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ABSTRACT 

Compositions and methods for identifying new treatments for 
Facioscapulohumeral muscular dystrophy (FSHD), and uses 
thereof. 
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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 RESEARCHOR 
DEVELOPMENT 

0002 This invention was made with Government support 
under Grant No. U54 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 D4Z4 on 
chromosome 4q25. 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 a highly 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, TRIM49, 
TRIM43, CD177, NAAA, HSPA6, TC2N, CD34, ATP2A1, 
PAX7, MYF5, MRAP2, DAG1 CLYBL, CALCRL, 
ZNF445, and SPATA17, or at least two genes selected from 
the group consisting of SLC34A2, TRIM49, TRIM43, 
PRAMEF1, CD177, NAAA, HSPA6, TC2N, CD34, 
ATP2A1, PAX7, MYF5, MRAP2, DAG1 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, TRIM49, 
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, 
DAG1 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 
TRIM43 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; MYF5; 
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; MYF5; 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 compoundatest 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-GeneDOWN)=classifier 

In Some embodiments, the classifier is calculated as: 

0016. In some embodiments, the test compound is an 
inhibitory nucleic acid. 
0017. 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 selected from the group 
consisting of SLC34A2, TRIM49, TRIM43, PRAMEF1, 
CD177, NAAA, HSPA6, 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, CD177, 
NAAA, HSPA6, TC2N, or CD34, and increases the level of 
expression one or more of ATP2A1, PAX7, MYF5, MRAP2, 
DAG1 CLYBL, CALCRL, ZNF445, or SPATA17. 
0.018. 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, TRIM43, 
CD177, NAAA, HSPA6, 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, 
HSPA6, 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, 
HSPA6, 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, O9A, O9U, 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. In another aspect, the invention provides kits includ 
ing a plurality of cell lines, e.g., a pair or trio of cell lines, from 
a family 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: 
O9A, O9U; 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 
or more 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. In another aspect, the invention features a method of 
characterizing Facioscapulohumeral muscular dystrophy 
(FSHD) in a cell derived from an FSHD affected 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 4qD4Z4 region in 
combination with a 4 qA telomericallele. 
0027. In another 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 D4Z4 region in combination with a 4 qA 
telomericallele, and the first degree relative does not have the 
contracted 4q D4Z4 region. 
0028. In another 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 subjects 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. In another aspect, 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. In another aspect, 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. In another aspect, 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. In another 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 level of expression of 
the polynucleotide relative to the level in a reference, where 
an inhibitory nucleic acid molecule that reduces expression of 
the polynucleotide ameliorates FSHD. 
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0036. In another 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. In another 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), FLJ44674 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, CCNA1, and TNXA. In 
another embodiment, the panel comprises DUX4 and a down 
regulated biomarker selected from the group consisting of 
microRNA30b (MIR30B), dystroglycan 1 (DAG1), melano 
cortin 2 receptor accessory protein (MRAP2), chromosome 9 
open reading frame 153 (C9orf153), 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) KIAA1217, Zinc finger protein 
445 (ZNF445), and chromosome 14 open reading frame 39 
(C14orf39. 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, C60rf142, 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 
W1S. 

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 
logs 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. In this 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, 
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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 fortherapeutic 
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. 
0.052 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 portion of a polypeptide 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 



US 2016/01 60217 A1 

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 differ 
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. 
0.066 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 mMNaCl 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 
at 30°C. in 750 mM. NaCl, 75 mM trisodium citrate, and 1% 
SDS. In a more preferred embodiment, hybridization will 
occurat 37°C. in 500 mMNaCl, 50mMtrisodium citrate, 1% 
SDS, 35% formamide, and 100 g/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 ug/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 
about 42°C., and even more preferably of at least 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 knownto 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); Ausubeletal. (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 eande" 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. 
007.9 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. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0081 FIG. 1 shows a table of cell 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 D4Z4 alleles and normal strength (designated U 
or V). 

DETAILED DESCRIPTION OF THE INVENTION 

I0082. The invention provides compositions and methods 
that are useful treating Facioscapulohumeral muscular dys 
trophy (FSHD), and methods of identifying new treatments 
for FSHD. 

I0083. 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/orameliorating FSHD, and or symptoms thereof. 
I0086. 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. 
I0088 FSHD is caused by partial deletion of a critical 
number of repeat elements within the highly polymorphic 
macrosatellite D4Z4 on the subtelomeric region of chromo 
Some 4q. In unaffected individuals, the D4Z4 array consists 
of 11 to 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 D4Z43.3 kb repeat units, the disease causing 
deletions must occur on chromosomal allele 4 qA, whereas 
deletions on the equally common 4 qBallele 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 D4Z4 
repeats induces derepression of one or more genes adjacent to 
D4Z4 with myopathic potential. Several genes (FRG1. 
FRG2, SLC25A4) residing in the vicinity of D4Z4 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 

I0089. 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 D4Z4, 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 plaM region adjacent to 
the distal D4Z4 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 paM 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 D4Z4 
region in combination with a 4 qA 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 calfserum (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. In one approach, fluorescence-activated cell sorting 
(FACS) is carried out to identify cells that are positive for 
human CD56 (BDBiosciences), 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) CD56-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 
S1O. 

0.095 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. In one embodiment, 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. Successful 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/orantibody-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 (FTMS), 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 a radio 
frequency method. In one embodiment, mass spectrometry, 
and in particular, SELDI, is used. Optical methods include, 
for example, detection offluorescence, 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, et al., 
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; 2005.0035286; 
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. Ions 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 LC 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 (FTMS) 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 ESI and MALDI, FTMS offers high accuracy with 
errors as low as 0.001%. 
0112. In one embodiment, the marker qualification meth 
ods of the 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 
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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., a marker 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. 
0.124. 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 inheredity 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. 
0.125 While individual markers are useful diagnostic 
markers, in Some instances, a combination of markers pro 
vides greaterpredictive 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 

Jun. 9, 2016 

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. 
I0127. 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: e3. 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 presentina 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). 
I0129. 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 inkjet 
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 nucleic acid 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 
cDNA 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. 
0.132. 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 mMNaCl 
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 
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 
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 mMNaCl, 50 mM trisodium citrate, 1% 
SDS, 35% formamide, and 100 g/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 ug/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 mMNaCl 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 a preferred embodiment, wash steps will occurat 25C in 30 
mMNaCl, 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. 
I0134. 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., Helleret 
al., Proc. Natl. Acad. Sci. 94:2150-2155, 1997). Preferably, a 
scanner is used to determine the levels and patterns of fluo 
CSCCC. 

Diagnostic Kits 

0.135 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. 
0.136. If desired the kit is provided together with instruc 
tions for using the kit 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 

0.137 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. 

0.138. 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. 
0.139. 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 agentis readily modified using 
standard chemical, physical, or biochemical methods. 
0148. In addition, 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. In one embodiment, 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 RNaseH1. 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. 
O153 siRNA 
0154 Short twenty-one to twenty-five nucleotide double 
Stranded RNAS 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). 
0.155) 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 
be used 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. RNAi 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 dsRNAs 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. 
O157. 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. USA99:6047-6052, 2002: Miyagishiet 
al. Nature Biotechnol. 20:497-500, 2002; and Lee et al. 
Nature Biotechnol. 20:500-5052002, 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 29bp, 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. 
0.161 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 
lytic 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 III 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 III 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 II 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 2004-029219A2) and 
Fewell et al., 2006, Drug Discovery Today 11:975-982, for a 
description of inducible shRNA. 

