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COMPOSITIONS FORTREATING 
MUSCULAR DYSTROPHY 

RELATED APPLICATIONS 

0001. This application claims priority to U.S. Provisional 
Application No. 61/793,463, filed on Mar. 15, 2013, entitled 
COMPOSITIONS FOR TREATING MUSCULAR DYS 
TROPHY”. The entire contents of the foregoing application 
are incorporated herein by reference. 

STATEMENT REGARDING SEQUENCE 
LISTING 

0002 The instant application contains a Sequence Listing 
which has been submitted in computer readable form (CRF) 
via EFS-Web and is hereby incorporated by reference in its 
entirety. Said CRF, created on Jul. 22, 2014, is named AVN 
012 A Sequence Listing..txt and is 187 Kilobytes in size. The 
Sequence Listing is being submitted by EFS Web and is 
hereby incorporated by reference into the specification. 

FIELD OF THE INVENTION 

0003. The present invention relates to improved methods 
for treating muscular dystrophy in a patient. It also provides 
compositions suitable for facilitating exon skipping in the 
human dystrophin gene. 

BACKGROUND OF THE INVENTION 

0004 Antisense technologies are being developed using a 
range of chemistries to affect gene expression at a variety of 
different levels (transcription, splicing, stability, translation). 
Much of that research has focused on the use of antisense 
compounds to corrector compensate for abnormal or disease 
associated genes in a wide range of indications. Antisense 
molecules are able to inhibit gene expression with specificity, 
and because of this, many research efforts concerning oligo 
nucleotides as modulators of gene expression have focused 
on inhibiting the expression of targeted genes or the function 
of cis-acting elements. The antisense oligonucleotides are 
typically directed against RNA, either the sense Strand (e.g., 
mRNA), or minus-strand in the case of some viral RNA 
targets. To achieve a desired effect of specific gene down 
regulation, the oligonucleotides generally either promote the 
decay of the targeted mRNA, block translation of the mRNA 
or block the function of cis-acting RNA elements, thereby 
effectively preventing either de novo synthesis of the target 
protein or replication of the viral RNA. 
0005. However, such techniques are not useful where the 
object is to up-regulate production of the native protein or 
compensate for mutations that induce premature termination 
of translation, Such as nonsense or frame-shifting mutations. 
In these cases, the defective gene transcript should not be 
Subjected to targeted degradation or steric inhibition, so the 
antisense oligonucleotide chemistry should not promote tar 
get mRNA decay or block translation. 
0006. In a variety of genetic diseases, the effects of muta 
tions on the eventual expression of a gene can be modulated 
through a process of targeted exon skipping during the splic 
ing process. The splicing process is directed by complex 
multi-component machinery that brings adjacent exon-intron 
junctions in pre-mRNA into close proximity and performs 
cleavage of phosphodiester bonds at the ends of the introns 
with their subsequent reformation between exons that are to 
be spliced together. This complex and highly precise process 

Nov. 6, 2014 

is mediated by sequence motifs in the pre-mRNA that are 
relatively short, semi-conserved RNA segments to which 
various nuclear splicing factors that are then involved in the 
splicing reactions bind. By changing the way the splicing 
machinery reads or recognizes the motifs involved in pre 
mRNA processing, it is possible to create differentially 
spliced mRNA molecules. It has now been recognized that the 
majority of human genes are alternatively spliced during nor 
mal gene expression, although the mechanisms involved have 
not been identified. Bennett et al. (U.S. Pat. No. 6,210,892) 
describe antisense modulation of wild-type cellular mRNA 
processing using antisense oligonucleotide analogs that do 
not induce RNAse H-mediated cleavage of the target RNA. 
This finds utility in being able to generate alternatively 
spliced mRNAS that lack specific exons (e.g., as described by 
(Sazani, Kole, et al. 2007) for the generation of soluble TNF 
Superfamily receptors that lack exons encoding membrane 
spanning domains. 
0007. In cases where a normally functional protein is pre 
maturely terminated because of mutations therein, a means 
for restoring some functional protein production through 
antisense technology has been shown to be possible through 
intervention during the splicing processes, and that if exons 
associated with disease-causing mutations can be specifically 
deleted from Some genes, a shortened protein product can 
Sometimes be produced that has similar biological properties 
of the native protein or has sufficient biological activity to 
ameliorate the disease caused by mutations associated with 
the exon (see e.g., Sierakowska, Sambade et al. 1996; Wilton, 
Lloyd et al. 1999: Van Deutekom, Bremmer-Bout et al. 2001; 
Lu, Mann et al. 2003: Aartsma-Rus, Janson et al. 2004). Kole 
et al. (U.S. Pat. Nos. 5,627,274; 5,916,808; 5,976,879; and 
5,665.593) disclose methods of combating aberrant splicing 
using modified antisense oligonucleotide analogs that do not 
promote decay of the targeted pre-mRNA. Bennett et al. (U.S. 
Pat. No. 6,210,892) describe antisense modulation of wild 
type cellular mRNA processing also using antisense oligo 
nucleotide analogs that do not induce RNAse H-mediated 
cleavage of the target RNA. 
0008. The process of targeted exon skipping is likely to be 
particularly useful in long genes where there are many exons 
and introns, where there is redundancy in the genetic consti 
tution of the exons or where a protein is able to function 
without one or more particular exons. Efforts to redirect gene 
processing for the treatment of genetic diseases associated 
with truncations caused by mutations in various genes have 
focused on the use of antisense oligonucleotides that either: 
(1) fully or partially overlap with the elements involved in the 
splicing process; or (2) bind to the pre-mRNA at a position 
sufficiently close to the element to disrupt the binding and 
function of the splicing factors that would normally mediate 
a particular splicing reaction which occurs at that element. 
0009 Duchenne muscular dystrophy (DMD) is caused by 
a defect in the expression of the protein dystrophin. The gene 
encoding the protein contains 79 exons spread out over more 
than 2 million nucleotides of DNA. Any exonic mutation that 
changes the reading frame of the exon, or introduces a stop 
codon, or is characterized by removal of an entire out of frame 
exon or exons, or duplications of one or more exons, has the 
potential to disrupt production of functional dystrophin, 
resulting in DMD. 
0010 Disease onset can be documented at birth with 
elevated creatine kinase levels, and significant motor deficits 
may be present in the first year of life. By the age of seven or 
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eight, most patients with DMD have an increasingly labored 
gait and are losing the ability to rise from the floor and climb 
stairs; by ages 10 to 14, most are wheelchair-dependent. 
DMD is uniformly fatal; affected individuals typically die of 
respiratory and/or cardiac failure in their late teens or early 
20s. The continuous progression of DMD allows for thera 
peutic intervention at all stages of the disease; however, treat 
ment is currently limited to glucocorticoids, which are asso 
ciated with numerous side effects including weight gain, 
behavioral changes, pubertal changes, osteoporosis, Cushin 
goid facies, growth inhibition, and cataracts. Consequently, 
developing better therapies to treat the underlying cause of 
this disease is imperative. 
0011. A less severe form of muscular dystrophy, Becker 
muscular dystrophy (BMD) has been found to arise where a 
mutation, typically a deletion of one or more exons, results in 
a correct reading frame along the entire dystrophin transcript, 
such that translation of mRNA into protein is not prematurely 
terminated. If the joining of the upstream and downstream 
exons in the processing of a mutated dystrophin pre-mRNA 
maintains the correct reading frame of the gene, the result is 
an mRNA coding for a protein with a short internal deletion 
that retains some activity, resulting in a Becker phenotype. 
0012 For many years it has been known that deletions of 
an exon or exons which do not alter the reading frame of a 
dystrophin protein would give rise to a BMD phenotype, 
whereas an exon deletion that causes a frame-shift will give 
rise to DMD (Monaco, Bertelson et al. 1988). In general, 
dystrophin mutations including point mutations and exon 
deletions that change the reading frame and thus interrupt 
proper protein translation result in DMD. It should also be 
noted that some BMD and DMD patients have exon deletions 
covering multiple exons. 
0013 Modulation of mutant dystrophin pre-mRNA splic 
ing with antisense oligoribonucleotides has been reported 
both in vitro and in vivo (see e.g., Matsuo, Masumura et al. 
1991; Takeshima, Nishio et al. 1995; Pramono, Takeshima et 
al. 1996; Dunckley, Eperonetal. 1997; Dunckley, Manoharan 
et al. 1998; Errington, Mann et al. 2003). 
0014. The first example of specific and reproducible exon 
skipping in the mdx mouse model was reported by Wilton et 
al. (Wilton, Lloyd et al. 1999). By directing an antisense 
molecule to the donor splice site, consistent and efficient exon 
23 skipping was induced in the dystrophin mRNA within 6 
hours of treatment of the cultured cells. Wilton et al. also 
describe targeting the acceptor region of the mouse dystro 
phin pre-mRNA with longer antisense oligonucleotides. 
While the first antisense oligonucleotide directed at the intron 
23 donor splice site induced consistent exon skipping in pri 
mary cultured myoblasts, this compound was found to be 
much less efficient in immortalized cell cultures expressing 
higher levels of dystrophin. However, with refined targeting 
and antisense oligonucleotide design, the efficiency of spe 
cific exon removal was increased by almost an order of mag 
nitude (Mann, Honeyman et al. 2002). 
0015 Recent studies have begun to address the challenge 
of achieving Sustained dystrophin expression accompanied 
by minimal adverse effects in tissues affected by the absence 
of dystrophin. Intramuscular injection of an antisense oligo 
nucleotide targeted to exon 51 (PRO051) into the tibialis 
anterior muscle in four patients with DMD resulted in specific 
skipping of exon 51 without any clinically apparent adverse 
effects (Mann, Honeyman et al. 2002; van Deutekom, Janson 
et al. 2007). Studies looking at systemic delivery of an anti 
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sense phosphorodiamidate morpholino oligomer conjugated 
to a cell-penetrating peptide (PPMO) targeted to exon 23 in 
mdx mice produced high and Sustained dystrophin protein 
production in skeletal and cardiac muscles without detectable 
toxicity (Jearawiriyapaisarn, Moulton et al. 2008; Wu, Moul 
ton et al. 2008: Yin, Moulton et al. 2008). 
0016 Recent clinical trials testing the safety and efficacy 
of splice switching oligonucleotides (SSOs) for the treatment 
of DMD are based on SSO technology to induce alternative 
splicing of pre-mRNAs by steric blockade of the spliceosome 
(Cirak et al., 2011; Goemans et al., 2011; Kinali et al., 2009; 
van Deutekom et al., 2007). However, despite these suc 
cesses, the pharmacological options available for treating 
DMD are limited. Notably, an antisense oligonucleotide 
(drisapersen), which utilizes a negatively charged phospho 
rothioate backbone, has been associated in clinical trials with 
proteinuria, increased urinary al-microglobulin, thrombocy 
topenia and injection site reactions, such as erythema and 
inflammation. 
0017 Thus, there remains a need for improved composi 
tions and methods for treating muscular dystrophy, Such as 
DMD and BMD in patients. 

