
<210> SEQ ID NO 37
<211> LENGTH: 1583
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 37
ctectgggee tctcaaagtce tgagccecge tecgetgatyg cetgtetgea gaatccgcac 60
caaccagcac catgcccatg actctggggt actgggacat cegtgggetyg gcccacgceca 120
tcegettget cctggaatac acagactcaa getatgtgga aaagaagtac acgetggggg 180
acgctectga ctatgacaga agccagtgge tgaatgaaaa attcaagctyg ggcectggact 240
ttcccaatet gecctacttyg attgatgggg ctcacaagat cacccagage aatgccatce 300
tgcgctacat tgcccgcaag cacaacctgt gtggggagac agaagaggag aagattcgtg 360
tggacatttt ggagaaccag gttatggata accacatgga gctggtcaga ctgtgctatg 420
acccagattt tgagaaactg aagccaaaat acttggagga actccctgaa aagctaaagce 480
tctactcaga gtttetgggg aagcggecat ggtttgcagyg agacaagatc acctttgtgg 540
attteccttge ctatgatgtc cttgacatga agegtatatt tgagcccaag tgcttggacyg 600
ccttectaaa cttgaaggac ttcatctece getttgaggg tttgaagaag atctctgect 660
acatgaagtc cagccaattc ctccgaggte ttttgtttgg aaagtcaget acatggaaca 720
gcaaataggyg cccagtgatg ccagaagatg ggagggagga gccaaccttg ctgectgega 780
cectggagga cagectgact ccctggacct gecttettee tttttectte tttcetactet 840
cttetettee ccaaggecte attggettece tttettctaa catcatcect cccegeatceg 900
aggctettta aagcttcage tccccactgt cctcecatcaa agtcccccte ctaacgtett 960