Modified Nucleic Acids 

0.165 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 ICso. 
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 A1). 
(0166 As is 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. 
0.167 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 hereinincorporated 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-O CH , —CH N(CH)—O CH 

(known as a methylene (methylimino) or MMI backbone), 
CH, O N(CH)—CH2—, CH, N(CH) N 

(CH)—CH2—, and O N(CH)—CH2—CH2—. 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 Co alkyl or C to Coalkenyl 
and alkynyl. Particularly preferred are O(CH),OICH, 
O(CH), OCH, O(CH), NH, O(CH), CH, O(CH) 
ONH, and O(CH)ON(CH2)CH), where n and mare 
from 1 to about 10. Other preferred nucleobase oligomers 
include one of the following at the 2' position: C to Co lower 
alkyl, substituted lower alkyl, alkaryl, aralkyl, O-alkaryl, or 
O-aralkyl, SH, SCH, OCN, Cl, Br, CN, CF. OCF, SOCH, 
SOCH, 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 
a nucleobase 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- 
CHCHOCH, also known as 2'-O-(2-methoxyethyl) or 
2'-MOE). Another desirable modification is 2'-dimethylami 
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nooxyethoxy (i.e., O(CH2)2ON(CH)), also known as 
2'-DMAOE. Other modifications include, 2-aminopropoxy 
(2'-OCHCHCH-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; 
5-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 5-substituted pyrimidines, 6-azapyrimidines, and 
N-2, N-6 and 0-6 substituted purines, including 2-aminopro 
pyladenine, 5-propynyluracil and 5-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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0.174 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 (Oberhauseret al., Nucl. Acids Res., 20:533-538: 1992), 
an aliphatic chain, e.g., dodecandiolor undecyl residues (Sai 
son-Behmoaras et al., EMBO J., 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-O-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 (Manoharanet 
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; 
5,591584: 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. 
0.175. 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 
strandofan 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. 
0.178 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.94:103.19, 1997). For example, 
a full 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: 77S-83S, 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 
et al., 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; Brigham et al., 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 cellor 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 disease-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 agentis 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 
0.192 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 
0.195 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, methylhydroxyethylcellu 
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 oran 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 atherapeu 
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 
a diagnostic 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 subjects 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- EcoR 

Familia ment Bln Deltoid Biceps 
Donor Relations Gender (yrs) Allele Strength Strength 

O7A proban F 18 29 kb 4+5 at 90° full 
O7U mother of F 49 34 kb full full 

proban (4qB), 
S3 kb 

(4qA) 
O9A proban F 31 25 kb SAS at 45° 4-fs 
09U mother of O9A F 57 47 kb full full 
12A proban M 49 18 kb 4+5 at 90° 4-is 
12U sister of 12A F 45 >112 kb full full 
15A proban M 67 28 kb SAS at 90° S.S 
1SB brother of 15A M 69 28 kb full full 
15V sister of 15A F 60 107 kb full full 
21B proban F 59 34 kb SFS 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 1 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 Iowa Diagnostic Laboratories and indicated 
that each donor with a clinical diagnosis of FSHD also had a 
contracted 4q D4Z4 region in combination with a 4 qA telo 
mericallele (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 Hams 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 TrypIE 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 
IgG1 Kisotype 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 CaCl2, and 1% antibiotics/antimycotics 
(Cellgro). Cultures were incubated until cells reached 
50-70% confluence, at which time cells were harvested after 
dissociation with TrypLE 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, CD56-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 ug/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 
Affymetrix 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 (apurinicfapyrimidic endonuclease 
1) and biotin-labeled with TaT (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 (Affymetrix). The arrays were scanned using the 
GeneChip Scanner 3000 7G (Affymetrix) and raw data was 
extracted from the scanned images and analyzed with the 
Affymetrix 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 of 0.15. 
The columns labeled AvsU.DM.B.pval and AvsU.DM.B. 
gives the p-value and FDR, respectively, and the column 
labeled Avs U.DM.B.lfc gives the log2(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 

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

7933733 FAM13C HS.499.704 220965 NM 001001971.2 family with sequence -O.85 S.3OE-07 O.O11 
similarity 13, member 
C 

815306S MIR3OB NA 407030 NR 029666.1 microRNA30b -0.9 17OE-06 O.O17 
8079753 DAG1 HS76111 1605 NM 001165928.3 dystroglycan 1 -0.59 12OE-05 O.O71 

(dystrophin-associated 
glycoprotein 1) 

79.10923 FMN2 HS24889 56776 NM O2O066.4 ormin 2 0.77 O.O71 
7927876 TET1 HSS67594 80312 NM O30625.2 et oncogene 1 -0.65 O.O72 
807S673 RBFOX2 HS282998 23543 NM OO1031695.2 RNA binding protein, -0.43 O. 

oX-1 homolog (C. 
elegans) 2 

798O891 TC2N HS.S10262 123036 NM OO1128595.1 tandem C2 domains, O.72 S.2OE-OS O. 
nuclear 

8126770 CYP39A1 HS.387367 51302 NM O16593.3 cytochrome P450, -0.51 6.6OE-05 O. 
amily 39, subfamily 
A, polypeptide 1 

8OS4O41 TRIM43 HS232O26 129868 NM 13880.0.1 tripartite motif 2.59 7.3OE-OS O. 
containing 43 

8O34099 MIR199A1 NA 406976 NR 029586.1 microRNA 199a-1 O.88 O. 
8057578 CALCRL HS.470882 102O3 NM OO5795.5 calcitonin receptor-like -1.17 O. 
7898537 PAX7 HS1132S3 5081 NM OO1135254.1 paired box 7 -O.75 O. 
8O841OO USP13 HS.175322 8975 NM OO3940.2 ubiquitin specific -O.75 O. 

peptidase 13 
(isopeptidase T-3) 

7994463 ATP2A1 HS.657344 487 NM OO4320.4 ATPase, Ca++ -1.82 8.7OE-05 O. 
transporting, cardiac 
muscle, fast twitch 1 

7958174 TXNRD1 Hs.728817 7296 NM OO1093771.2 thioredoxin reductase O49 8.8OE-05 O. 

7982OOO SNORD116- NA 100033438 NR OO3340.2 small nucleolar RNA, -0.78 9.1OE-05 O. 
26 CD box 116-26 

7973580 FITM1 HS128060 161247 NM 2034.02.2 at storage-inducing -O.72 9.90E-05 O. 
transmembrane protein 

7928661 MBL1P HS102310 8512 NR 002724.2 mannose-binding -0.67 1.OOE-04 O. 
ectin (protein A) 1, 
pseudogene 
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Probeset SYMBOL 