SUMMARY OF THE INVENTION 

0018. The present invention is based, at least in part, on 
compelling evidence of a therapeutic effect of an exon skip 
ping antisense oligonucleotide, eteplirsen, which represents a 
major advance in the treatment of DMD by addressing the 
underlying cause of the disease. The novel finding that treat 
ment with an exon 51 skipping antisense oligonucleotide, 
eteplirsen, produced reliable increases in novel dystrophin 
and stabilized walking ability (e.g., stabilization of ambula 
tion), as measured by the 6 Minute Walk Test (6MWT), 
underscores the potential alter the course of the disease. Sig 
nificantly, no drug-related adverse events were seen in 576 
infusions administered over one year. When applied to other 
exons, the use of exon skipping antisense oligonucleotides 
could treat an estimated 70% to 80% of patients who have 
DMD due to a deletion in the dystrophin gene. 
0019. Accordingly, the present invention relates to meth 
ods of treating Duchenne muscular dystrophy (DMD) or 
Becker muscular dystrophy (BMD) in patients by adminis 
tering an effective amount of a composition comprising an 
antisense oligonucleotide of 20 to 50 nucleotides in length 
comprising at least 10 consecutive nucleotides complemen 
tary to a target region in an exon of the human dystrophin gene 
to specifically hybridize to the target region, induce exon 
skipping, and thereby treat the disease. In one embodiment, 
an effective amount is at least 20 mg/kg for a period of time 
sufficient to increase the number of dystrophin-positive fibers 
in a Subject to at least 20% of normal, and stabilize, maintain, 
or improve walking distance from a 20% deficit, for example 
in a 6 MWT. in the patient, relative to a healthy peer. In 
another embodiment, an effective amount is at least 20 mg/kg 
to about 30 mg/kg, about 25 mg/kg to about 30 mg/kg, or 
about 30 mg/kg to about 50 mg/kg. In yet another embodi 
ment, an effective amount is about 30 mg/kg or about 50 
mg/kg. 
0020. In another aspect, an effective amount is at least 20 
mg/kg, about 25 mg/kg, about 30 mg/kg, or about 30 mg/kg to 
about 50 mg/kg, for at least 24 weeks, at least 36 weeks, or at 
least 48 weeks, to thereby increase the number of dystrophin 
positive fibers in a subject to at least 20%, about 30%, about 
40%, about 50%, about 60%, about 70%, about 80%, about 
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90%, about 95% of normal, and stabilize or improve walking 
distance from a 20% deficit, for example in a 6 MWT. in the 
patient relative to a healthy peer. In one embodiment, treat 
ment increases the number of dystrophin-positive fibers to 
20-60%, or 30-50% of normal in the patient. In some embodi 
ments, treatment is by Systemic administration, Such as once 
weekly by infusion. In other embodiments, treatment 
includes administering another therapeutic agent, such as a 
steroid to the subject. 
0021. In another aspect, the present invention provides a 
method of treating DMD or BMD in a patient by administer 
ing about 30 mg/kg to about 50 mg/kg of a composition 
comprising an antisense oligonucleotide of 20 to 50 nucle 
otides in length comprising at least 10 consecutive nucle 
otides complementary to a target region in an exon of the 
human dystrophin gene, wherein the antisense oligonucle 
otide specifically hybridizes to the target region inducing 
exon skipping, thereby treating the Subject. In one embodi 
ment, the antisense oligonucleotide is substantially 
uncharged. In another embodiment, the antisense oligonucle 
otide comprises morpholino subunits linked by phosphorus 
containing intersubunit linkages joining a morpholino nitro 
gen of one subunit to a 5' exocyclic carbon of an adjacent 
Subunit. In yet another embodiment, the antisense oligonucle 
otide comprises morpholino subunits linked by substantially 
uncharged phosphorus-containing intersubunit linkages join 
ing a morpholino nitrogen of one subunit to a 5' exocyclic 
carbon of an adjacent Subunit. In other aspects, the antisense 
oligonucleotide comprises morpholino subunits and phos 
phorodiamidate intersubunit linkages. 
0022. In some embodiments, the antisense oligonucle 
otide is 20 to 50, 30 to 50, or 20 to 30 nucleotides in length 
comprising at least 10, 12, 15, 17, or 20 consecutive nucle 
otides complementary to a target region in an exon of the 
human dystrophin gene selected from the group consisting of 
exon 51, exon 50, exon 53, exon 45, exon 46, exon 44, exon 
52, exon 55 and exon 8. In one embodiment, the antisense is 
20 to 50, 30 to 50, or 20 to 30 nucleotides in length and 
includes at least 20 consecutive nucleotides eteplirsen (SEQ 
ID NO: 1). In another embodiment, the antisense oligonucle 
otide is 20 to 50, 30 to 50, or 20 to 30 nucleotides in length and 
includes at least 10, 12, 15, 17, or 20 consecutive nucleotides 
of the antisense oligonucleotide set forth as SEQ ID NO: 2, 
SEQID NO:3, SEQID NO:4, SEQID NO:5, SEQID NO: 
6, SEQID NO: 7, SEQID NO: 8, or SEQID NO: 9. In yet 
another embodiment, the antisense oligonucleotide is 20 to 
50, 30 to 50, or 20 to 30 nucleotides in length and includes at 
least 10, 12, 15, 17, or 20 consecutive nucleotides of a nucle 
otide sequences set forth in Tables 3 and 4, wherein uracil 
bases in the antisense oligonucleotide are optionally thymine 
bases. 

0023. In one embodiment, the composition includes etep 
lirsen (SEQ ID NO: 1), and, optionally, a pharmaceutically 
acceptable carrier. In another embodiment, the composition 
includes an antisense oligonucleotide selected from the group 
consisting of SEQID NOS: 1-9, such as SEQID NO: 1, SEQ 
IDNO: 2, SEQIDNO:3, SEQIDNO:4, SEQIDNO:5, SEQ 
ID NO: 6, SEQID NO: 7, SEQID NO: 8, and SEQID NO:9. 
In yet another embodiment, the antisense oligonucleotide is 
any one or a combination of the nucleotide sequences set forth 
in Tables 3 and 4, wherein uracil bases in the antisense oli 
gonucleotide are optionally thymine bases. In some aspects, 
the antisense oligonucleotide is chemically linked to one or 
more moieties or conjugates that enhance the activity, cellular 
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distribution, or cellular uptake of the antisense oligonucle 
otide, such as an arginine-rich peptide. 
0024. In another aspect, the present invention provides a 
method of treating DMD or BMD in a patient by administer 
ing at least 20 mg/kg of a composition comprising eteplirsen 
(SEQID NO: 1) for a period of time sufficient to increase the 
number of dystrophin-positive fibers in a subject to at least 
about 20% of normal, and stabilize or improve walking dis 
tance from a 20% deficit, for example in a 6 MWT. in the 
patient, relative to a healthy peer. In another embodiment, an 
effective amount is at least 20 mg/kg to about 30 mg/kg, about 
25 mg/kg to about 30 mg/kg, or about 30 mg/kg to about 50 
mg/kg of a composition comprising eteplirsen (SEQID NO: 
1), and, optionally, a pharmaceutically acceptable carrier, 
Such as phosphate-buffered saline. 
0025. In another aspect, an effective amount of a compo 
sition comprising eteplirsen (SEQ ID NO: 1) is at least 20 
mg/kg, about 25 mg/kg, about 30 mg/kg, or about 30 mg/kg to 
about 50 mg/kg, for at least 24 weeks, at least 36 weeks, or at 
least 48 weeks, to thereby increase the number of dystrophin 
positive fibers in a subject to at least about 20%, about 30%, 
about 40%, about 50%, about 60%, about 70%, about 80%, 
about 90%, about 95% of normal, and stabilize or improve 
walking distance from a 20% deficit, for example in a 6 MWT. 
in the patient relative to a healthy peer. In some embodiments, 
treatment with antisense oligonucleotides of the present 
invention slows or reduces the loss of ambulation that would 
be expected without treatment. In some embodiments, treat 
ment with the antisense oligonucleotides of the present inven 
tion stabilizes, maintains, or increases a stable walking dis 
tance in a patient. For example, treatment may increase the 
stable walking distance in the patient from baseline to greater 
than 3, 5, 6,7,8,9, 10, 15, 20, 25, 30 or 50 meters (including 
all integers in between). 

BRIEF DESCRIPTION OF THE FIGURES 

0026. The patent or application file contains at least one 
drawing executed in color. Copies of this patent or patent 
application publication with color drawing(s) will be pro 
vided by the Office upon request and payment of the neces 
sary fee. 
0027 FIG. 1A shows an exemplary morpholino oligomer 
structure with a phosphorodiamidate linkage. 
0028 FIG. 1B shows a conjugate of an arginine-rich pep 
tide and an antisense oligomer, in accordance with an 
embodiment of the invention. 
0029 FIG. 1C shows a conjugate as in FIG. 1B, wherein 
the backbone linkages contain one or more positively charged 
groups. 
0030 FIGS. 1D-G show the repeating subunit segment of 
exemplary morpholino oligonucleotides, designated D 
through G. 
0031 FIG. 2 is a schematic representation of the study 
design for treating DMD patients. Twelve DMD patients were 
randomized to one of three cohorts in the double-blind, pla 
cebo-controlled study, 201: Cohort 1, eteplirsen 30 mg/kg/ 
wk; Cohort 2, eteplirsen 50 mg/kg/wk; and Cohort 3, placebo/ 
delayed eteplirsen. At week 25, placebo-treated patients in 
Cohort 3 switched to open-label treatment with 30 or 50 
mg/kg/week eteplirsen. Patients were maintained on their 
same dose of eteplirsen under the open-label extension study, 
202. Muscle Biopsies. Patients underwent biceps biopsies at 
baseline and deltoid biopsies at week 48 for analysis of dys 
trophin. Additional biceps biopsies were obtained at week 12 
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(from patients in Cohort 2 and two patients in Cohort 3) or 
week 24 (from patients in Cohort 1 and two patients in Cohort 
3). Efficacy Evaluations. The 6MWT was used as a functional 
outcome measure and was performed pre-treatment and every 
12 weeks post treatment through week 48. 
0032 FIG. 3 depicts dystrophin-positive muscle fibers 
after 12, 24, and 48 weeks of eteplirsen. Panels A and B show 
the mean absolute change from baseline in the percentage of 
dystrophin-positive fibers at weeks 12, 24, and week 48 by 
treatment group. In Panel A: P-value is for comparison 
between eteplirsen and placebo using the pooled results from 
weeks 12 and 24, and is based on an analysis of covariance 
model for ranked data with treatment as a fixed effect and 
baseline value and time since DMD diagnosis as covariates. 
Mean changes shown are based on descriptive statistics. 
P-value is from a paired t-test comparing the week 48 value 

to baseline. Results from the placebo-treated patients biop 
sied at weeks 12 and 24 are pooled. SPlacebo/delayed etep 
lirsen patients began receiving eteplirsen at week 25 and had 
received a total of 24 doses at week 48. Abbreviations: 
BL-baseline: NA not applicable; ND=not done; NS not 
significant; SE-standard error. 
0033 FIG. 4 shows the effects of eteplirsen on the dystro 
phin-associated glycoprotein complex. (A) Representative 
examples of time-dependent increases in dystrophin-positive 
fibers in relation to treatment for all participating study 
patients. (B) nNOS LL staining in muscle from DMD (a) and 
normal (c) control patients (not in study), and from patient 6 
at baseline (b) and week 48 (d), demonstrates restoration of 
nNOSL binding with eteplirsen. B-sarcoglycan (e) and 
Y-sarcoglycan (f) staining in patient 6 at week 48 demonstrate 
restoration of the sarcoglycan complex with eteplirsen. (C) 
RT-PCR shows skipped product (289 bp) post-treatment in 
the muscle of patient 12. 
0034 FIG.5 graphically depicts the functional efficacy of 
eteplirsen. The dark purple line shows the change from base 
line in distance walked on the 6MWT over time for the 6 
evaluable patients who received eteplirsen from the start of 
201 (two boys were unable to at or beyond week 24 were 
excluded from this analysis). The gray line shows change 
from baseline in distance walked on the 6MWT for the 4 
patients who received placebo for the first 24 weeks and 
eteplirsen for the last 24 weeks. 