ccttteectg cactaacgec aacctgactg ctttteetgt cagtgetttt ctettetttg 1020

agaagccaga ctgatctcectg agctccectag cactgtectce aaagaccatce tgtatgccect 1080

gctecectttyg ctgggteccct accccagete cgtgtgatge ccagtaaagce ctgaaccatg 1140

cctgccatgt cttgtcttat tcecctgagge tceecttgact caggactgtg ctcgaattgt 1200

gggtggtttt ttgtcttctg ttgtccacag ccagagctta gtggatgggt gtgtgtgtgt 1260

gtgtgttggg ggtggtgatc aggcaggttc ataaatttcc ttggtcattt ctgccctceta 1320

gccacatecece tetgttecte actgtgggga ttactacaga aaggtgctct gtgccaagtt 1380

cctcactcat tecgcgctect gtaggccgte tagaactgge atggttcaaa gaggggctag 1440

gctgatgggyg aagggggctyg agcagctceccce aggcagactg ccttcetttca ccectgtectyg 1500

atagacttcc ctgatctaga tatccttcgt catgacactt ctcaataaaa cgtatcccac 1560
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cgtattgtaa aaaaaaaaaa aaa 1583
<210> SEQ ID NO 38
<211> LENGTH: 1862
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 38
acccaaagtce ttcaagectg gagttectge ttggttette ctgaggtcetyg agcaccttet 60
agactacatc cagatctgtt ttccctgecag attcatgaag atgagcatcce ggactccace 120
cagactcctyg gagettgcag ggcggagect getgagggac caagetttgg ccatgtcecac 180
cctggaggag ctgcccacag aacttttece cecactgtte atggaggect tcagcaggag 240
acgctgtgag gccctgaage tgatggtgca ggectggece ttecgecgee tccctetgag 300
gectetgata aagatgcctt gtctggagge cttccaaget gtgctegatg ggettgatge 360
actgcttace caaggggttc gtcccaggag gtggaaacte caagtgctgg atttacagga 420
tgtctgtgag aacttctgga tggtttggte tgaagctatyg geccatgggt gettectcaa 480
tgccaagagg aacaaaaaac cagtgcagga ctgtccaagyg atgagaggac ggcagccctt 540
gactgtgtte gtagaacttt ggctcaagaa caggactctg gatgaatacc tcacctacct 600
ccttetatgg gtcaagcaga ggaaagattt actacacctyg tgctgtaaga agctgaaaat 660
tttgggaatg cccttecgca atatcagaag catcctgaaa atggtgaacce tagactgtat 720
ccaggaggtyg gaagtgaatt gcaagtgggt actgcccate ctgacacagt ttaccccata 780
cctgggecac atgaggaatc ttcagaaget cgttcetctece cacatggatg tctcetegeta 840
cgttteccca gagcagaaga aggagattgt tacccagtte accactcagt tcctcaaget 900
gegetgecte caaaagcttt atatgaactce tgtttettte ctegaaggcc acctggacca 960
gctgcectcage tgtctgaaga cctegttaaa agtcctcaca ataactaact gtgtgcetttt 1020
ggaatcagac ttgaagcatc tatcccagtg cccgagtatc agtcaactaa agaccctgga 1080
cctgagtgge atcagactga ccaattatag tcttgtgect ctccaaattce tectagaaaa 1140
agttgcagcce acccttgagt acctggattt agatgactgt ggcatcatag actcccaagt 1200
caacgccatc ctgcctgecece tgagcecgcectg ctttgagetce aacaccttceca gettetgtgg 1260
aaatcccatc tgcatggcca ccctggagaa cctgctgage cacacaatca tactcaaaaa 1320
cttatgtgtg gagctgtatc ctgccccccecg agagagttat ggtgctgatg gtactcectcetg 1380
ctggagcaga tttgctcaaa ttagggctga gctgatgaac agagtgaggg acttaaggca 1440
cceccaagagg atcttgttet gtactgacta ctgccctgac tgtggcaaca ggtcatttta 1500
tgacctggag gcagatcaat actgctgttg aatgcctgece tatttggatg ggtatgtcaa 1560
acgctttett ctggacactt ggaaactaaa acctaggtct taggtacatc ctaaagggag 1620
cacagaaccc atcatttcac acataggctc tgaaagtggg aaaggaaagc tgatcaagca 1680
ggggccggac ttgggggaaa tgttgccatg gattcgatgg gactttgggg acctgtgtcece 1740
tgtagattcg aaaatgggaa tctgaatgtc tagagtggaa ttcaggcttg agaatacatg 1800
agggagttac tcttgcatgg atggttgtaa agaaacaatc agaaataaag gaaaactgag 1860
ca 1862
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<210> SEQ ID NO 39
<211> LENGTH: 1855
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 39
acccaaagtce ttcaagectg gagttectge ttggttette ctgaggactyg agcaccttcet 60
agactacatc cagatctgtt ttccctgecag attcgtgaag atgagcatcce ggactccace 120
cagactcctg gagettgcag ggcggagect getgagggac caagecttgg ccatgtcecac 180
cctggaggag ctgcccacag aacttttece cecactgtte atggaggect tcagcaggag 240
acgctgtgag gccctgaage tgatggtgca ggectggece ttecgecgee tccctetgag 300
gectetgata aagatgcctt gtctggagge cttccaaget gtgctegatg ggetggatge 360
actgcttace caaggggttc atcccaggag gtggaaactt caagtgctgg atttacagga 420
tgtctgtgag aacttctgga tggtttggte tgaagctatyg geccatgggt gettectcaa 480
tgccaagagg aacaaaaaac cagtgcagga ctgtccaagyg atgagaggac agcagccctt 540
gactgtgtte gtagaacttt ggctcaagaa caggactctg gatgaatacc tcacctgect 600
ccttetatgg gtcaagcaga ggaaagattt actacacctyg tgctgtaaga agctgaaaat 660
tttgggaatg cccttecgca atatcagaag catcctgaaa atggtgaacce tagactgtat 720
ccaggaggtyg gaagtgaatt gcaagtgggt actgcccate ctgacacagt ttaccccata 780
cctgggecac atgaggaatc ttcagaaget cgttcetctece cacatggatg tctcetegeta 840
cgttteccca gagcagaaga aggagattgt tacccagtte accactcagt tcctcaaget 900
gtgctgecte caaaagcttt ctatgaactc tgtttettte ctegaaggcc acctggacca 960
gctgcectcage tgtctgaaga cctegttaaa ggtcctcaca ataactaact gtgtgcetttt 1020
ggaatcagac ttgaagcatc tatcccagtg cccgagtatc agtcaactaa agaccctgga 1080
cctgagtgge atcagactga ccaattacag tcttgtgect ctccaaattce tectagaaaa 1140
agttgcagcce acccttgagt acctggattt agatgactgt ggcatcatag actcccaagt 1200
caacgccatc ctgcctgecece tgagcecgcectg ctttgagetce aacaccttceca gettetgtgg 1260
aaatcccatc tccatggcca ccctggagaa cctgctgage cacacaatca tactcaaaaa 1320
cttatgegtg gagctgtatce ctgcccccecg ggagagttat gatgctgatg gtactcectcetg 1380
ctggagcaga tttgctcaaa ttagggctga gctgatgaag agagtgaggg acttaaggca 1440
cceccaagagg atcttgttet gtactgactg ctgccctgac tgtggcaaca ggtcatttta 1500
tgacctggag gcagatcaat gcectgctgttg aatgcctgece tatttgggtg gatatgtcaa 1560
acgctttett ctggacactt ggaaactaaa acctaggtct taggtacatc ctatagggag 1620
cacagaaccc atcatttcac acatgggctc tgaaagtggg aaaggaaagg tgatcaagca 1680
ggggcaggac ttgggggaag tgttgccatg gattcgatgg gactttgggg acctgtgtcece 1740
tgtagagtgg aaaatgggaa tttgaatgtc tagagtggag gcttgagaat acttgaggga 1800
gttactcttyg gatgcatggt tgtaaagaaa caatcagaaa taaaggaaaa ctgag 1855