8053984 ANKRD23 

794-1761 RHOD 

8072015 ADRBK2 

8027674 ZNF302 
8120961 MRAP2 

796086S SLC2A3 

7947052 IGSF22 

809366S GRK4 

8162132C9orf153 

8008664 AKAP1 

810.1086 NAAA 

7915261. TRIT1 

7912595 PRAMEF13 

7978.932 SOS2 

8O23121 ST8SIAS 

7934945 PANK1 
7979483 C14orf39 

7923978 CD34 
7920552 KCNN3 

8O82003 EAF2 

8024518 ZNF555 
8151074 PDE7A 
813OO71 C1Sorf29 

81.23584 MYLK4 

7906764 HSPA6 

7897987 PRAMEF2 

7926679 KLAA1217 
8163733 CDK5RAP2 

8OSO443 SMC6 

79471.10 E2F8 

8073943 ZBED4 

79.58884 OAS1 

S. 64.3430 

S.15114 

S. 65.7494 

S.4363SO 
S.370OSS 

S.4.19240 

S.434152 

S.32959 

S. 632O73 

S.463506 

S.43736S 

S.282260 

S.531.192 

S.291533 

S.465025 

S.376351 
S.335754 

S.374990 
S.490765 

S.47732S 

S.47712 
S.S27119 
S. 633566 

S.127830 

S. 654.614 

S.104991 

S.4458.85 
S.269560 

S.S26728 

S.S23526 

S.47S208 

S.S24760 

200539 

29984 

157 

55900 
112609 

6515 

283284 

2868 

38.9766 

27163 

151050 

400736 

6655 

2.9906 

53354 
317761 

947 
37.82 

SS840 

148254 
5150 
79768 

34O156 

3310 

65122 

S6243 
55755 

79677 

79733 

9889 

4938 

24 

TABLE 2-continued 

UNIGENE ENTREZID REFSEQ 

NM 144994.7 

NM 014578.3 

NM OO5160.3 

NM 001012320.1 
NM 1384.09.2 

NM OO6931.2 

NM 173588.3 

NM OO1004056.1 

NM 001010.907.1 

NM OO3488.3 

NM OO1042402.1 

NM O17646.4 

NM 152519.2 

NM 001024661.1 

NM OO6939.2 

NM 013305.4 

NM 1383.16.3 
NM 174978.2 

NM 001025 109.1 
NM OO1204087.1 

NM 018456.4 

NM OO1172775.1 
NM 002603.3 
NM O24713.2 

NM 001012418.3 

NM 002155.3 

NM 023014.1 

NM 0010985OO.1 
NM 001011649.2 

NM 001142286.1 

NM O24680.3 

NM O14838.2 

NM OO1032409.1 

GENENAME 

ankyrin repeat domain 
23 
ras homologgene 
family, member D 
adrenergic, beta, 
receptor kinase 2 
Zinc finger protein 302 
melanocortin 2 
receptor accessory 
protein 2 
solute carrier family 2 
(facilitated glucose 
transporter), member 3 
immunoglobulin 
Superfamily, member 
22 
G protein-coupled 
receptor kinase 4 
chromosome 9 open 
reading frame 153 
A kinase (PRKA) 
anchor protein 1 
N-acylethanolamine 
acid amidase 
tRNA 
isopentenyltransferase 
1 
chromosome 2 open 
reading frame 67 
PRAME family 
member 13 
Son of sevenless 
homolog 2 
(Drosophila) 
ST8 alpha-N-acetyl 
neuraminide alpha-2.8- 
sialyltransferase 5 
pantothenate kinase 1 
chromosome 14 open 
reading frame 39 
CD34 molecule 
potassium 
intermediate small 
conductance calcium 
activated channel, 
Subfamily N, member 
3 
ELL associated factor 
2 
Zinc finger protein 555 
phosphodiesterase 7A 
chromosome 15 open 
reading frame 29 
myosin light chain 
kinase family, member 
4 
heat shock 70kDa 
protein 6 (HSP70B) 
PRAME family 
member 2 
KIAA1217 
CDK5 regulatory 
Subunit associated 
protein 2 
structural maintenance 
of chromosomes 6 
E2F transcription 
actor 8 
Zinc finger, BED-type 
containing 4 
2',5'-oligoadenylate 
synthetase 1, 
40.46kDa 

AwsC. 
DM.B.fc 

-0.45 

-0.36 
-O.93 

O.64 

-0.58 

-0.46 

-0.64 

-0.48 

-0.56 

1.52 

-O.27 

-0.61 

-0.66 
-O.79 

0.79 
-O-88 

-0.69 

-0.82 
-0.61 
-0.76 

-1.18 

1.59 

-0.58 
-0.4 

-0.5 

-1.38 

-0.36 

Aws J.DM.B. Avs J.DM. 
B. pval 

O.OOO11 

O.OOO11 

O.OOO12 

O.OOO12 
O.OOO13 

O.OOO13 

O.OOO14 

O.OOO14 

O.OOO14 

O.OOO15 

O.OOO16 

O.OOO16 

O.OOO18 

O.OOO19 

O.OOO19 

O.OOO21 

O.OOO21 
O.OOO22 

O.OOO23 
O.OOO24 

O.OOO24 

O.OOO26 
O.OOO26 
O.OOO27 

O.OOO28 

O.OOO29 

O.OOO29 

O.OOO31 
O.OOO32 

O. 

O. 

O. 

8. 

dr 

: 
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Probeset SYMBOL 

81334.77 GTF2IRD1 

794.4955 PKNOX2 

7983704 GLDN 
81318O3 IL6 

790973O KCNK2 

7908397 RGS13 

8072170 KREMEN1 

7897978 PRAMEF1 

790954.5 TRAF5 

8094.441 SLC34A2 

813767OPDGFA 

8O864.82 ZNF445 
7964646 PPM1H 

8O27312 ZNF429 
7969815 CLYBL 
80993O2 MIR95 
7971653 DLEU2 

8069991 TCP1OL 

797O 111 ARHGEF7 

7995440 FLJ44674 
7898.211 DDI2 

8163109 C9orf24 

7918552 C1orf183 

796.08SO SLC2A14 

8050658 ATAD2B 

8060813 MCM8 

8097086 MYOZ2 

8097256 FGF2 

810O312 LRRC66 

S.278564 

S.464585 

S.526441 
S. 654458 

S.497745 

S.49722O 

S.22933S 

S.534458 

S.454859 

S.S23930 

S.479372 

S.S35898 

S.250481 
S.43S479 

S.572567 
HS.655642 
NA 
HS.S47964 

S. 728804 

S.SO8738 

S.514338 
S.718857 

S.1934O6 

S.655169 

S.467862 

S.158174 
S.597484 

S.381047 
S. 6598.63 

S.418416 

S.284244 

S. 661450 

9569 

6.3876 

23253 

342O3S 
3569 

3776 

6003 

83999 

51673 

65121 

7188 

10568 

S154 

353274 
S7460 

353O88 
171425 
407052 

8847 

140290 

8874 

400535 
84301 

23732 

SS924 

144195 

54454 

7738 
84515 

51778 
8808 

84524 

2247 

339977 

25 

TABLE 2-continued 

UNIGENE ENTREZID REFSEQ 

NM OO11992O7.1 

NM O22062.2 

NM 001083625.2 

NM 181789.2 
NM OOO600.3 

NM 001017424.2 

NM OO2927.4 

NM OO1039570.2 

NM O15964.2 

NM 0230 13.2 

NM OO1033910.2 

NM 001177998.1 

NM 0026O7.5 

NM 181489.5 
NM 020700.1 

NM 001001415.2 
NM 206808.2 
NR O2951.1.1 
NR 002612.1 

NM 144659.5 

NM OO1113511.1 

XR 041153.1 
NM 032341.4 

NM O14334.2 

NM O19099.4 

NM 153449.2 

NM 017552.2 

NM 007149.2 
NM 032485.4 

NM O16599.4 
NM OO3854.2 

NM 032494.2 

NM 002006.4 

NM 001024611.1 

GENENAME 

GTF2I repeat domain 
containing 1 
PBX knotted 1 
homeobox2 
ankyrin repeat domain 
12 
gliomedin 
interleukin 6 
(interferon, beta 2) 
potassium channel, 
Subfamily K, member 
2 
regulator of G-protein 
signaling 13 
kringle containing 
transmembrane protein 
1 
tubulin 
polymerization 
promoting protein 
family member 3 
PRAME family 
member 1 
TNF receptor 
associated factor 5 
Solute carrier family 
34 (sodium 
phosphate), member 2 
platelet-derived 
growth factor alpha 
polypeptide 
Zinc finger protein 445 
protein phosphatase, 
Mg2+/Mn2+ 
dependent, 1H 
Zinc finger protein 429 
citrate lyase beta like 
microRNA 95 
deleted in lymphocytic 
leukemia 2 (non 
protein coding) 
t-complex 10 (mouse)- 
like 
Rho guanine 
nucleotide exchange 
factor (GEF) 7 
FLJ44674 protein 
DNA-damage 
inducible 1 homolog 2 
(S. cerevisiae) 
chromosome 9 open 
reading frame 4 
chromosome 1 open 
reading frame 183 
solute carrier family 2 
(facilitated glucose 
transporter), member 
14 
ATPase family, AAA 
domain containing 2B 
Zinc finger protein 184 
minichromosome 
maintenance complex 
component 8 
myOZenin 2 
interleukin 1 receptor 
like 2 
Zinc finger CCCH-type 
containing 8 
fibroblast growth 
factor 2 (basic) 
leucine rich repeat 
containing 66 

-0.51 

-0.62 

-0.43 

-0.45 
1.12 

1.18 

-1.02 

-0.53 

-0.61 

1.33 

-0.64 

2.23 

-0.58 

-0.31 
-0.42 

-0.58 
-0.57 

-0.53 

-0.4 

-0.4 

0.4 

-0.43 

-0.33 

-O.35 
-O.39 

-1.2 
O.38 

-0.4 

O.88 

-0.77 

Aws J.DM.B. Avs J.DM. 
B. pval 

4.OOE-04 

4.OOE-04 

S.OOE-04 
S.OOE-04 

O.OOOS2 

O.OOOS2 

O.OOOS3 

O.OOOS3 

O.OOOS3 
O.OOOS3 

O.OOOS4 
O.OOOS4 

O.OOOSS 

O.OOOS6 

O.OOOS6 

O. 

O. 

O. 