DETAILED DESCRIPTION 

0035 Embodiments of the present invention relate to 
improved methods for treating muscular dystrophy, such as 
DMD and BMD, by administering antisense compounds that 
are specifically designed to induce exon skipping in the 
human dystrophin gene. Dystrophin plays a vital role in 
muscle function, and various muscle-related diseases are 
characterized by mutated forms of this gene. Hence, in certain 
embodiments, the improved methods described herein may 
be used for inducing exon skipping in mutated forms of the 
human dystrophin gene. Such as the mutated dystrophin genes 
found in DMD and BMD. 
0036. Due to aberrant mRNA splicing events caused by 
mutations, these mutated human dystrophin genes either 
express defective dystrophin protein or express no measur 
able dystrophin at all, a condition that leads to various forms 
of muscular dystrophy. To remedy this condition, the anti 
sense compounds of the present invention hybridize to 
selected regions of a pre-processed RNA of a mutated human 
dystrophin gene, induce exon skipping and differential splic 
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ing in that otherwise aberrantly spliced dystrophin mRNA, 
and thereby allow muscle cells to produce an mRNA tran 
Script that encodes a functional dystrophin protein. In certain 
embodiments, the resulting dystrophin protein is not neces 
sarily the “wild-type' form of dystrophin, but is rather a 
truncated, yet functional or semi-functional, form of dystro 
phin. 
0037. By increasing the levels of functional dystrophin 
protein in muscle cells, these and related embodiments are 
useful in the prophylaxis and treatment of muscular dystro 
phy, especially those forms of muscular dystrophy, Such as 
DMD and BMD, that are characterized by the expression of 
defective dystrophin proteins due to aberrant mRNA splicing. 
The methods described hereinfurther provide improved treat 
ment options for patients with muscular dystrophy and offer 
significant and practical advantages over alternate methods of 
treating relevant forms of muscular dystrophy. For example, 
in some embodiments, the improved methods relate to the 
administration of an antisense compound for inducing exon 
skipping in the human dystrophin geneata higher dose and/or 
for a longer duration than prior approaches. 
0038. Thus, the invention relates to improved methods for 
treating muscular dystrophy such as DMD and BMD, by 
inducing exon skipping in a patient. In some embodiments, 
exon skipping is induced by administering an effective 
amount of a composition which includes a charge-neutral, 
phosphorodiamidate morpholino oligomer (PMO), such as 
eteplirsen, which selectively binds to a target sequence in an 
exon of dystrophin pre-mRNA. In some embodiments, the 
invention relates to methods of treating DMD or BMD in 
which an effective amount of a composition e.g., at least 20 
mg/kg, about 25 mg/kg, about 30 mg/kg or about 30 mg/kg to 
about 50 mg/kg, which includes an antisense as described 
herein, Such as eteplirsen, over a period of time Sufficient to 
treat the disease. 

0039. Some embodiments of the present invention relate 
to the use of eteplirsen as a disease-modifying therapy for 
treating DMD. In a clinical study described in the Examples, 
no drug-related adverse events were seen in 576 infusions of 
eteplirsen administered over one year, nor were there any 
infusion-associated reactions, cardiac abnormalities, or any 
other organ system involvement. There was also no evidence 
of glomerular or renal tubular dysfunction in eteplirsen 
treated patients over the course of the study (e.g., no pro 
teinuria, elevations in serum cytstatin C, or urine cyStatin C or 
KIM-1). Without being bound by theory, the safety profile of 
eteplirsen and other exon-skipping antisense oligonucle 
otides described herein may be attributed to its unique chemi 
cal composition, which is characterized by nucleotides bound 
to morpholine rings linked through charge-neutral phospho 
rodiamidate moieties. 

0040. In DMD patients treated with eteplirsen for one 
year, the mean percentage of dystrophin-positive fibers was 
increased to 47% of normal, relative to baseline. The magni 
tude of the increase was dependent upon treatment duration. 
Significant increases in dystrophin levels were observed in 
the 24-week biopsies taken from patients in Cohort 1 (30 
mg/kg) and in the 48-week biopsies from patients in Cohort 3 
(who started eteplirsen at week 25). 
0041 Eteplirsen's clinical benefit mirrored its ability to 
induce exon skipping and restore functional dystrophin pro 
duction. Clinical effect was assessed with the 6MWT, a mea 
Sure of endurance and muscular capacity that goes beyond the 
assessment of strength in individual muscle groups. Patients 
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who received 30 or 50 mg/kg eteplirsen from the beginning 
maintained a stable walking distance over 48 weeks, consis 
tent with eteplirsen-induced increases in novel dystrophin 
expression between weeks 12 and 24. In contrast, patients in 
the placebo/delayed eteplirsen cohort lost 70 meters by week 
36, but appeared to stabilize by week 48 (24 weeks after 
initiating eteplirsen). This is the same timeframe in which a 
clinical impact was seen in patients who received 30 or 50 
mg/kg eteplirsen once a week from the start of the study. 
0042. The present invention is based, at least in part, on the 
evidence of a therapeutic effect of eteplirsen, which repre 
sents a major advance in the treatment of DMD by addressing 
the underlying cause of the disease. Accordingly, the inven 
tion relates to methods of treating DMD or BMD in patients 
by administering an effective amount of a composition which 
includes an antisense oligonucleotide. Such as eteplirsen, 
which is complementary to a target region in an exon of the 
human dystrophin gene to specifically hybridize to the target 
region, induce exon skipping, and treat the disease. In one 
embodiment, treatment is by administering one or more anti 
sense oligonucleotides of the present invention (e.g., a nucle 
otide sequence shown in Tables 3 and 4), optionally as part of 
a pharmaceutical formulation or dosage form, to a Subject in 
need thereof. Treatment includes inducing exon-skipping in a 
Subject by administering an effective amount of one or more 
antisense oligonucleotides, in which the exon is any one or 
more of exons 1-79 from the dystrophin gene. Preferably, the 
exon is exon 44, 45,46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56 
or 8 from the human dystrophin gene. 
0043. Unless defined otherwise, all technical and scien 

tific terms used herein have the same meaning as commonly 
understood by those of ordinary skill in the art to which the 
invention belongs. Although any methods and materials simi 
lar or equivalent to those described herein can be used in the 
practice or testing of the present invention, preferred methods 
and materials are described. For the purposes of the present 
invention, the following terms are defined below. 

I. DEFINITIONS 

0044. By “about is meanta quantity, level, value, number, 
frequency, percentage, dimension, size, amount, weight or 
length that varies by as much as 30, 25, 20, 15, 10,9,8,7,6, 
5, 4, 3, 2 or 1% to a reference quantity, level, value, number, 
frequency, percentage, dimension, size, amount, weight or 
length. 
0045. The terms “complementary' and “complementar 
ity” refer to polynucleotides (i.e., a sequence of nucleotides) 
related by base-pairing rules. For example, the sequence 
“T-G-A (5'-3"), is complementary to the sequence “T-C-A 
(5'-3"). Complementarity may be “partial.” in which only 
Some of the nucleic acids bases are matched according to 
base pairing rules. Or, there may be “complete' or “total 
complementarity between the nucleic acids. The degree of 
complementarity between nucleic acid strands has significant 
effects on the efficiency and strength of hybridization 
between nucleic acid strands. While perfect complementarity 
is often desired, some embodiments can include one or more 
but preferably 6, 5, 4, 3, 2, or 1 mismatches with respect to the 
target RNA. Variations at any location within the oligomer are 
included. In certain embodiments, variations in sequence 
near the termini of an oligomer are generally preferable to 
variations in the interior, and if present are typically within 
about 6, 5, 4, 3, 2, or 1 nucleotides of the 5' and/or 3' terminus. 
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0046. The terms “cell penetrating peptide' and “CPP” are 
used interchangeably and refer to cationic cell penetrating 
peptides, also called transport peptides, carrier peptides, or 
peptide transduction domains. The peptides, as shown herein, 
have the capability of inducing cell penetration within 100% 
of cells of a given cell culture population and allow macro 
molecular translocation within multiple tissues in vivo upon 
systemic administration. A preferred CPP embodiment is an 
arginine-rich peptide as described further below. 
0047. The terms “antisense oligomer and “antisense 
compound' and “antisense oligonucleotide' are used inter 
changeably and refer to a sequence of cyclic subunits, each 
bearing a base-pairing moiety, linked by intersubunit linkages 
that allow the base-pairing moieties to hybridize to a target 
sequence in a nucleic acid (typically an RNA) by Watson 
Crick base pairing, to form a nucleic acid:oligomer hetero 
duplex within the target sequence. The cyclic Subunits are 
based on ribose or another pentose Sugar or, in a preferred 
embodiment, a morpholino group (see description of mor 
pholino oligomers below). The oligomer may have exact or 
near sequence complementarity to the target sequence; varia 
tions in sequence near the termini of an oligomer are gener 
ally preferable to variations in the interior. 
0048 Such an antisense oligomer can be designed to block 
or inhibit translation of mRNA or to inhibit natural pre 
mRNA splice processing, and may be said to be “directed to 
or “targeted against a target sequence with which it hybrid 
izes. The target sequence is typically a region including an 
AUG start codon of an mRNA, a Translation Suppressing 
Oligomer, or splice site of a pre-processed mRNA, a Splice 
Suppressing Oligomer (SSO). The target sequence for a 
splice site may include an mRNA sequence having its 5' end 
1 to about 25 base pairs downstream of a normal splice 
acceptorjunction in a preprocessed mRNA. A preferred target 
sequence is any region of a preprocessed mRNA that includes 
a splice site or is contained entirely within an exon coding 
sequence or spans a splice acceptor or donor site. An oligomer 
is more generally said to be “targeted against a biologically 
relevant target, Such as a protein, virus, or bacteria, when it is 
targeted against the nucleic acid of the target in the manner 
described above. 