<210> SEQ ID NO 40
<211> LENGTH: 1648

<212> TYPE:

DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 40
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gcagggaatg agctcctgat cttggggagt acttaaaaga attttttcectt ggaagaatta 60
ctgcaggaaa cattcataga accttgggaa acatgaattc tggaatcttg caagtcttcce 120
agagggcact cacctgtccc atctgcatga actacttcct agacccagtc accatagact 180
gtgggcacag cttttgccgg cecctgtttgt acctcaactg gcaagacacg gcagttcttg 240
ctcagtgctc tgaatgcaag aagacaacgc ggcagagaaa cctcaacact gacatttgtt 300
tgaagaacat ggctttcatt gccagaaaag ccagcctceg gcaattcctt agctctgagg 360
agcaaatatg tgggatgcac agagagacaa agaagatgtt ctgtgaagtg gacaagagcc 420
tgctetgttt gecegtgctce aactctcagg agcaccggaa tcacatacac tgtcccattg 480
agtgggctgc tgaggaacgc cgggaggagc tcctaaaaaa aatgcagtct ttatgggaaa 540
aagcttgtga aaatctcaga aatctgaaca tggaaaccac aagaaccaga tgctggaagg 600
attatgtgag tttaaggata gaagcaatca gagctgaata tcagaagatg cctgcatttce 660
tccatgaaga agagcaacat cacttggaaa ggctgcgaaa ggagggcgag gacattttte 720
agcaactcaa tgaaagcaaa gccagaatgg aacattccag ggagctttta agaggaatgt 780
atgaggatct gaagcaaatg tgccataaag cagatgtgga gctactccag gecttttggag 840
acatattaca caggtatgag tctctgctge tgcaagtgtce tgagcctgtg aatccagagce 900
tcagtgcagg gcccatcact ggactgctgg acagcctcag tggattcaga gttgatttta 960

ctctgcagece tgaaagagcec aatagtcata tcttectgtg tggagatttg agaagcatga 1020
atgttggatg tgaccctcaa gatgatcccg atatcactgg aaaatctgaa tgttttettg 1080
tatggggggce tcaggctttc acatctggca aatattattg ggaggttcat atgggggact 1140
cttggaattg ggcttttggt gtctgtaaca attattggaa agagaagaga cagaatgaca 1200
agatagatgg agaggaggga ctctttectte ttggatgtgt taaggaggac actcactgca 1260
gtctectttac cacctceccca cttgtggtge aatatgttec aagacctacc agcacagtag 1320
gattattcct ggattgtgaa ggtagaaccg tgagctttgt tgatgttgat caaagttceccce 1380
tgatatacac catccccaat tgctccttcet cacctcectet caggectate ttttgctgta 1440
gtcacttctg accagagaaa agtcagaaat gtgcctgtat gctctgggaa cctgtttatce 1500
ccagaaagcce ctcttttteg cacctcatca aacagaacaa ataagttata tttaatgtct 1560
ttagttgcat tctaatgtca tcaaaactca tttatagtgt ttctattaaa tatggtgaaa 1620
acattaaaaa aaaaaaaaaa aaaaaaaa 1648
<210> SEQ ID NO 41