O. 

dr 

2 

2 

2 

: 

2 
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TABLE 2-continued 
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Aws. AVSU.DM.B. AWSUDM. 
Probeset SYMBOL UNIGENE ENTREZID REFSEQ GENENAME DM.B.lfc pval B.fdr 

793.3092 ZNF248 HS.S28423 57209 NM 021045.2 Zinc finger protein 248 -0.5 O.OOO86 O.14 
7928705 TSPAN14 HS-310453 81619 NM OO1128309.1 tetraspanin 14 -0.62 O.OOO86 O.14 
815.1457 HEY1 HS.234434 23462 NM_001040708.1 hairy fenhancer-of-split -O.S8 O.OOO87 O.14 

related with YRPW 
motif1 

7934.442 SYNPO2L HS.645273 79933 NM 001114133.1 synaptopodin 2-like -O.78 O.OOO88 O.14 
8O33241 CD70 HSSO1497 970 NM OO1252.3 CD70 molecule O.32 O.OOO88 O.14 
792.1955 RXRG HS.26SSO 6258 NM OO6917.4 retinoid X receptor, -0.58 O.OOO89 O.14 

gamma 
81676O3 CLCNS HS.166486 1184 NM 000084.3 chloride channel 5 -0.57 9.OOE-04 O.14 
8O89647 KIAA2O18 HS.632570 205717 NM 0010098.99.2 KIAA2018 -0.4 O.OOO91 O.14 
813916O FAM183B HS.144O75 34O286 NR 028347.1 acyloxyacylhydrolase O3S O.OOO91 O.14 

(neutrophil) 
7957379 MYF5 HS.178023 4617 NM OO5593.2 myogenic factor 5 -O.91 O.OOO94 O.14 
8144082 C7orf13 HS.647014 129790 NR 026865.1 chromosome 7 open -O.39 O.OOO95 O.14 

reading frame 13 
7986OO4 ZNF774 HSSS307 342132 NM 001004309.2 zinc finger protein 774 -O.28 O.OOO95 O.14 
8045198 CFC1B HSSO3733 653275 NM 001079530.1 cripto, FRL-1, cryptic O.26 O.OOO96 O.14 

family 1B 
812S28.9 TNXA HS. 708061 7146 NR 001284.2 tenascin XA 1.87 O.OOO97 O.14 

pseudogene 
791.5277 MYCL1 HS.437922 4610 NM 001033081.2 v-myc -0.77 O.OOO98 O.14 

myelocytomatosis 
viral oncogene 
homolog 1, lung 
carcinoma derived 
(avian) 

8002303 NQO1 HS.406515 1728 NM OOO903.2 NAD(P)H O.67 O.OO1 O.15 
dehydrogenase, 
quinone 1 

8O33362 INSR HS.465744 3643 NM 000208.2 insulin receptor -0.59 O.OO1 O.15 
8O2S672 SLC44A2 HSS34560 57153 NM 001145056.1 solute carrier family -O.35 O.OO1 O.15 

44, member 2 
7965.510 TMCC3 HS.370410 57458 NM 020698.2 transmembrane and -0.42 O.OO1 O.15 

coiled-coil domain 
family 3 

811864.4 RPS18 HS.627414 6222 NM O22551.2 ribosomal protein S18 O34 O.OO1 O.15 
7940824 NAA40 HSS237S3 79829 NM O24771.2 N(alpha)- -O.33 O.OO1 O.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 Rag1 and IL2ry null (NOD 
Rag1 null IL2r 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 uM car 
diotoxin to induce a muscle degeneration/regeneration cycle. 
1x10°FSHD 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 Lum 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 prior irradiation of host mice enriches engraftment 
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 D4Z4 
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 qB), 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 DUX4at 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 hostis 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) In vivo imaging provides a powerful tool to 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 
luciferin (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 D4Z4 
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-fl), 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 RNaseH1-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 RNaseH1. 
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 cellor 
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 fiberturnover, 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 qPCR 
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 TaqMan Gene Expression Assays (Applied Bio 
systems). 

TABLE 3 

Samples used in qPCR study. 

Deltoid Biceps 
Familia EcoRI strength strength 

Subject relations Gender Age BlinI (kb) (R, L) (R, L) 

O1A proban M 42 >40, 18 4+, 5 4+, 3 
O1U brother of 01A M 46 >40, >40 5, 5 5, 5 
O3A proban F 40 >40, 20 5, 5 4+, 4+ 
O3U Sister of 03A F 42 157, 80 5, 5 5, 5 
OSA proban F 55 67,25 5, 5 5, 5 
O5C brother of OSA M 49 67,25 5, 5 5, 5 
OSV son of 05A M 18 67 5, 5 5, 5 
O9A proban F 31 >112, 25 5, 5 4+, 4+ 
O9U mother of O9A F 57 >112,47 5, 5 5, 5 
12A daughter of 12B F 22 63, 18 4+, 4+ 4+, 4+ 
12U daughter of 12B F 24 >112, >112 5, 5 5, 5 
15A proban M 66 >112, 28 5, 5 4+, 4+ 
15V Sister of 15A F 60 >145, 107 5, 5 5, 5 
16A proban 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+ 
21U 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 qPCR. 

LFC P-value LFC P-value 
Gene (qPCR) (qPCR) (microarray) (microarray) 

PRAMEF1 15.36* 0.008: 1.33 3.90E-04 
TRIM43 12.77: 0.008: 2.59 7.3OE-OS 
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TABLE 4-continued 

Genes tested with qPCR. 

LFC P-value LFC P-value 
Gene (qPCR) (qPCR) (microarray) (microarray) 

SLC34A2 11.30% 0.008: 2.23 4.OOE-04 
TRIM49 11.72% 0.008: 1.68 5.8OE-04 
TC2N 2.96 O.OO2 0.72 S.2OE-OS 
DAG1 -O.73 O.OO2 -0.59 1.2OE-OS 
PAX7 -1.79 O.O27 -O.75 8.4OE-05 
CLYBL -0.5 O.O3 -0.57 4.3OE-04 
MYF5 -1.72 O.O68 -0.91 9.4OE-04 
ZNF445 -O.35 O.069 -0.31 4.1OE-04 
ATP2A1 -1.94 O.O76 -1.82 8.7OE-OS 
CD34 3.29 O.O82 0.79 2.3OE-04 
MRAP2 -O-88 O.129 -O.93 1.3OE-04 
NAAA O.36 O.154 O.S2 1.6OE-04 
CALCRL -0.36 O.342 -1.17 8.4OE-05 
HSPA6 O.83 O.38 O.49 2.90E-04 
SPATA17 -0.04 O.763 -0.49 6.1OE-04 
CD177 O.09 O.88 O.83 8.OOE-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 20.67=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 
ont-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 ordeltoid 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 qPCR study. 
0234. Note that for each of the six genes with p-0.01 in the 
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 SLC34A2: 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 cutoffs 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 overall 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 

SEQUENCE LISTING 

<16 Os NUMBER OF SEO ID NOS: 41 

<21 Os SEQ ID NO 1 
&211s LENGTH: 88 
&212s. TYPE: DNA 

<213> ORGANISM: Homo sapiens 

<4 OOs SEQUENCE: 1 

Jun. 9, 2016 

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 unaf 
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 orportions 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. 

accaagtttic agttcatgta aa catcc tac acticagotgt aatacatgga ttggctggga 60 

ggtggatgtt tactt cagct gacttgga 88 

<21 Os SEQ ID NO 2 
&211s LENGTH: 5904 
&212s. TYPE: DNA 

<213> ORGANISM: Homo sapiens 

<4 OOs SEQUENCE: 2 

aggcagaagic C9gcggcgcg C9gacagcca gttcggcgc.cg C9C9gagctg. gcc.gctggat 60 

tggctgcaac acticgcgtgt caggcggttg ct aggct cog gcc.gc.gc.gcc cc.gc.ccttgc 12O 

gct cagcgcc ct citcaccgc ccggtacgtg ct cqcgc gala ggctg.cggcg cggcgctcgc 18O 
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tttgtgctgc titt actggtgaatcttttitt tottgttaaa tattgtacgc gttct catca SOO 