0049. The terms “morpholino oligomer' or “PMO (phos 
phoramidate- or phosphorodiamidate morpholino oligomer) 
refer to an oligonucleotide analog composed of morpholino 
subunit structures, where (i) the structures are linked together 
by phosphorus-containing linkages, one to three atoms long, 
preferably two atoms long, and preferably uncharged or cat 
ionic, joining the morpholino nitrogen of one subunit to a 5' 
exocyclic carbon of an adjacent Subunit, and (ii) each mor 
pholinoring bearsapurine or pyrimidine base-pairing moiety 
effective to bind, by base specific hydrogen bonding, to a base 
in a polynucleotide. See, for example, the structure in FIG. 
1A, which shows a preferred phosphorodiamidate linkage 
type. Variations can be made to this linkage as long as they do 
not interfere with binding or activity. For example, the oxygen 
attached to phosphorus may be substituted with sulfur (thio 
phosphorodiamidate). The 5' oxygen may be substituted with 
amino or lower alkyl Substituted amino. The pendant nitrogen 
attached to phosphorus may be unsubstituted, monosubsti 
tuted, or disubstituted with (optionally substituted) lower 
alkyl. The purine or pyrimidine base pairing moiety is typi 
cally adenine, cytosine, guanine, uracil, thymine or inosine. 
The synthesis, structures, and binding characteristics of mor 
pholino oligomers are detailed in U.S. Pat. Nos. 5,698,685, 
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5,217,866, 5,142,047, 5,034,506, 5,166,315, 5,521,063, 
5,506,337, 8,076.476, 8,299,206 and 7,943,762 (cationic 
linkages), all of which are incorporated herein by reference. 
Modified intersubunit linkages and terminal groups are 
detailed in PCT application US2011/038459 and publication 
WO/2011/150408 which are incorporated herein by refer 
ence in their entirety. 
0050. An "amino acid subunit' or "amino acid residue' 
can refer to an O-amino acid residue (—CO CHR NH ) 
or a B- or other amino acid residue (e.g. —CO-(CH2) 
CHR NH ), where R is a side chain (which may include 
hydrogen) and n is 1 to 6, preferably 1 to 4. 
0051. The term “naturally occurring amino acid refers to 
an amino acid present in proteins found in nature. The term 
“non-natural amino acids’ refers to those amino acids not 
present in proteins found in nature, examples include beta 
alanine (B-Ala), 6-aminohexanoic acid (AhK) and 6-amino 
pentanoic acid. 
0.052 An "exon” refers to a defined section of nucleic acid 
that encodes for a protein, or a nucleic acid sequence that is 
represented in the mature form of an RNA molecule after 
either portions of a pre-processed (or precursor) RNA have 
been removed by splicing. The mature RNA molecule can be 
a messenger RNA (mRNA) or a functional form of a non 
coding RNA, such as rRNA or tRNA. The human dystrophin 
gene has about 79 exons. 
0053 An “intron” refers to a nucleic acid region (within a 
gene) that is not translated into a protein. An intron is a 
non-coding section that is transcribed into a precursor mRNA 
(pre-mRNA), and Subsequently removed by splicing during 
formation of the mature RNA. 
0054 An “effective amount” or “therapeutically effective 
amount refers to an amount of therapeutic compound. Such 
as an antisense oligonucleotide, administered to a human 
Subject, either as a single dose or as part of a series of doses, 
which is effective to produce a desired therapeutic effect. For 
an antisense oligonucleotide, this effect is typically brought 
about by inhibiting translation or natural splice-processing of 
a selected target sequence. In some embodiments, an effective 
amount is at least 20 mg/kg of a composition including an 
antisense oligonucleotide for a period of time to treat the 
subject. In one embodiment, an effective amount is at least 20 
mg/kg of a composition including an antisense oligonucle 
otide to increase the number of dystrophin-positive fibers in a 
subject to at least 20% of normal. In another embodiment, an 
effective amount is at least 20 mg/kg of a composition includ 
ing an antisense oligonucleotide to stabilize, maintain, or 
improve walking distance from a 20% deficit, for example in 
a 6 MWT. in a patient, relative to a healthy peer. In another 
embodiment, an effective amount is at least 20 mg/kg to about 
30 mg/kg, about 25 mg/kg to about 30 mg/kg, or about 30 
mg/kg to about 50 mg/kg. In yet another embodiment, an 
effective amount is about 30 mg/kg or about 50 mg/kg. In 
another aspect, an effective amount is at least 20 mg/kg, about 
25 mg/kg, about 30 mg/kg, or about 30 mg/kg to about 50 
mg/kg, for at least 24 weeks, at least 36 weeks, or at least 48 
weeks, to thereby increase the number of dystrophin-positive 
fibers in a subject to at least 20%, about 30%, about 40%, 
about 50%, about 60%, about 70%, about 80%, about 90%, 
about 95% of normal, and stabilize or improve walking dis 
tance from a 20% deficit, for example in a 6 MWT. in the 
patient relative to a healthy peer. In one embodiment, treat 
ment increases the number of dystrophin-positive fibers to 
20-60%, or 30-50% of normal in the patient. 
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0055 “Exon skipping refers generally to the process by 
which an entire exon, or a portion thereof, is removed from a 
given pre-processed RNA, and is thereby excluded from 
being present in the mature RNA, such as the mature mRNA 
that is translated into a protein. Hence, the portion of the 
protein that is otherwise encoded by the skipped exon is not 
present in the expressed form of the protein, typically creating 
an altered, though still functional, form of the protein. In 
certain embodiments, the exon being skipped is an aberrant 
exon from the human dystrophin gene, which may contain a 
mutation or other alteration in its sequence that otherwise 
causes aberrant splicing. In certain embodiments, the exon 
being skipped is any one or more of exons 1-79 of the human 
dystrophin gene, such as 3-8, 10-16, 19-40, 42-47, and 50-55, 
though exons 44, 45,46, 47,48, 49, 50, 51, 52,53,54, 55, 56 
and 8 of the human dystrophin gene are preferred. 
0056 “Dystrophin' is a rod-shaped cytoplasmic protein, 
and a vital part of the protein complex that connects the 
cytoskeleton of a muscle fiberto the surrounding extracellular 
matrix through the cell membrane. Dystrophin contains mul 
tiple functional domains. For instance, dystrophin contains an 
actin binding domain at about amino acids 14-240 and a 
central rod domain at about amino acids 253-3040. This large 
central domain is formed by 24 spectrin-like triple-helical 
elements of about 109 amino acids, which have homology to 
alpha-actinin and spectrin. The repeats are typically inter 
rupted by four proline-rich non-repeat segments, also referred 
to as hinge regions. Repeats 15 and 16 are separated by an 18 
amino acid stretch that appears to provide a major site for 
proteolytic cleavage of dystrophin. The sequence identity 
between most repeats ranges from 10-25%. One repeat con 
tains three alpha-helices: 1, 2 and 3. Alpha-helices 1 and 3 are 
each formed by 7 helix turns, probably interacting as a coiled 
coil through a hydrophobic interface. Alpha-helix 2 has a 
more complex structure and is formed by segments of four 
and three helix turns, separated by a Glycine or Proline resi 
due. Each repeat is encoded by two exons, typically inter 
rupted by an intron between amino acids 47 and 48 in the first 
part of alpha-helix 2. The other intron is found at different 
positions in the repeat, usually scattered over helix-3. Dys 
trophin also contains a cysteine-rich domain at about amino 
acids 3080-3360), including a cysteine-rich segment (i.e., 15 
Cysteines in 280 amino acids) showing homology to the 
C-terminal domain of the slime mold (Dictyostelium discoi 
deum) alpha-actinin. The carboxy-terminal domain is at 
about amino acids 3361-3685. 

0057 The amino-terminus of dystrophin binds to F-actin 
and the carboxy-terminus binds to the dystrophin-associated 
protein complex (DAPC) at the sarcolemma. The DAPC 
includes the dystroglycans, sarcoglycans, integrins and 
caveolin, and mutations in any of these components cause 
autosomally inherited muscular dystrophies. The DAPC is 
destabilized when dystrophin is absent, which results in 
diminished levels of the member proteins, and in turn leads to 
progressive fibre damage and membrane leakage. In various 
forms of muscular dystrophy, such as Duchenne's muscular 
dystrophy (DMD) and Becker's muscular dystrophy (BMD), 
muscle cells produce an altered and functionally defective 
form of dystrophin, or no dystrophin at all, mainly due to 
mutations in the gene sequence that lead to incorrect splicing. 
The predominant expression of the defective dystrophin pro 
tein, or the complete lack of dystrophin or a dystrophin-like 
protein, leads to rapid progression of muscle degeneration, as 
noted above. In this regard, a “defective' dystrophin protein 
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may be characterized by the forms of dystrophin that are 
produced in certain subjects with DMD or BMD, as known in 
the art, or by the absence of detectable dystrophin. 
0.058 As used herein, the terms “function' and “func 
tional and the like refer to a biological, enzymatic, or thera 
peutic function. 
0059 A “functional dystrophin protein refers generally 
to a dystrophin protein having Sufficient biological activity to 
reduce the progressive degradation of muscle tissue that is 
otherwise characteristic of muscular dystrophy, typically as 
compared to the altered or “defective' form of dystrophin 
protein that is present in certain subjects with DMD or BMD. 
In certain embodiments, a functional dystrophin protein may 
have about 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 
90%, or 100% (including all integers in between) of the in 
vitro or in vivo biological activity of wild-type dystrophin, as 
measured according to routine techniques in the art. As one 
example, dystrophin-related activity in muscle cultures in 
vitro can be measured according to myotube size, myofibril 
organization (or disorganization), contractile activity, and 
spontaneous clustering of acetylcholine receptors (see, e.g., 
Brown et al., Journal of Cell Science. 112:209-216, 1999). 
Animal models are also valuable resources for studying the 
pathogenesis of disease, and provide a means to test dystro 
phin-related activity. Two of the most widely used animal 
models for DMD research are the mdx mouse and the golden 
retriever muscular dystrophy (GRMD) dog, both of which are 
dystrophin negative (see, e.g., Collins & Morgan, Int J Exp 
Pathol 84; 165-172, 2003). These and other animal models 
can be used to measure the functional activity of various 
dystrophin proteins. Included are truncated forms of dystro 
phin, such as those forms that are produced by certain of the 
exon-skipping antisense compounds of the present invention. 
0060. The term “restoration of dystrophin synthesis or 
production refers generally to the production of a dystrophin 
protein including truncated forms of dystrophin in a patient 
with muscular dystrophy following treatment with an anti 
sense oligonucleotide as described herein. In some embodi 
ments, treatment results in an increase in novel dystrophin 
production in a patient by 1%. 5%, 10%, 20%, 30%, 40%, 
50%. 60%, 70%, 80%,90% or 100% (including all integers in 
between). In some embodiments, treatment increases the 
number of dystrophin-positive fibers to at least 20%, about 
30%, about 40%, about 50%, about 60%, about 70%, about 
80%, about 90% or about 95% to 100% of normal in the 
Subject. In other embodiments, treatment increases the num 
ber of dystrophin-positive fibers to about 20% to about 60%, 
or about 30% to about 50% of normal in the subject. The 
percent of dystrophin-positive fibers in a patient following 
treatment can be determined by a muscle biopsy using known 
techniques. For example, a muscle biopsy may be taken from 
a suitable muscle, such as the biceps brachii muscle in a 
patient. 
0061 Analysis of the percentage of positive dystrophin 
fibers may be performed pre-treatment and/or post-treatment 
or at time points throughout the course of treatment. In some 
embodiments, a post-treatment biopsy is taken from the con 
tralateral muscle from the pre-treatment biopsy. Pre- and 
post-treatment dystrophin expression studies may be per 
formed using any Suitable assay for dystrophin. In one 
embodiment, immunohistochemical detection is performed 
on tissue sections from the muscle biopsy using an antibody 
that is a marker for dystrophin, such as a monoclonal or a 
polyclonal antibody. For example, the MANDYS106 anti 
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body can be used which is a highly sensitive marker for 
dystrophin. Any Suitable secondary antibody may be used. 
0062. In some embodiments, the percent dystrophin-posi 
tive fibers are calculated by dividing the number of positive 
fibers by the total fibers counted. Normal muscle samples 
have 100% dystrophin-positive fibers. Therefore, the percent 
dystrophin-positive fibers can be expressed as a percentage of 
normal. To control for the presence of trace levels of dystro 
phin in the pretreatment muscle as well as revertant fibers a 
baseline can be set using sections of pre-treatment muscles 
from each patient when counting dystrophin-positive fibers in 
post-treatment muscles. This may be used as a threshold for 
counting dystrophin-positive fibers in sections of post-treat 
ment muscle in that patient. In other embodiments, antibody 
stained tissue sections can also be used for dystrophin quan 
tification using Bioquant image analysis Software (Bioquant 
Image Analysis Corporation, Nashville,Tenn.). The total dys 
trophin fluorescence signal intensity can be reported as a 
percentage of normal. In addition, Western blot analysis with 
monoclonal or polyclonal anti-dystrophin antibodies can be 
used to determine the percentage of dystrophin positive 
fibers. For example, the anti-dystrophin antibody NCL-Dysl 
from Novacastra may be used. The percentage of dystrophin 
positive fibers can also be analyzed by determining the 
expression of the components of the sarcoglycan complex 
(B.Y) and/or neuronal NOS. 
0063. By "isolated' is meant material that is substantially 
or essentially free from components that normally accom 
pany it in its native state. For example, an "isolated polynucle 
otide.” as used herein, may refer to a polynucleotide that has 
been purified or removed from the sequences that flank it in a 
naturally-occurring state, e.g., a DNA fragment that has been 
removed from the sequences that are normally adjacent to the 
fragment. 