<211> LENGTH: 1617

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 41

ccaccoeoee cccccaccac caccaccace accaccecge cggecggece caggectega 60
cgeectgggt cectteeggg gtggggeggg ctgteccagg ggggctcace gecattcatg 120
aaggggtgga gectgectge ctgtgggect ttacaaggge ggetggetgg ctggetgget 180
gtcegggeag gectectgge tgcacctgee gecagtgcaca gteeggetga ggtgecacggg 240
agccegeagyg cctetetetg ceegegteeg teegtgaaat tecggecggg getcaccegeg 300

atggcectee cgacacccte ggacagcace ctececgegg aageceggdg acgaggacgg 360
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cgacggagac tcgtttggac cccgagccaa agcgaggccce tgcgagectg ctttgagegg 420
aacccgtacce cgggcatcge caccagagaa cggctggccce aggccatcgg cattccggag 480
cccagggtcec agatttggtt tcagaatgag aggtcacgec agctgaggca gcaccggcegg 540
gaatctecgge cctggccegg gagacgceggce ccgccagaag gccggcgaaa gcggaccgoc 600
gtcaccggat cccagaccgce cctgctcecte cgagectttg agaaggatcg ctttccagge 660
atcgeccgecec gggaggagcet ggccagagag acgggcctcee cggagtccag gattcagatce 720

tggtttcaga atcgaaggge caggcacceg ggacagggtg geagggegee cgegcaggca 780

ggeggectgt gcagegegge ceceggeggyg ggtcaccctyg cteectegtyg ggtegectte 840
geccacaceyg gegegtgggg aacggggctt ccegcaccee acgtgecctyg cgegectggg 900
geteteccace agggggcettt cgtgagecag gcagcegaggg cegecccege gotgeagecec 960

agccaggeceg cgccggcaga gggggtetee caacctgece cggegegegg ggatttegece 1020
tacgccgece cggctectee ggacggggceg ctetceccace ctcaggctece teggtggect 1080
ccgcaccegg gcaaaagecg ggaggaccegg gaccegeage gegacggect geegggeccce 1140
tgcgeggtgyg cacagectgg geccgetcaa geggggecge agggccaagdg ggtgettgeg 1200
ccacccacgt cccaggggag teegtggtgg ggetggggece ggggteccca ggtegecggg 1260
geggegtggg aaccccaage cggggcaget ccacctecee ageccgogeco ccecggacged 1320
tcegecteeg cgeggcaggg gcagatgcaa ggecatceegg cgcectceca ggegetcecag 1380
gagcecggege cctggtcectge actecccectge ggcectgcectge tggatgaget cctggcgage 1440
ceggagttte tgcagcagge gcaacctete ctagaaacgg aggeccecgdg ggagetggag 1500
gecteggaag aggccgecte getggaagca cccctcageg aggaagaata ccgggetcetg 1560

ctggaggagce tttaggacgc ggggttggga cggggtcggg tggttegggg cagggceg 1617

1.-21. (canceled) tory nucleic acids targeting two or more of SLC34A2,

. . TRIM49, TRIM43, PRAMEF1, CD177, NAAA, HSPAG,
22. A method of treating Facioscapulohumeral muscular TCAN. or CD34.

dystrophy (FSHD) in a subject, the method comprising 24. The method of claim 22 or 23, wherein the inhibitory

administering to the subject one or more inhibitory nucleic nucleic acid is a double-stranded RNA, siRNA, shRNA, or
acids targeting one or more of SLC34A2, TRIM49, TRIM43, antisense oligonucleotide.

CDI177, NAAA, HSPA6, TC2N, or CD34. 25. The method of claim 24, wherein the antisense oligo-

23. A method of treating FSHD in a subject, the method ~ 1ucleotide is a morpholino oligonucleotide.
comprising administering to the subject two or more inhibi- * ok k& ok