cCaagttaaa agttacacac caa.gcggaat C caatctgta catgaaagct gtgagagcta 560 

citctitat citt ggtgcc attg cittggcattgaatttgttgct gattic catgg cqacctgaag 62O 

gaaagattgc agaggaggta tatgactaca toatgcacat cct tatgcac titcCagggit C 68O 

ttittggtctic taccatttitc togcttctitta atggagaggit toaa.gcaatt citcagaagaa 74 O 

actggaatca atacaaaatc caatttggaa acagotttitc caact cagaa got ctitcgta 8OO 

gtgcgt Citta cacagtgtca acaat cagtg atggit coagg ttatagt cat gactgtc.cta 86 O 

gtgaac actt aaatggaaaa agcatccatg at attgaaaa tottct citta aaaccagaaa 92 O 

atttatataa ttgaaaatag aaggatggitt gtct cactgt tttgttgcttic ticcita actica 98 O 

aggacttgga cc catgactic togtagccaga agacittcaat attaaatgac tttittgaatg 2O4. O 

t cataaagaa gag cct tcac atgaaattag tagtgtgttgataagagtgt alacatccagc 21OO 

tctatotggg aaaaaagaaa toctdgtttg taatgtttgt cagtaaatac toccactatg 216 O 

Cctgatgtga cqctactaac Ctgacatcac Caagttgttgga attggagaala agcacaatca 222 O 

acttittctga gctggtgtaa gocagttcca gcacaccatt gcatgaattic acaaacaaat 228O 

ggctgtaaaa ctaaacatac atgttgggca tdattct acc cittattgc.cc caa.gagacct 234 O 

agctaagg to tataaacatg aagggaaaat tagcttt tag ttittaaaact ctittatcc.ca 24 OO 

tcttgattgg gCagttgac ttitttittittg CCC agagtgc Citagt cctt tttgtaact a 24 6 O 

c cct citcaaa tdgacaatac Cagaagtgaa titatic cctdc toggctitt citt ttct citatga 252O 

aaagcaactgagtacaattig titatgatcta ct catttgct gacacat cag titatat cittg 2580 

tggcatat co attgttggaaa citggatgaac aggatgtata atatgcaatic ctactitctat 264 O 

at cattagga aaa.cat citta gttgatgcta caaaacacct togt caacct c titcctgtc.tt 27 OO 

accaaacagt giggagggaat tcc tagctgt aaatataaat tttgtc.cct t c catttctac 276 O 

tgtataaa.ca aattagcaat cattittatat aaagaaaatc aatgaaggat ttct tattitt 282O 

cittggaattt totaaaaaga aattgttgaaa aatgagcttg taaatactic c attatttitat 288O 

tittatagt ct caaatcaaat a catacaa.cc tatgtaattt ttaaa.gcaaa tatataatgc 294 O 

aacaatgtgt g tatgttaat atctgatact gitatctgggc tigattittitta aataaaatag 3 OOO 

agtctggaat gctatatttg gtaaatattt taalagacaac cagatgc.cag catcagaagt 3 O 6 O 

ctgtttgaga act aagagaa cagaalacatc tat catalaga tatatttatt ttaaaaacac 312 O 

aagg to act a titt tattgaa tatatttgtt ttgataactic ataccttaat aataggtgtg 318O 

tittgacat at ttctitttittc attittgacaa tdaact caca ttctaatcca gaaattittaa 324 O 

acaact actg tdataaatac caatctgcta cittittataga titt taccc.ca ttaaaatatt 33 OO 

actt tact ga ctitt tact at gtgaagatat at agctittgg aaatgtc.cca ggctatt caa 3360 

gaaatataaa aaactagaag gatactatat ataccatata caatgctitta at attittaat 342O 

agagct actg tatataatac aaattaggga aatacttgaa tatat cattg agaaaaaatt 3480 

attgtcagat citt actgaat tattgtcaga ctitt attaaa taaagataga agaaaac citt 354 O 

gctaatgaat taaagtgaaa tittgcatggg attcagtttic tictaatgtta ttitt.ccgctg 36OO 

aaatct citaa agaacaagaa tdacttcaat tagtaaaagt caattittggg aaaagt catg 366 O 

ggitatctgtt ttittaagtgt gtcaatctga ttaaaatgga tigaaacaaat tact cat cat 372 O 
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aagttgtttic ttaagctgtc. aatatgtcaa tagatggtga gttcagaact tatttcaaat 378 O 

tgctaagaca aattat citaa attcgtaaga attaa catat agaatggtct ggit cagtaca 384 O 

tittataattt atctatgcat gaaaaagtat tdttttgttt gaalacatgaa titt catagoa 3900 

agctgc cata gaaaggaacg caggctgttc tag acct tca act gcctaaa ttatacaaaa 396 O 

att catttta ataaacticaa ttattagcta titt attatto: aaaga cc cat atttaaatcc 4 O2O 

tittgct gacc atgttgacat at at cago: ct tcttctagac aaactgtcaa citct caacca 4 O8O 

t cittgacagt agaagtgaca gtaaaaaatgttgaatgatc agagattata ttaaaataaa 414 O 

catgtaattt toaagtattt ttgttgtgct tittataatat taattictaga t cagattitat 42OO 

tittatagcca gggitttgtct gttgtagagt ctitgaggcgt agcagt catt catgattaat 426 O 

cactgttagt tttgtaccca tatatttitta gaatagittitt aaatgttaga titt ct caaaa 432O 

gctaaatgct acttaatat c tttgt atcat act cataaag caaagtaaat citgacactitt 438 O 

ttittaaag.ca aacttctittg ctgtcaaaaa aataaatttggggaaattitc tagcttittaa 4 44 O 

aatgtagatc togcattttac tdtgattact tdtgaaagtic at attittaat tittctaaatt 4500 

ctaatttgtc attittattitc ctaaagttaa titt coaatgc atttatt cat aaaat attca 456 O 

ttctggaatg cagtgtttgt ttaaatgtaa ticcaatgitat atagaattag tdgtggctgt 462O 

agtgctgt at ttattgctta taattitttitt taaatgtgaa citt acttitta attitt ct citt 468O 

ggittittaatc. tcc tagtaga aac Cactagt tatctgtaaa aatat attca agatattctg 474 O 

atcaattata acaattitatgttatgcctag agtatat citc tatttitttga ttg tatgaaa 48OO 

at attaaagt tatgagttaa agtttattitt cactgatatt tactacagt g c caaataatc 486 O 

taatttataa acataattct tacagtaatc aatgggatac ttct caaaat taacaaatct 492 O 

cittaacaaaa tatat cittitt gcc ct ctitta aagt citt cag taalaccagta aatgaattica 498O 

ataaac caat taagaaaaaa aaaaaa 5 OO6 

<210s, SEQ ID NO 8 
&211s LENGTH: 2288 
&212s. TYPE: DNA 

<213> ORGANISM: Homo sapiens 

<4 OOs, SEQUENCE: 8 

gaagtggagg togagggag cacaatgga aaaat cacct gaaaactggg acagaggaag 6 O 

gaagct acag ttacgaagga gagctgcaaa agttgcagca gaaaggttgg gag toccgac 12 O 

aggttc.cgta gcc cacagaa aagaa.gcaag ggacggCagg actgttt cac acttittctgc 18O 

ttctggaagg togctggacaa aaa catggaa ctaattitccc caa.ca.gtgat tataatcctg 24 O 

ggttgc ctitg citctgttctt act cott cag cqgaagaatt togcgtag acc ccc.gtgcatc 3OO 

aagggctgga titcCttggat tagttgga tittgagtttg ggaaagc.ccc tictagaattit 360 

atagagaaag Caagaatcaa gtatggacca at atttacag tictittgctat gggaalaccga 42O 

atgacctttgttactgaaga agaaggaatt aatgtgtttc taaaatccaa aaaagtagat 48O 

tittgaactag cagtgcaaaa tat cqttitat cqtacagcat caatticcaaa gaatgtctitt 54 O 

ttagcactgc atgaaaaact ctatattatgttgaaaggga aaatggggac ttcaatctic 6OO 

catcagttta Ctgggcaact gactgaagaa ttacatgaac aactggagala tittaggcact 660 

catgggacaa tdgacctgaa caact tagta agacatc toc tittatccagt cacagtgaat 72 O 
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tittcaaac cc agatgctatt gga cacticag atgatgaact tcttaatgct tdactgaagt 162O 