0064. As used herein, “sufficient length” refers to an anti 
sense oligonucleotide that is complementary to at least 8, 
more typically 8-30, contiguous nucleobases in a target dys 
trophin pre-mRNA. In some embodiments, an antisense of 
sufficient length includes at least 8, 9, 10, 11, 12, 13, 14, or 15 
contiguous nucleobases in the target dystrophin pre-mRNA. 
In other embodiments an antisense of Sufficient length 
includes at least 16, 17, 18, 19, 20, 21, 22, 23, 24, or 25 
contiguous nucleobases in the target dystrophin pre-mRNA. 
An antisense oligonucleotide of Sufficient length has at least 
a minimal number of nucleotides to be capable of specifically 
hybridizing to any one or more of exons 1-79 of the dystro 
phin gene. Preferably, the antisense oligonucleotide of the 
invention has a minimal number of nucleotides to be capable 
of specifically hybridizing to any one or more of exons 44, 45. 
46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56 or 8 of the human 
dystrophin gene. Preferably an oligonucleotide of sufficient 
length is from about 10 to about 50 nucleotides in length, 
including oligonucleotides of 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 and 40 or more nucleotides. In one embodi 
ment, an oligonucleotide of sufficient length is from 10 to 
about 30 nucleotides in length. In another embodiment, an 
oligonucleotide of sufficient length is from 15 to about 25 
nucleotides in length. In yet another embodiment, an oligo 
nucleotide of sufficient length is from 20 to 30, or 20 to 50, 
nucleotides in length. In yet another embodiment, an oligo 
nucleotide of sufficient length is from 25 to 28 nucleotides in 
length. 
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0065. By "enhance” or "enhancing,” or “increase” or 
“increasing,” or “stimulate' or “stimulating refers generally 
to the ability of one or antisense compounds or compositions 
to produce or cause a greater physiological response (i.e., 
downstream effects) in a cell or a subject, as compared to the 
response caused by either no antisense compound or a control 
compound. A measurable physiological response may 
include increased expression of a functional form of a dys 
trophin protein, or increased dystrophin-related biological 
activity in muscle tissue, among other responses apparent 
from the understanding in the art and the description herein. 
Increased muscle function can also be measured, including 
increases or improvements in muscle function by about 1%, 
2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%, 10%, 11%, 12%, 13%, 
14%, 15%, 16%, 17%, 18%, 19%, 20%, 25%, 30%, 35%, 
40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 
90%. 95%, or 100%. The percentage of muscle fibers that 
express a functional dystrophin can also be measured, includ 
ing increased dystrophin expression in about 1%, 2%, '%, 
15%, 16%, 17%, 18%, 19%, 20%, 25%, 30%, 35%, 40%, 
45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 
95%, or 100% of muscle fibers. For instance, it has been 
shown that around 40% of muscle function improvement can 
occur if 25-30% of fibers express dystrophin (see, e.g., Del 
loRusso et al, Proc Natl Acad Sci USA 99: 12979-12984, 
2002). An "increased or "enhanced amount is typically a 
“statistically significant amount, and may include an 
increase that is 1.1, 1.2,2,3,4,5,6,7,8,9, 10, 15, 20, 30, 40, 
50 or more times (e.g., 500, 1000 times) (including all inte 
gers and decimal points in between and above 1), e.g., 1.5. 
1.6., 1.7, 1.8, etc.) the amount produced by no antisense com 
pound (the absence of an agent) or a control compound. 
0066. The term “reduce” or “inhibit” may relate generally 
to the ability of one or more antisense compounds of the 
invention to “decrease' a relevant physiological or cellular 
response, Such as a symptom of a disease or condition 
described herein, as measured according to routine tech 
niques in the diagnostic art. Relevant physiological or cellular 
responses (in vivo or in vitro) will be apparent to persons 
skilled in the art, and may include reductions in the symptoms 
or pathology of muscular dystrophy, or reductions in the 
expression of defective forms of dystrophin, such as the 
altered forms of dystrophin that are expressed in individuals 
with DMD or BMD. A “decrease' in a response may be 
statistically significant as compared to the response produced 
by no antisense compound or a control composition, and may 
include a 1%, 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%, 10%, 11%, 
12%, 13%, 14%, 15%, 16%, 17%, 18%, 19%, 20%, 25%, 
30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 
80%, 85%, 90%. 95%, or 100% decrease, including all inte 
gers in between. 
0067. Also included are vector delivery systems that are 
capable of expressing the oligomeric, dystrophin-targeting 
sequences of the present invention, Such as vectors that 
express a polynucleotide sequence comprising any one or 
more of the sequences shown in Tables 3 and 4, and variants 
thereof, as described herein. By “vector or “nucleic acid 
construct is meant a polynucleotide molecule, preferably a 
DNA molecule derived, for example, from a plasmid, bacte 
riophage, yeast or virus, into which a polynucleotide can be 
inserted or cloned. A vector preferably contains one or more 
unique restriction sites and can be capable of autonomous 
replication in a defined host cell including a target cell or 
tissue or a progenitor cell or tissue thereof, or be integrated 
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with the genome of the defined host such that the cloned 
sequence is reproducible. Accordingly, the vector can be an 
autonomously replicating vector, i.e., a vector that exists as an 
extra-chromosomal entity, the replication of which is inde 
pendent of chromosomal replication, e.g., a linear or closed 
circular plasmid, an extra-chromosomal element, a mini 
chromosome, or an artificial chromosome. The vector can 
contain any means for assuring self-replication. Alternatively, 
the vector can be one which, when introduced into the host 
cell, is integrated into the genome and replicated together 
with the chromosome(s) into which it has been integrated. 
0068 “Treatment of an individual (e.g. a mammal, such 
as a human) or a cell is any type of intervention used in an 
attempt to alter the natural course of the individual or cell. 
Treatment includes, but is not limited to, administration of a 
pharmaceutical composition, and may be performed either 
prophylactically or Subsequent to the initiation of a patho 
logic event or contact with an etiologic agent. Treatment 
includes any desirable effect on the symptoms or pathology of 
a disease or condition associated with the dystrophin protein, 
as in certain forms of muscular dystrophy, and may include, 
for example, minimal changes or improvements in one or 
more measurable markers of the disease or condition being 
treated. Also included are “prophylactic' treatments, which 
can be directed to reducing the rate of progression of the 
disease or condition being treated, delaying the onset of that 
disease or condition, or reducing the severity of its onset. 
“Treatment' or “prophylaxis' does not necessarily indicate 
complete eradication, cure, or prevention of the disease or 
condition, or associated symptoms thereof. 
0069. In one embodiment, treatment with an antisense 
oligonucleotide of the invention increases novel dystrophin 
production and slows or reduces the loss of ambulation that 
would be expected without treatment. For example, treatment 
may stabilize, maintain, improve or increase walking ability 
(e.g., stabilization of ambulation) in the Subject. In some 
embodiments, treatment maintains or increases a stable walk 
ing distance in a patient, as measured by, for example, the 6 
Minute Walk Test (6MWT), described by McDonald, et al. 
(Muscle Nerve, 2010; 42:966-74, herein incorporated by ref. 
erence). A change in the 6 Minute Walk Distance (6MWD) 
may be expressed as an absolute value, a percentage change 
or a change in the '%-predicted value. In some embodiments, 
treatment maintains or improves a stable walking distance in 
a 6MWT from a 20% deficit in the subject relative to a healthy 
peer. The performance of a DMD patient in the 6MWT rela 
tive to the typical performance of a healthy peer can be deter 
mined by calculating a %-predicted value. For example, the 
%-predicted 6MWD may be calculated using the following 
equation for males: 196.72+(39.81xage)-(1.36xage)+(132. 
28xheight in meters). For females, the %-predicted 6MWD 
may be calculated using the following equation: 188.61+(51. 
50xage)-(1.86xage)+(86.10xheight in meters) (Henricson 
et al. PLoS Curr., 2012, version 2, herein incorporated by 
reference). In some embodiments, treatment with an anti 
sense oligonucleotide increases the stable walking distance in 
the patient from baseline to greater than 3, 5, 6,7,8,9, 10, 15, 
20, 25, 30 or 50 meters (including all integers in between). 
0070 Loss of muscle function in patients with DMD may 
occur against the background of normal childhood growth 
and development. Indeed, younger children with DMD may 
show an increase in distance walked during 6MWT over the 
course of about 1 year despite progressive muscular impair 
ment. In some embodiments, the 6MWD from patients with 
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DMD is compared to typically developing control subjects 
and to existing normative data from age and sex matched 
Subjects. In some embodiments, normal growth and develop 
ment can be accounted for using an age and height based 
equation fitted to normative data. Such an equation can be 
used to convert 6MWD to a percent-predicted (%-predicted) 
value in subjects with DMD. In certain embodiments, analy 
sis of %-predicted 6MWD data represents a method to 
account for normal growth and development, and may show 
that gains in function at early ages (e.g., less than or equal to 
age 7) represent stable rather than improving abilities in 
patients with DMD (Henricson et al. PLoS Curr..., 2012, ver 
sion 2, herein incorporated by reference). 
0071. A “subject, as used herein, includes any animal that 
exhibits a symptom, or is at risk for exhibiting a symptom, 
which can be treated with an antisense compound of the 
invention, such as a Subject that has or is at risk for having 
DMD or BMD, or any of the symptoms associated with these 
conditions (e.g., muscle fibre loss). Suitable subjects (pa 
tients) include laboratory animals (such as mouse, rat, rabbit, 
or guinea pig), farm animals, and domestic animals or pets 
(such as a cat or dog). Non-human primates and, preferably, 
human patients, are included. 
0072 “Alkyl or “alkylene' both refer to a saturated 
straight or branched chain hydrocarbon radical containing 
from 1 to 18 carbons. Examples include without limitation 
methyl, ethyl, propyl, iso-propyl, butyl, iso-butyl, tert-butyl, 
n-pentyl and n-hexyl. The term “lower alkyl refers to an 
alkyl group, as defined herein, containing between 1 and 8 
carbons. 
0073. “Alkenyl refers to an unsaturated straight or 
branched chain hydrocarbon radical containing from 2 to 18 
carbons and comprising at least one carbon to carbon double 
bond. Examples include without limitation ethenyl, propenyl, 
iso-propenyl, butenyl, iso-butenyl, tert-butenyl, n-pentenyl 
and n-hexenyl. The term “lower alkenyl refers to an alkenyl 
group, as defined herein, containing between 2 and 8 carbons. 
0074 Alkynyl refers to an unsaturated straight or 
branched chain hydrocarbon radical containing from 2 to 18 
carbons comprising at least one carbon to carbon triple bond. 
Examples include without limitation ethynyl, propynyl, iso 
propynyl, butynyl, iso-butynyl, tert-butynyl, pentynyl and 
hexynyl. The term “lower alkynyl refers to an alkynyl group, 
as defined herein, containing between 2 and 8 carbons. 
0075 "Cycloalkyl refers to a mono- or poly-cyclic alkyl 
radical. Examples include without limitation cyclobutyl, 
cyclopentyl, cyclohexyl, cycloheptyl and cyclooctyl. 
0076 Aryl refers to a cyclic aromatic hydrocarbon moi 
ety containing from to 18 carbons having one or more closed 
ring(s). Examples include without limitation phenyl, benzyl, 
naphthyl, anthracenyl, phenanthracenyl and biphenyl. 
0077 “Aralkyl refers to a radical of the formula RaRb 
where Ra is an alkylene chain as defined above and Rb is one 
or more aryl radicals as defined above, for example, benzyl, 
diphenylmethyl and the like. 
0078 “Thioalkoxy” refers to a radical of the formula 
—SRc where Rc is an alkyl radical as defined herein. The 
term “lower thioalkoxy' refers to an alkoxy group, as defined 
herein, containing between 1 and 8 carbons. 
0079. “Alkoxy” refers to a radical of the formula–ORda 
where Rd is an alkyl radical as defined herein. The term 
“lower alkoxy' refers to an alkoxy group, as defined herein, 
containing between 1 and 8 carbons. Examples of alkoxy 
groups include, without limitation, methoxy and ethoxy. 
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0080 “Alkoxyalkyl refers to an alkyl group substituted 
with an alkoxy group. 
I0081) “Carbonyl refers to the C(=O)—radical. 
I0082 “Guanidynyl refers to the HN(C=NH) NH 
radical. 
I0083) “Amidinyl refers to the HN(C—NH)CH radi 
cal. 
I0084) “Amino” refers to the NH radical. 
I0085. “Alkylamino” refers to a radical of the formula 
—NHRd or —NRdRd where each Rd is, independently, an 
alkyl radical as defined herein. The term “lower alkylamino” 
refers to an alkylamino group, as defined herein, containing 
between 1 and 8 carbons. 
I0086) “Heterocycle” means a 5- to 7-membered monocy 
clic, or 7- to 10-membered bicyclic, heterocyclic ring which 
is either Saturated, unsaturated, or aromatic, and which con 
tains from 1 to 4 heteroatoms independently selected from 
nitrogen, oxygen and Sulfur, and wherein the nitrogen and 
Sulfur heteroatoms may be optionally oxidized, and the nitro 
gen heteroatom may be optionally quaternized, including 
bicyclic rings in which any of the above heterocycles are 
fused to a benzene ring. The heterocycle may be attached via 
any heteroatom or carbon atom. Heterocycles include het 
eroaryls as defined below. Thus, in addition to the heteroaryls 
listed below, heterocycles also include morpholinyl, pyrroli 
dinonyl, pyrrolidinyl, piperidinyl, piperizinyl, hydantoinyl, 
Valerolactamyl, oxiranyl, oxetanyl, tetrahydrofuranyl, tet 
rahydropyranyl, tetrahydropyridinyl, tetrahydrothiophenyl, 
tetrahydrothiopyranyl, tetrahydropyrimidinyl, tetrahydrothi 
opyranyl, and the like. 
I0087. “Heteroaryl' means an aromatic heterocycle ring of 
5- to 10 members and having at least one heteroatom selected 
from nitrogen, oxygen and Sulfur, and containing at least 1 
carbonatom, including both mono- and bicyclic ring systems. 
Representative heteroaryls are pyridyl, furyl, benzofuranyl, 
thiophenyl, benzothiophenyl, quinolinyl, pyrrolyl, indolyl, 
oxazolyl, benzoxazolyl, imidazolyl, benzimidazolyl, thiaz 
olyl, benzothiazolyl, isoxazolyl pyrazolyl, isothiazolyl, 
pyridazinyl, pyrimidinyl, pyrazinyl, triazinyl, cinnolinyl, 
phthalazinyl, and quinazolinyl. 
I0088. The terms “optionally substituted alkyl, “option 
ally substituted alkenyl, “optionally substituted alkoxy’, 
“optionally substituted thioalkoxy”, “optionally substituted 
alkyl amino”, “optionally substituted lower alkyl, “option 
ally substituted lower alkenyl, “optionally substituted lower 
alkoxy”, “optionally substituted lower thioalkoxy”, “option 
ally substituted lower alkyl amino” and “optionally substi 
tuted heterocyclyl mean that, when substituted, at least one 
hydrogenatom is replaced with a Substituent. In the case of an 
oXo Substituent (=O) two hydrogen atoms are replaced. In 
this regard, Substituents include: deuterium, optionally Sub 
stituted alkyl, optionally substituted alkenyl, optionally sub 
stituted alkynyl, optionally Substituted aryl, optionally Sub 
stituted heterocycle, optionally Substituted cycloalkyl, Oxo, 
halogen, CN, ORx, NRXRy, NRXC(=O)Ry, 
NRXSO2Ry, NRXC(=O)NRxRy, C(=O)Rx, C(=O) 
ORX, C(=O)NRXRy, -SOmRx and -SOmNRXRy, 
wherein m is 0, 1 or 2. Rx and Ry are the same or different and 
independently hydrogen, optionally Substituted alkyl, option 
ally substituted alkenyl, optionally substituted alkynyl, 
optionally substituted aryl, optionally substituted heterocycle 
or optionally Substituted cycloalkyl and each of said option 
ally substituted alkyl, optionally substituted alkenyl, option 
ally Substituted alkynyl, optionally substituted aryl, option 
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ally substituted heterocycle and optionally substituted 
cycloalkyl substituents may be further substituted with one or 
more of oxo, halogen, —CN, —ORX, NRXRy, NRXC(=O) 
Ry, NRXSO2Ry, NRXC(=O)NRxRy, C(=O)Rx, C(=O) 
ORX, C(=O)NRXRy, -SOmRx and -SOmNRXRy. 
0089. An antisense molecule nomenclature system was 
proposed and published to distinguish between the different 
antisense molecules (see Mann et al., (2002) J Gen Med 4, 
644-654). This nomenclature became especially relevant 
when testing several slightly different antisense molecules, 
all directed at the same target region, as shown below: 

0090 The first letter designates the species (e.g. H: 
human, M. murine, C. canine). “if” designates target dystro 
phin exon number. A/D indicates acceptor or donor splice 
site at the beginning and end of the exon, respectively. (x y) 
represents the annealing coordinates where “- or "+” indi 
cate intronic or exonic sequences respectively. For example, 
A(-6+18) would indicate the last 6 bases of the intron pre 
ceding the target exon and the first 18 bases of the target exon. 
The closest splice site would be the acceptor so these coordi 
nates would be preceded with an 'A'. Describing annealing 
coordinates at the donor splice site could be D(+2-18) where 
the last 2 exonic bases and the first 18 intronic bases corre 
spond to the annealing site of the antisense molecule. Entirely 
exonic annealing coordinates that would be represented by 
A(+65+85), that is the site between the 65th and 85th nucle 
otide from the start of that exon. 

II. CONSTRUCTING THE ANTISENSE 
OLIGONUCLEOTIDE 

0091 Exemplary embodiments of the invention relate to 
morpholino oligonucleotides having phosphorus-containing 
backbone linkages are illustrated in FIGS. 1A-1C. Preferred 
is a phosphorodiamidate-linked morpholino oligonucleotide 
such as shown in FIG. 1C, which is modified, in accordance 
with one aspect of the present invention, to contain positively 
charged groups at preferably 10%-50% of its backbone link 
ages. Morpholino oligonucleotides with uncharged backbone 
linkages, including antisense oligonucleotides, are detailed, 
for example, in (Summerton and Weller 1997) and in co 
owned U.S. Pat. Nos. 5,698,685, 5,217.866, 5,142,047, 
5,034,506, 5,166,315, 5,185, 444, 5,521,063, 5,506,337, 
8,076,476, 8,299,206 and 7,943,762 all of which are 
expressly incorporated by reference herein. 
0092 Important properties of the morpholino-based sub 
units include: 1) the ability to be linked in a oligomeric form 
by stable, uncharged or positively charged backbone link 
ages; 2) the ability to Support a nucleotide base (e.g. adenine, 
cytosine, guanine, thymidine, uracilandinosine) Such that the 
polymer formed can hybridize with a complementary-base 
target nucleic acid, including target RNA, Tm values above 
about 45° C. in relatively short oligonucleotides (e.g., 10-15 
bases); 3) the ability of the oligonucleotide to be actively or 
passively transported into mammalian cells; and 4) the ability 
of the antisense oligonucleotide:RNA heteroduplex to resist 
RNAse and RNase H degradation, respectively. 
0093 Exemplary backbone structures for antisense oligo 
nucleotides of the claimed subject matter include the mor 
pholino subunit types shown in FIGS. 1D-G, each linked by 
an uncharged or positively charged, phosphorus-containing 
Subunit linkage. FIG. 1D shows a phosphorus-containing 
linkage which forms the five atom repeating-unit backbone, 
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where the morpholino rings are linked by a 1-atom phosphoa 
mide linkage. FIG. 1E shows a linkage which produces a 
6-atom repeating-unit backbone. In this structure, the atom Y 
linking the 5' morpholino carbon to the phosphorus group 
may be Sulfur, nitrogen, carbon or, preferably, oxygen. The X 
moiety pendant from the phosphorus may be fluorine, an 
alkyl or Substituted alkyl, an alkoxy or Substituted alkoxy, a 
thioalkoxy or Substituted thioalkoxy, or unsubstituted, mono 
Substituted, or disubstituted nitrogen, including cyclic struc 
tures, such as morpholines or piperidines. Alkyl, alkoxy and 
thioalkoxy preferably include 1-6 carbon atoms. The Z moi 
eties are Sulfur or oxygen, and are preferably oxygen. 
(0094. The linkages shown in FIGS. 1F and 1G are 
designed for 7-atom unit-length backbones. In structure 1F, 
the X moiety is as in Structure 1E, and the Y moiety may be 
methylene, sulfur, or, preferably, oxygen. In Structure 1G, the 
X and Y moieties areas in Structure 1E. Particularly preferred 
morpholino oligonucleotides include those composed of 
morpholino subunit structures of the form shown in FIG. 1E. 
where X=NH, N(CH), or 1-piperazine or other charged 
group, Y—O, and Z=O. 
0.095 A substantially uncharged oligonucleotide may be 
modified, in accordance with an aspect of the invention, to 
include charged linkages, e.g., up to about 1 per every 2-5 
uncharged linkages, such as about 4-5 per every 10uncharged 
linkages. In certain embodiments, optimal improvement in 
antisense activity may be seen when about 25% of the back 
bone linkages are cationic. In certain embodiments, enhance 
ment may be seen with a small number e.g., 10-20% cationic 
linkages, or where the number of cationic linkages are in the 
range 50-80%, such as about 60%. 
0096 Oligomers having any number of cationic linkages 
are provided, including fully cationic-linked oligomers. Pref 
erably, however, the oligomers are partially charged, having, 
for example, 10%-80%. In preferred embodiments, about 
10% to 60%, and preferably 20% to 50% of the linkages are 
cationic. 