tataatgtca citt cagtggc ctitgagacat caattittgca acg tattitcc titcgtggaaa 168O 

ggatttagat ttaa.ccc.gc acacaaaagc acggtgtttgtgaatataac acctgtcagc 1740 

caactittaga cagatggtaa agaccacatt tdaataagta cacat ctitt catat cittgga 18OO 

tittgcagotg ttgg tact at gtggaaaata ttagaaactt citatgtggala aat attagaa 1860 

actacagagt ttgcgatatt tagatact ga aattitatgtc. aaaataacgg c taggaataa 1920 

ttctgtcaat atggagttga gct tatttct ttggaaacco ttittaagttg ccttgctggc 198O 

tgtgagaatt ttatatgtgg ataacaaaga tagatagata gcatgtaaat tdggttgttgg 2O4. O 

tittggggt ca gtttittaaat gaaat agtag caggaggat tttctgttitt ggaaaac acc 21OO 

attagalacca gaccagctitt gttittgggitt agagagagta agatttgaga act cagtttg 216 O 

ctittaatgaa at cacagaga aacttgg tac ttgtttittct t catttggag got aaaatgt 222 O 

aatgttttitt catt cataca aaataatgga cactic cctaa titc cattatt aaatc.ttgaa 228O 

ggggaagtag caggataatt aatttgctaa gCd catcctic tic agaalaca gaaaaatcta 234 O 

tott cocatc. tcc taaaact cagaatgcac agtaatactt aaggcttgta caagtgtc.tt 24 OO 

cagacc cact ttitt cataca cittgctatat agtag tatgc agtatttata ttatt cotga 246 O 

aaataaaatgaggggagaat attcc ctaag caactggcaa tag tatt cot gaaataccta 252O 

gaaatttcta t ctgaatgag ggaga cactt atgaacacct tat cottaca tat atttgca 258O 

tactitat citc at attttgtg acataattat tta acccaga at actittctg gcaga catac 264 O 

agaaagct ct gtgttgat caa taagggagtg tot catttitt c tact tcc ct ctittctgtgg 27 OO 

gtgacatgat citgaggttct atttgattac taa.gcaaaat citgttacccc tacagggittt 276 O 

agaacctaag tattagagag gaaggctatt taatggalagt tagtgtaagc tigataaaaac 282O 

gtagct accq tacacacaca totaat cactic aattt cotgt ccttittaaat togcccaccct 288O 

ttaattittga agcaattitcc caagtgtgtg tttgttittat atttgtcatc cagtic cattg 294 O 

catttic cata agaaga catt ttgactggct gggtgcggtg gct cacgctt gtaatcc cag 3 OOO 

cactittggga ggctgaggca ggcggat cac gaggt cagga gatggagacic atcCtggcta 3 O 6 O 

acatggtgaa accc.cgt.ctic tactaaaaat acaaaaaatt agcCaggcgt ggtggcacgt. 312 O 

gcctgtagt c cca.gct actic cqgaggctga ggcaggagaa tigcgtgaac cc.gggaggcg 318O 

gaggttgcag tagctgaga tiggcgc.cact gcact coagc Ctaggcaa.ca gagcaag act 324 O 

ccgt.ct caaa aaaaaaaaaa aaaaaaaaag acattittaac taagttatt c acagtagctt 33 OO 

c catgtgctic titagttct at t ctaalacagg cittatttaga aaaggattgc titgitaatgtt 3360 

tgtcatggta Catagaaaac attggaccag agtaggtaaa atgcagt cca tdt CC catcC 342O 

atagocatct acaatagitaa citgcc cacag got ct coaga aaact actac aatggccaag 3480 

tacagtatag gctggaaaga Ccttatctga agg to agaala cattgactica gaaaaaaggt 354 O 

atgaagttctt to cataaaat cittitt cacaa tattact cott atttcttitta gattittaatg 36OO 

agcc attact tat citcttica gaagacittaa gtct tcc titt atact cagtgaaattitcc.ca 366 O 

gaatgtaata citgtcactgt totgccaagt to caat cacc aagat catga ttacgaatcc 372 O 

caatctgaat tctataccca toggtgactict gatgct citca acttittgagt gcct caaaaa 378 O 

atgctaaaac tittggctggg catggtggct cacgc.ctgta atcc.ca.gcac tittgggaggc 384 O 
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Catggcgggt ggalacatttg agggcatgag titcgagacca gcctggccala catggtgaaa 3900 

c cct gttct ct actaaaaata caaaaattag ccaggtgtgg agg tacatgc ctd taatcc c 396 O 

agct acticag gaggctgagg Cagaagaatt gcttgaaccc aggcggcaga ggttgcagtg 4 O2O 

agtc.gagatt gcaccactac act coagcct gggcaacaga gagcgactict Ctcaaaaaaa 4 O8O 

aaaaaaaaaa aaaaaaaaaa agctaactitt atgtc.ttgag agtttgtacc atttittctitt 414 O 

gtag toggtca ccttgctaat gcattagttctgagatattt atc toccitca catgtgtgca 42OO 

aggaagtic cc tittatcgaa tacagatact ttaacaa.gca gacaaag cag aaa.cccaaag 426 O 

tccatactag gaacac ccta aattitt.ccaa aagcaaaagt tot cocqaaa toggagacata 432O 

caaggg actt ttatt attct gttac tagtt totataa.cat ttcttctitt c aacagagtat 438 O 

atgttt coca tttaac ccag agcaa.catta act tcct tag caagt ccagt totaact tcc 4 44 O 

aacaagttcca accactgttt ttgaagagca tat cagtaac tat attalaga tigaaggtaac 4500 

cacatt cqta ttittct caag attagittatt tdaagct cag cagttitttgt gigt cagaaag 456 O 

aaattittgct c tattaaacc aatactgcta atataaaaaa ccaccacact gaagaaacga 462O 

gggaaaggac gggatalagca Cagaacagag aatgactggit totttttgt Ctcaatctag 468O 

ataatc catt caataagaag taaattaatt atcct talacc aatgg taggc tigagaacaac 474. O 

cctcaaaata gat atttittt atgttaaatggggagaaata t citat actitt atgttatact 48OO 

ggataaaaat gtgttttalag totaaaaaaa accagacgag Ctaalactittg cct agtgttgt 486.0 

Ctacaiaccat tttittaggag acgcaggaat acc agggcat aataagat.ca gattggtgta 492 O 

attttgtatgtttittgaaat cott cattaa ttgtagalacc ttgatatgat tagaaacaaa 498O 

ctgt attt ca acaaac aggt ttcag tattt gcacactgaaaaagttgttitt g tattittaac 5040 

tataaatatt toacgitat ct gtatagacca totagaaatg tagaggit citt acago attag 51OO 

aacgaaggaa gtttacatgt gct citat cita tttittctgag cct cittittaa taaagattgc 516 O 

aagaaggcat aaaacaagag tttgtttcct gaagtttitta gtacaattat tdttitt.ccta 522 O 

ttcaaaaact tdggttttac ct caagat.ca tag tattagg aaagtacatt gagttgatac 528 O 

ggacatggga gaacgaaaat aaaac Caggg caattaatat CCttgta agg C caggcgcgg 534 O 

tagct cacgc ctatataa.ca gcactittggg aggccaaggc aggcagat.ca Cttgaagttg 54 OO 

ggagtttgag accaccctgg cca acatggit gaaac cc cat citctatogaaa aatataaaaa 546 O 

ttagctgggc atggtggcag atgcctgtaa t cc cagdtac ttgggaggct gaggcaggag 552O 

aatcgcttga acccgggagg toggaggttgc agtgagctga gat Caggcca to actic cag 558 O 

Cctgggtgac agagtgagac to cqtcticaa aagaaaatcc ttgtgagatgaattic gttct 564 O 

tattt catat acaaggggac tatgtaagat atgggaaata atataatgta cqttattitat st OO 

gtaaatact t t cagtaacaa aaactaacaa at atcaaaaa totgagcct a gacacaaaca 576. O 

attaaatata agc.cat agta totalacctga cittattgaag gCaggaataa aaagaagaga 582O 

gccagaattig attcagtt at ttttgtctitc catagtgttg gcaggg.ccct gcatttctict 588 O 

accttgagca atgaag cagt cccagaattt taatatag aaattaggala ggaaaaacga 594 O 

actittaaaat attaatttag tagaactgaaagtaatgcat tt catgcaac agtaaagtgc 6 OOO 

ttaalacatgg caaagaaaac taagggacaa gataagaaaa atggttggta aagatgggt C 6 O6 O 

a catccagaa gcc caa.cata agctatttitt coat citttitt citgitaccatt taaaagacita 612 O 
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tggagcatgg gcgtcatcct ttacacticta gtggit cqc.cc atctgcc citt tdatgacacc 96.O 