0097. In one embodiment, the cationic linkages are inter 
spersed along the backbone. The partially charged oligomers 
preferably contain at least two consecutive uncharged link 
ages; that is, the oligomer preferably does not have a strictly 
alternating pattern along its entire length. 
0098. Also considered are oligomers having blocks of cat 
ionic linkages and blocks of uncharged linkages; for example, 
a central block of uncharged linkages may be flanked by 
blocks of cationic linkages, or vice versa. In one embodiment, 
the oligomer has approximately equal-length 5', 3' and center 
regions, and the percentage of cationic linkages in the center 
region is greater than about 50%, preferably greater than 
about 70%. 

0099. In certain embodiments, the antisense compounds 
can be prepared by stepwise solid-phase synthesis, employ 
ing methods detailed in the references cited above, and below 
with respect to the synthesis of oligonucleotides having a 
mixture or uncharged and cationic backbone linkages. In 
Some cases, it may be desirable to add additional chemical 
moieties to the antisense compound, e.g., to enhance pharma 
cokinetics or to facilitate capture or detection of the com 
pound. Such a moiety may be covalently attached, according 
to standard synthetic methods. For example, addition of a 
polyethylene glycol moiety or other hydrophilic polymer, 
e.g., one having 1-100 monomeric Subunits, may be useful in 
enhancing solubility. 
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0100. A reporter moiety, such as fluorescein or a radiola 
beled group, may be attached for purposes of detection. Alter 
natively, the reporter label attached to the oligomer may be a 
ligand, such as an antigen or biotin, capable of binding a 
labeled antibody or streptavidin. In selecting a moiety for 
attachment or modification of an antisense compound, it is 
generally of course desirable to select chemical compounds 
of groups that are biocompatible and likely to be tolerated by 
a subject without undesirable side effects. 
0101 Oligomers for use in antisense applications gener 
ally range in length from about 10 to about 50 subunits, more 
preferably about 10 to 30 subunits, and typically 15-25 bases. 
For example, an oligomer of the invention having 19-20 sub 
units, a useful length for an antisense compound, may ideally 
have two to ten, e.g., four to eight, cationic linkages, and the 
remainder uncharged linkages. An oligomer having 14-15 
Subunits may ideally have two to seven, e.g., 3, 4, or 5. 
cationic linkages and the remainder uncharged linkages. In a 
preferred embodiment, the oligomers have 25 to 28 subunits. 
0102) Each morpholinoring structure supports a base pair 
ing moiety, to form a sequence of base pairing moieties which 
is typically designed to hybridize to a selected antisense target 
in a cell or in a subject being treated. The base pairing moiety 
may be a purine or pyrimidine found in native DNA or RNA 
(e.g., A, G, C, Tor U) or an analog, Such as hypoxanthine (the 
base component of the nucleoside inosine) or 5-methyl 
cytosine. 

0103 As noted above, certain embodiments are directed to 
oligomers comprising novel intersubunit linkages, including 
PMO-X oligomers and those having modified terminal 
groups. In some embodiments, these oligomers have higher 
affinity for DNA and RNA than do the corresponding 
unmodified oligomers and demonstrate improved cell deliv 
ery, potency, and/or tissue distribution properties compared to 
oligomers having other intersubunit linkages. The structural 
features and properties of the various linkage types and oli 
gomers are described in more detail in the following discus 
Sion. The synthesis of these and related oligomers is 
described in co-owned U.S. application Ser. No. 13/118,298, 
which is incorporated by reference in its entirety. 

0104. In certain embodiments, the invention provides for 
an oligonucleotide having a sequence complementary to the 
target sequence which is associated with a human disease, 
and comprises a sequence of nucleotides having a formula: 

i 
o-p-r, 

O 
Nu 

O 

H 

N H Ry RZ 
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0105 wherein Nu is a nucleobase: 
0106 R has the formula 

g 

-N ) R 

\ , 
R. R3 

0107 q is 0, 1, or 2: 
I0108 R is selected from the group consisting of hydro 
gen, C-C alkyl, C-Cs aralkyl, and a formamidinyl group, 
and 
0109 R is selected from the group consisting of hydro 
gen, C-Coacyl, C-Co aminoacyl, acyl moiety of a natural 
or unnatural alpha or beta amino acid, C-Co aralkyl, and 
C-C alkyl, or 
0110 R and R are joined to form a 5-7 membered ring 
where the ring may be optionally substituted with a substitu 
ent selected from the group consisting of C-C alkyl, phe 
nyl, halogen, and C-C aralkyl: 
0111 R is selected from the group consisting of an elec 
tron pair, hydrogen, a C-C alkyl and C-C aralkyl: 
0112 Rx is selected from the group consisting of sarcosi 
namide, hydroxyl, a nucleotide, a cell penetrating peptide 
moiety, and piperazinyl: 
0113 Ry is selected from the group consisting of hydro 
gen, a C-C alkyl, a nucleotide a cell penetrating peptide 
moiety, anamino acid, a formamidinyl group, and C-C acyl: 
and, 
0114 RZ is selected from the group consisting of an elec 
tron pair, hydrogen, a C-C alkyl, and C-C acyl pharma 
ceutically acceptable salts thereof. 
0115 Nu may be selected from the group consisting of 
adenine, guanine, thymine, uracil, cytosine, and hypoxan 
thine. More preferably Nu is thymine or uracil. 
0116. In preferred embodiments, the invention provides 
an oligonucleotide having a sequence of nucleotides having a 
formula: 

Nu 
O s NY 

Ry Rz 

0117 wherein Nu is a nucleobase; 
0118 R is selected from the group consisting of R and 
R" wherein R is dimethylamino and R" has the formula 
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0119 wherein at least one R is R"; 
I0120 q is 0, 1, or 2; with the proviso that at least one of R 
is a piperidinyl moiety; 
0121 R is selected from the group consisting of hydro 
gen, C-C alkyl, C-Cs aralkyl, and a formamidinyl group, 
and 
0122 R is selected from the group consisting of hydro 
gen, C-Coacyl, C-Co aminoacyl, acyl moiety of a natural 
or unnatural alpha or beta amino acid, C-Co aralkyl, and 
C-C alkyl, or 
(0123 R and Rs are joined to form a 5-7 membered ring 
where the ring may be optionally substituted with a substitu 
ent selected from the group consisting of C-C alkyl, phe 
nyl, halogen, and C-Co aralkyl; 
0124 R is selected from the group consisting of an elec 
tron pair, hydrogen, a C-C alkyl and aralkyl: 
0.125 RX is selected from the group consisting of sarcosi 
namide, hydroxyl, a nucleotide, a cell penetrating peptide 
moiety, and piperazinyl: 
0126 Ry is selected from the group consisting of hydro 
gen, a C-C alkyl, a nucleotide a cell penetrating peptide 
moiety, an amino acid, a formamidinyl group, and C-C acyl: 
and, 
0127 RZ is selected from the group consisting of an elec 
tron pair, hydrogen, a C-C alkyl, and C-C acyl pharma 
ceutically acceptable salts thereof. 
0128 
adenine, guanine, thymine, uracil, cytosine, and hypoxan 
thine. More preferably Nu is thymine or uracil. 
0129. About 90-50% of the R groups are dimethylamino 

(i.e. R"). More, preferably, 90-50% of the R groups are 
dimethylamino. Most, preferably about 66% of the R groups 
are dimethylamino. 
0130 

HC 
Ji 3 V 

vrr N N wrvN N 
V GE) 
H 

CH h 

O)- / 3 O)- wwwrN N vvvrN N O 
CH3 \ / 

HN CH3 

le )=NH vrruriN N-CH 
wurrN N 

CH Y-H, 
HC 

vur N ( )—cil, ) 
3 V 

H 
HC 

X=0 
wnrN N O)- V H 

R" may be selected from the group consisting of 

Nu may be selected from the group consisting of 
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-continued 
H 

O)- A wrvN N NH2 

K / \, 
y H. HN 

~O)-( )=NH H vvvrN N 
H 

H 
A 

vvrN N NH2 H 

X V / M N 

O y-Ni, 
HN 

I0131 Preferably, at least one nucleotide of the oligonucle 
otide has the formula: 