aatctoaaaa agctgctaag agagacticag aaggaggtoa ctitt.cccagc taaccatacc 1 O2O 

atct Cocagg agtgcaagaa cct gatcCtc. Cagatgctac gccaa.gc.cac taa.gc.gtgcc 108 O 

accattctgg acatcatcaa gogatt cotgg gtgct caagt to cagcctga gcaa.cccacc 114 O 

Catgagat.ca ggctgcttga ggc catgtgc cagct coaca acaccactala acagcaccala 12 OO 

t ccttgcaaa ttacgacctgaaaatggctgagggaggggg Ctalagagagg agcaaag.ca.g 126 O 

gaggtottgg gctaaaaatc tttitt tacca aaaataaatc taagtctgat ttagttt cat 132O 

Caaaaaaaaa. 133 O 

<210s, SEQ ID NO 19 
211 LENGTH: 2779 

&212s. TYPE: DNA 

<213> ORGANISM: Homo sapiens 

<4 OOs, SEQUENCE: 19 

ccggggaccg tttgtagtta ggat.ccgctg tdgcgtc.ctg agtggagttt gggaccc.ca.g 6 O 

ggagggaggg ttgggcgtt cqggit coaga ggagctgttt agtat coaag atgaatgaca 12 O 

gcctgtttgt cagtttggac agacittittgc tagaatttgt citt coagtat gagcaagaca 18O 

talagtact aa agaagagatg attcaaagaa ttaataaatg Ctgttgaagat attaaggaaa 24 O 

acaaagtaac tatttgtagg at acacgaala Ctataaatgc alacagatgag galaattgat C 3OO 

attact.gitaa acatagtgag gagattaaag acaactgtag aaactggaag cca acatgtg 360 

atgtttitt cq taalacatgaa gattatatgc aggaccalatt tactgttitat caaggaactg 42O 

ttgaaaaaga caaagaaatg tat catgatt atatatgtca gtataaagaa gttittgaagic 48O 

agtaccaact aaaatactica gaalacaccct titt cacgtga at attatgag aagaaaagag 54 O 

alacatgaaga aattcaaagc agagtgttgg catgtactga acaattaaaa atgaatgaaa 6OO 

caatttittat gaaattitcga gtgcc tigctic cctitt coatc act tact aaa toggactittaa 660 

acattgttaa tittgagatgt gaalacacaag atatt cittaa acatgccagc aatcttacca 72 O 

aaagttcatc cqaattgaag aaagaagtag atgaaatgga aatagaaatt aattatttaa 78O 

accagcagat at Ctaggcat aatgaaacta aggct ctitt C agaaactctg gaagaaaaga 84 O 

acaaaaatac agaaaacaga aaagaactga aagaaagaat ttittggaaaa gatgagcatg 9 OO 

tact tacatt gaataaaact caaag cagtic aattatttct tcc titatgaa tot cagaaat 96.O 

tagtaaga cc aataaagatg catt Cttcag aaccalagagt to agatata aaagaagaaa O2O 

gttctg.cgaa goagtcaaag cittgc caata ttgactittag acaaaaagaa aatgatacac O8O 

agatatttaa tactctgct gtggataacc attcaaaatgttcacatatt acgacitatca 14 O 

caagttcaca aaagtt tatgcaagt cagat tdtta acccc acagaaacaa toaaatticca 2OO 

atcagtggtc ggaaaaaggg gataaagatg Ctgagtatgg agataaaggg acagtalagac 26 O 

aagtaagaga atcaaaatgt actt cacaag ctatatatac togaac attitt gggaagttcaa 32O 

tagaaaatga tagtgatgaa gtagaagaga gagctgagaa ttitt C cacga acgtctgaaa 38O 

titcc tatatt tttaggaact c ccaaagctg tdaaag.cacc tdagt cattg gagaaaataa 44 O 

aatticcictaa aaccc.ccc.cg titcgaaatta acagaaatag aaatgcagta cctdaagttc SOO 

aaacagaaaa goaatc.ccct ggactittctt ttct tatgag titatact tct agat cacctg 560 
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gattgaattt atttgattct tctgt atttg atacagaaat ct catcagat cagtttaatg 162O 

aacattatt c togcaagaaat ctaaatcct c tdt catcaga gcaa.gagatt ggaaacttac 168O 

ttgagaagcc agaaggagaa gatggctitta catttitc.ttt to catcagac acttcaactic 1740 

atacatttgg agctggaaaa gatgattitta gttitt coatt tt catttgga cagggit caaa 18OO 

attcaatacc ttcttcttct ttaaaaggitt titt catc.ttic ct cacaaaat acaacacagt 1860 

ttacttittitt ttgagctagt cattaatticci ttaaattatt ttactgttct gtgttcatga 1920 

gggcataa at ttacattatt gcttaaaa.ca tdaag actgc titt cittittat tdattaaagc 198O 

agtaatgttt acattatttg attatattta ttgaaatatt gaaatactga at attittggg 2O4. O 

ttttgttgttgt gct attaact aat cattatt tattittggitt ttgattittgc gagcc.gtggit 21OO 

cagg tagaac titt tattaat cittaatagaa tittgatgctt ttitt cattac tott tattta 216 O 

aat attaa.gc ctdcttct cottggalaccta aggtttittitt citggaagitat tdttgg tact 222 O 

ttgataagaa caagaactgc agtag taact C cagagttag tictaagcg tactittagct 228O 

actaaaaatt totattaaaa ttattgggitt to acttctgc titcactatot agtatacaga 234 O 

gtgg tact.gt aataataatt toaaataatt tatgttaata acaaaatctg tdttattitt c 24 OO 

ttctaatata acacatggta caattictaat tittatgagtt atgctaatgc tittcaatggc 246 O 

taaaaattaa atgtaaaggg caagagtaat ttctgaaaat tattgttg tat cagtggit 252O 

gatcctgtta at attcttitt ttgct taaat atttitttgaa gaa catttac aattttgtct 258O 

ccttcaataa caaaaattitc ttctittatgt tttgttgttca gtatttgtca attaattata 264 O 

tagcttaagt gaagatattt aagatttgat gaactitctgt aaa cattttg ct caat atca 27 OO 

ttgt attittg togctttgtaa attagctgta citgagttacc aagtaataaa goggtttgact 276 O 

C Caaaaaaaa aaaaaaaaa. 2779 

<210s, SEQ ID NO 2 O 
&211s LENGTH: 4144 
&212s. TYPE: DNA 

<213> ORGANISM: Homo sapiens 

<4 OOs, SEQUENCE: 2O 

ggaccggaag taagtggit Ctt CCaaggc titttttgc.cg Ctggtgtcag gag tattitt C 6 O 

at attic caat accgataa at Ctttgaggitt t ctgggtgtc. tctggggagc ccctgggc.ca 12 O 

gattitt cotc tag act coag cc catctott cagagcagot ctdcttgagt to acagatga 18O 

Ctgccaagct tcagacac cc tacagaaaaa gggttgagac C cagtgtggc catgc.ca.gct 24 O 

aattgg acct cacct cagaa atcct cagcc ctdgctic cag aggat catgg cagct cotat 3OO 

gagtgttaac Cttgatgcct gaaagaactg. galaattatga agatagatt C agaagttcaaa 360 

tatgttaact aactgcattg aagagtagaa gaaaacaata gcc taggat.c agtgtcc titc 42O 

agggatgtgg ct atcgattt cagcagagag gaatggcggc acctggaccc ttcticagaga 48O 

alacctgtacc gggatgtgat gctggagacic tacagccacc tict ct cagt aggat at Caa 54 O 

gttcctgaag cagaggtggit catgttggag caaggaaagg alaccatgggc actgcagggit 6OO 

gagaggccac git cagagctg. CCC aggagag aaattatggg accataatca atgtagaaaa 660 

atcc to agitt ataaacaagt atcct citcaa cct caaaaaa totaticcitgg ggagaaagct 72 O 

tatgaatgcg ccaaatttga aaagatatt c acccagaagt cacagct caa agtacacctg 78O 
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aaagttcttg Caggagaaaa gCtctatgta to attgaat gtgggaaggc titttgtacag 84 O 

aagc.ca.gaat ttattataca ccagaaaacc catatgagag agaaaccctt taaatgcaat 9 OO 

gaatgtggaa aatcctttitt toaagtgtcg tocct ct tca gigcatcagag aatt catacc 96.O 

ggagagaaac totatgaatg cagcc agtgt gggaaaggct tct Cttatala Ctcagat ct c O2O 

agtata catg agaaaattica tactggagag agacaccatgaatgcactga Ctgtggcaaa O8O 

gcattcacac aaaagt ccac act caagatg catcagaaaa to catacagg cdagagatcc 14 O 

tacatctgta ttgaatgcgg acaggcct tc atccagaaga cc catttgat tdcacac cqa 2OO 

agaatt cata citggagaaaa accatatgag tdcagtaact gtggcaaatc citt catttcc 26 O 

aagt cacaac titcagg taca toaacgtgtt cacacaagag togaag.ccct a tatatgtacc 32O 

gaatatggga aggtott cag caataatticc aacct cqtta cacataagaa agttcaaagt 38O 

agagagaaat Ctt Coatatg tactgagtgt gggaaggcct ttacctacag gtcagagttg 44 O 

attatt catc agagaattica cactggagag aaacct tatgaatgcagtga Ctgtgggaaa SOO 

gcct tcactic agaagt cagc act cacagtg cat cagagaa tt catacagg agaaaaatcg 560 

tatatatgca tdaaatgtgg actggcct tc attcagaagg cacacttgat tdcacat caa 62O 

ataatt cata citggagagaa acct catalaa tdtggtcact gtgggaaatt gtttacctic c 68O 

aagt cqcaac to catgttca taaacgaatt cacacaggag aaaag.ccct a tatgtgcaat 74 O 

aaatgtggga aggcattcac Caac C9gtCa aatct Catta Cacat Cagala aact cataca 800 

ggagagaaat Cttatatatgttccaaatgt ggaaaggcct t cacccagag gtcagacittg 86 O 

attaca catc agagaatcca tactggggag aagcc titatgaatgcaatac ttgttggaaaa 92 O 

gcct tcactic agaagt caca cct caatata catcagaaaa titcacactgg agagaga cag 98 O 

tatgaatgcc acgaatgtgg gaaagcct tc aaccagaaat caatact cat tdttcat cag 2O4. O 

aaaatt cata Caggagagaa accctatgta to actgagt gtggaagagc titt catcc.gc 21OO 

aagttcaaact ttattact catcaaagaatt catactggag agaagiccitta tdaatgcagt 216 O 

gactgtggga agt cctttac ctic caagttct cagct cotgg togcatcagoc agttcacaca 222 O 

ggagagaaac Cctatgtgtg to cagtgc gggaaggcct ttagtggcag gtcaaatctic 228O 

agtaag cacc agaaaactica taccggagaa aagcc ctaca tttgttctga atgtgggaag 234 O 

acctitt cqac agaagt caga gttgattaca cat cacagaa tt catactgg agaga aacct 24 OO 

tatgagtgca gtgactgtgg gaagt ctitt.c act aaaaaat cacagct coa agtgcatcag 246 O 

cgaatt caca Ctggagagaa gCCttacgtg ttgctgagt gtgggaaggc Ctt tactgac 252O 

aggit coaatt togaataaa.ca toaga caa.ca cacactggag acaaaccct a caagtgtggc 2580 

atctgtggga aaggct tcgt t cagaaatca gtgttcagog to cat cagag cagcc acgct 264 O 

tgagagaaac agtgtgagaa aaccoccctgagggttgggit Ctgattgtac actgttgcac 27 OO 

gcatgcagca gaaaaatatg tat attattg taaatagaaa taccacago agaatgtcac 276 O 

acatggctgt totggagagg gcct ctgaga aggcactgaa taggcgagg gaccct tcct 282O 

acattgtcac catc.cccagt aaaccttggg to attatt ca tactgacaag gaaccagtic 288O 

aatttggtga ataggaaaag cct tct catgaaaactacaa tagaatact g ttaccaaatt 294 O 

ctitcctaaga aagat.cgitat taagttaacg ataatcc tigt ttact.gtgga ttagg tatag 3 OOO 

tgccaacaaa ttgaatgata aaacaacata atacg tagtt attittgatag tdatgaatcc 3 O 6 O 
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atttgctatt aaacttcaaa atctacaaac totaagacitt gtatttalaga ttcaaac cca 32O 

gact cocagg aagaaaac cattggagaatg ct caatgtca citcagaacco ttago acaca 38O 

ggaaatggat tact ctittgg atata acacic acct tcaaaa atttctgttt gcc atgcaga 44 O 

actitgaattig goggacttgtt ttcaa.gcagt aaatagoaga attcagttac aaattcttga SOO 

ggcacggtac Ctt coaa.gct cat Caacacic tictgactittg agtttitt tog talaggtggg 560 

aatgtttagc ticgggaga.gt tatttataa gaaaaagaca CdCtt actga aggcctic caa 62O 

tggaagagtic aagtggggag agact atgat ttitt C cactt atacagagtgaaaaagaaat 68O 

tgtttittctic attaagctitt acagt cqaag citctgtaaga agaaaac act ttgtgggc.ca 74 O 

gatttggata agtgaagaca gtaataac at talagcagtg alaccagtgga aagagacagt 8OO 

aataaatcca gaaaaggttg titat caggtg gcacaaatta aatc.cat citt gaagactitca 86 O 

cacattaatt toggtgaagaa cittgacattc ttittagaaga cittatgattt caatttgcta 92 O 

c caatgagaa gaggcaaatc aacaa atttgttcaattitatgggggctataa titatggtata 98 O 

taatgitat ct gatagaaaat ttgataagaa aatgtaatga attittat cag at atccaaag 2O4. O 

taaaggaaat gttittaaaac togcaacaaga gacacagaca gtaaaat caa agtatt atta 21OO 

ggatgactaa ataaattata aagtctgttga gaatat caac catagatagt totttctata 216 O 

titatgtttitt gcttttgt at tittaa.gctitt acttagatat tcaaaacct g g tatat caag 222 O 

t citctgttag tact attggc atttagaaga Ctttaccatt atttcagtgc taggcattat 228O 

tgattagg to ttggct coac tdtttacctic ttgctatgta ttittct c ccg gtaaaaatga 234 O 

attgaaccat ttcaactatt ttctatattt ggagaaagtt tdtgc cctdt gttittataat 24 OO 

tttitttaccc ataaga catc acattatc cc tttgtaagct actitat citcc aaaaaacttic 246 O 

agaaatagaa alactacattt to aggaat aattgaaaac accagaaggit taagtttala 252O 

ttggaaac cc agaatataca tactittgctg ttittct tcc.c. tcaaatattt tact atttgt 2580 

tittatttgga gttaaaataa gagtat catc catatggtcc atcctaattic acaga attaa 264 O 

atgagcttaa atagaaaatt cagtattitta tdata at cac titcgtttitta gtttittaaaa 27 OO 

tittagattat tctataattt accqtgtttg agtattittct catttittitt catalaccatac 276 O 

citgattatac tdtgtaacaa at attittcta ttgcagttitt ctitt.ccagta citt attagaa 282O 

cticagtattt ggaaataatt to agcttaat tdaccataag aactgtggcc aaaaagaaca 288O 

gttttittgga gaggcagatg acattatacc tdattittaga aaatctoact ttatttittgc 294 O 

taataagtag actaagtgct ctdtgttct c agt ct tccct ttttitt citgc ccc catt citt 3 OOO 

actttgtc.cc aggcatgcag agaaagatgg tatattitta ggcCaggagt ataccttgct 3 O 6 O 

at aacctaag catgcc ttct ttatt coagc ticcitatgttctgttgtatatic attaa cattt 312 O 

t cccaaataa acacttaatt citcttitt.ccc taggtgc cat citcct caagc tacaaaatgt 318O 

ccacat citta tat cocctitt gct to tactg citctgattitt gtgg taccag tact citctgc 324 O 

cactgaac at tittgaaat at ttttgttitta gatttgcaaa aaatgacata taggit cagta 33 OO 

ct cacatgga tttittaagat aaatcacctg tdtgataata ttittgaatct gagacgaata 3360 

caacttittaa aaattgttitt taaaaataga ctitttitttitt tagagcagtt gtaggittaac 342O 

agaaaaattig agaggaagat agagatttico tttct cocct gacaaag.ccc ticaacagoct 3480 

cc.caggctat cagtat cotg caccacaatig gtacatttgt tacaatcaat gaacct actic 354 O 












