o-O)-st 
O 

Nu 
O 

H 

N 

R-1 H 
Ry 

I0132 wherein Rx, Ry, RZ, and Nu are as stated above. 
Most preferably, Nu is thymine or uracil. 
0.133 Although thymine (T) is the preferred base pairing 
moiety (Nu or Pi) containing the chemical modifications 
described above, any base subunit known to a person of skill 
in the art can be used as the base pairing moiety. 
I0134) The oligonucleotide and the DNA or RNA are 
complementary to each other when a sufficient number of 
corresponding positions in each molecule are occupied by 
nucleotides which can hydrogen bond with each other. Thus, 
“specifically hybridizable' and “complementary are terms 
which are used to indicate a sufficient degree of complemen 
tarity or precise pairing such that stable and specific binding 
occurs between the oligonucleotide and the DNA or RNA 
target. It is understood in the art that the sequence of an 
antisense molecule need not be 100% complementary to that 
of its target sequence to be specifically hybridizable. An anti 
sense molecule is specifically hybridizable when binding of 
the compound to the target DNA or RNA molecule interferes 
with the normal function of the target DNA or RNA to cause 
a loss of utility, and there is a Sufficient degree of comple 
mentarity to avoid non-specific binding of the antisense com 
pound to non-target sequences under conditions in which 
specific binding is desired, i.e., under physiological condi 
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tions in the case of in vivo assays ortherapeutic treatment, and 
in the case of in vitro assays, under conditions in which the 
assays are performed. 
0135 While the above method may be used to select anti 
sense molecules capable of deleting any exon from within a 
protein that is capable of being shortened without affecting its 
biological function, the exon deletion should not lead to a 
reading frame shift in the shortened transcribed mRNA. Thus, 
if in a linear sequence of three exons the end of the first exon 
encodes two of three nucleotides in a codon and the next exon 
is deleted then the third exon in the linear sequence must start 
with a single nucleotide that is capable of completing the 
nucleotide triplet for a codon. If the third exon does not 
commence with a single nucleotide there will be a reading 
frame shift that would lead to the generation of truncated or a 
non-functional protein. 
0136. It will be appreciated that the codon arrangements at 
the end of exons in structural proteins may not always break 
at the end of a codon, consequently there may be a need to 
delete more than one exon from the pre-mRNA to ensure 
in-frame reading of the mRNA. In Such circumstances, a 
plurality of antisense oligonucleotides may need to be 
selected by the method of the invention wherein each is 
directed to a different region responsible for inducing splicing 
in the exons that are to be deleted. 
0.137 The length of an antisense molecule may vary so 
long as it is capable of binding selectively to the intended 
location within the pre-mRNA molecule. The length of such 
sequences can be determined in accordance with selection 
procedures described herein. Generally, the antisense mol 
ecule will be from about 10 nucleotides in length up to about 
50 nucleotides in length. It will be appreciated however that 
any length of nucleotides within this range may be used in the 
method. Preferably, the length of the antisense molecule is 
between 10-30 nucleotides in length. 
0.138. The most common method for producing antisense 
molecules is the methylation of the 2 hydroxyribose position 
and the incorporation of a phosphorothioate backbone pro 
duces molecules that superficially resemble RNA but that are 
much more resistant to nuclease degradation. 
0.139. To avoid degradation of pre-mRNA during duplex 
formation with the antisense molecules, the antisense mol 
ecules used in the method may be adapted to minimize or 
prevent cleavage by endogenous RNase H. This property is 
highly preferred as the treatment of the RNA with the unm 
ethylated oligonucleotides either intracellularly or in crude 
extracts that contain RNase H leads to degradation of the 
pre-mRNA:antisense oligonucleotide duplexes. Any form of 
modified antisense molecules that is capable of by-passing or 
not inducing Such degradation may be used in the present 
method. An example of antisense molecules which when 
duplexed with RNA are not cleaved by cellular RNase H is 
2'-O-methyl derivatives. 2'-O-methyl-oligoribonucleotides 
are very stable in a cellular environmentandinanimal tissues, 
and their duplexes with RNA have higher Tm values than 
their ribo- or deoxyribo-counterparts. 
0140 Antisense molecules that do not activate RNase H 
can be made in accordance with known techniques (see, e.g., 
U.S. Pat. No. 5,149,797). Such antisense molecules, which 
may be deoxyribonucleotide or ribonucleotide sequences, 
simply contain any structural modification which sterically 
hinders or prevents binding of RNase H to a duplex molecule 
containing the oligonucleotide as one member thereof, which 
structural modification does not substantially hinder or dis 
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rupt duplex formation. Because the portions of the oligo 
nucleotide involved in duplex formation are substantially dif 
ferent from those portions involved in RNase H binding 
thereto, numerous antisense molecules that do not activate 
RNase H are available. For example, such antisense mol 
ecules may be oligonucleotides wherein at least one, or all, of 
the inter-nucleotide bridging phosphate residues are modified 
phosphates, such as methyl phosphonates, methyl phospho 
rothioates, phosphoromorpholidates, phosphoropiperazi 
dates and phosphoramidates. For example, every other one of 
the internucleotide bridging phosphate residues may be 
modified as described. In another non-limiting example, Such 
antisense molecules are molecules wherein at least one, orall, 
of the nucleotides contain a 2" lower alkyl moiety (e.g., C-C, 
linear or branched, saturated or unsaturated alkyl, such as 
methyl, ethyl, ethenyl, propyl, 1-propenyl, 2-propenyl, and 
isopropyl). For example, every other one of the nucleotides 
may be modified as described. 
0141 While antisense oligonucleotides are a preferred 
form of the antisense molecules, the present invention com 
prehends other oligomericantisense molecules, including but 
not limited to oligonucleotide mimetics such as are described 
below. 
0.142 Specific examples of preferred antisense com 
pounds useful in this invention include oligonucleotides con 
taining modified backbones or non-natural inter-nucleoside 
linkages. As defined in this specification, oligonucleotides 
having modified backbones include those that retain a phos 
phorus atom in the backbone and those that do not have a 
phosphorus atom in the backbone. For the purposes of this 
specification, and as sometimes referenced in the art, modi 
fied oligonucleotides that do not have a phosphorus atom in 
their inter-nucleoside backbone can also be considered to be 
oligonucleosides. 
0143. In other preferred oligonucleotide mimetics, both 
the Sugar and the inter-nucleoside linkage, i.e., the backbone, 
of the nucleotide units are replaced with novel groups. The 
base units are maintained for hybridization with an appropri 
ate nucleic acid target compound. One Such oligomeric com 
pound, an oligonucleotide mimetic that has been shown to 
have excellent hybridization properties, is referred to as a 
peptide nucleic acid (PNA). In PNA compounds, the sugar 
backbone of an oligonucleotide is replaced with an amide 
containing backbone, in particular an aminoethylglycine 
backbone. The nucleo-bases are retained and are bound 
directly or indirectly to aza nitrogen atoms of the amide 
portion of the backbone. 
0144) Modified oligonucleotides may also contain one or 
more Substituted Sugar moieties. Oligonucleotides may also 
include nucleobase (often referred to in the art simply as 
“base') modifications or substitutions. Certain nucleo-bases 
are particularly useful for increasing the binding affinity of 
the oligomeric compounds of the invention. These include 
5-substituted pyrimidines, 6-azapyrimidines and N-2, N-6 
and O-6 Substituted purines, including 2-aminopropylad 
enine, 5-propynyluracil and 5-propynylcytosine. 5-methyl 
cytosine Substitutions have been shown to increase nucleic 
acid duplex stability by 0.6-1.2°C. and are presently pre 
ferred base Substitutions, even more particularly when com 
bined with 2'-O-methoxyethyl sugar modifications. 
0145 Another modification of the oligonucleotides of the 
invention involves chemically linking to the oligonucleotide 
one or more moieties or conjugates that enhance the activity, 
cellular distribution or cellular uptake of the oligonucleotide. 
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Such moieties include but are not limited to lipid moieties 
Such as a cholesterol moiety, cholic acid, a thioether, e.g., 
hexyl-5-tritylthiol, a thiocholesterol, an aliphatic chain, e.g., 
dodecandiol or undecyl residues, a phospholipid, e.g., di 
hexadecyl-rac-glycerol or triethylammonium 1,2-di-O-hexa 
decyl-rac-glycero-3-H-phosphonate, a polyamine or a poly 
ethylene glycol chain, or adamantane acetic acid, a palmityl 
moiety, or an octadecylamine or hexylamino-carbonyl-oxy 
cholesterol moiety. 
0146 It is not necessary for all positions in a given com 
pound to be uniformly modified, and in fact more than one of 
the aforementioned modifications may be incorporated in a 
single compound or even at a single nucleoside within an 
oligonucleotide. The present invention also includes anti 
sense compounds that are chimeric compounds. "Chimeric' 
antisense compounds or "chimeras.” in the context of this 
invention, are antisense molecules, particularly oligonucle 
otides, which 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 compound. These 
oligonucleotides typically contain at least one region wherein 
the oligonucleotide is modified so as to confer upon the 
increased resistance to nuclease degradation, increased cel 
lular uptake, and an additional region for increased binding 
affinity for the target nucleic acid. 

III. PEPTIDE TRANSPORTERS 

0147 The antisense compounds of the invention may 
include an oligonucleotide moiety conjugated to a CPP, pref 
erably an arginine-rich peptide transport moiety effective to 
enhance transport of the compound into cells. The transport 
moiety is preferably attached to a terminus of the oligomer, as 
shown, for example, in FIGS. 1B and 1C. The peptides have 
the capability of inducing cell penetration within 30%, 40%, 
50%. 60%, 70%, 80%, 90% or 100% of cells of a given cell 
culture population, including all integers in between, and 
allow macromolecular translocation within multiple tissues 
in vivo upon systemic administration. In one embodiment, the 
cell-penetrating peptide may be an arginine-rich peptide 
transporter. In another embodiment, the cell-penetrating pep 
tide may be Penetratin or the Tat peptide. These peptides are 
well known in the art and are disclosed, for example, in US 
Publication No. 2010-0016215A1, incorporated by reference 
in its entirety. A particularly preferred approach to conjuga 
tion of peptides to antisense oligonucleotides can be found in 
PCT publication WO2012/150960, which is incorporated by 
reference in its entirety. A preferred embodiment of a peptide 
conjugated oligonucleotide of the present invention utilizes 
glycine as the linker between the CPP and the antisense 
oligonucleotide. For example, a preferred peptide conjugated 
PMO consists of R-G-PMO. 
0148. The transport moieties as described above have been 
shown to greatly enhance cell entry of attached oligomers, 
relative to uptake of the oligomer in the absence of the 
attached transport moiety. Uptake is preferably enhanced at 
least ten fold, and more preferably twenty fold, relative to the 
unconjugated compound. 
014.9 The use of arginine-rich peptide transporters (i.e., 
cell-penetrating peptides) are particularly useful in practicing 
the present invention. Certain peptide transporters have been 
shown to be highly effective at delivery of antisense com 
pounds into primary cells including muscle cells (Marshall, 
Oda et al. 2007; Jearawiriyapaisarn, Moulton et al. 2008; Wu, 
Moulton et al. 2008). Furthermore, compared to other known 
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peptide transporters such as Penetratin and the Tat peptide, 
the peptide transporters described herein, when conjugated to 
an antisense PMO, demonstrate an enhanced ability to alter 
splicing of several gene transcripts (Marshall, Oda et al. 
2007). 
0150 Exemplary peptide transporters, excluding linkers 
are given below in Table 1. 

TABLE 1. 

Exemplary peptide transporters 

SEQ 
NAME ID 

(DESIGNATION) SEQUENCE NO 

rTAT RRRORRKKR 876 

Tat RKKRRORRR g77 

RF2 RRRRRRRRRFF 878 

Rs. F2R, RRRRRFFRRRR 879 

R4 RRRR 88O 

Rs RRRRR 881 

R6 RRRRRR 882 

R7 RRRRRRR 883 

R8 RRRRRRRR 884 

Rg RRRRRRRRR 885 

(RX) RXRXRXRXRXRXRXRX 886 

(RAhxR); (POO7) RAhxRRAhxRRAhxRRAhxR 887 

(RAhxR)s; (CP04057) RAhxRRAhxRRAhxRRAhxRRAhxR 888 

(RAhxRRBR) 2; (CPO 6062) RAhxRRBRRAhxRRBR 889 

(RAR) F- RARRARRARRARFF 890 

(RGR) F- RGRRGRRGRRGRFF 891. 

'sequences assigned to SEQ ID NOS do not include the linkage 
portion (e.g. , C, G, P, AhX, B, AhXE where AhX and B refer to 
6-aminohexanoic acid and beta-alanine, respectively). 

IV. FORMULATIONS AND TREATMENT 

0151. In certain embodiments, the present invention pro 
vides formulations or compositions suitable for the therapeu 
tic delivery of antisense oligomers, as described herein. 
Hence, in certain embodiments, the present invention pro 
vides pharmaceutically acceptable compositions that com 
prise atherapeutically-effective amount of one or more of the 
oligomers described herein, formulated together with one or 
more pharmaceutically acceptable carriers (additives) and/or 
diluents. While it is possible for an oligomer of the present 
invention to be administered alone, it is preferable to admin 
ister the compound as a pharmaceutical formulation (compo 
sition). 
0152 The compositions of the present invention may be 
administered alone or in combination with another therapeu 
tic. The additional therapeutic may be administered prior, 
concurrently or Subsequently to the administration of the 
composition of the present invention. For example, the com 
positions may be administered in combination with a steroid 
and/or an antibiotic. The steroid may be a glucocorticoid or 
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prednisone. Other agents which can be administered include 
an antagonist of the ryanodine receptor, Such as dantrolene, 
which has been shown to enhance antisense-mediated exon 
skipping in patient cells and a mouse model of DMD (G. 
Kendall et al. SciTranl Med 4164ra160 (2012), incorporated 
herein by reference). 
0153 Methods for the delivery of nucleic acid molecules 
are described, for example, in Akhtar et al., 1992, Trends Cell 
Bio., 2:139; and Delivery Strategies for Antisense Oligo 
nucleotide Therapeutics, ed. Akhtar; Sullivan et al., PCTWO 
94/02595. These and other protocols can be utilized for the 
delivery of virtually any nucleic acid molecule, including the 
isolated oligomers of the present invention. 
0154 As detailed below, the pharmaceutical compositions 
of the present invention may be specially formulated for 
administration in Solid or liquid form, including those 
adapted for the following: (1) oral administration, for 
example, drenches (aqueous or non-aqueous Solutions or Sus 
pensions), tablets, e.g., those targeted for buccal, Sublingual, 
and systemic absorption, boluses, powders, granules, pastes 
for application to the tongue; (2) parenteral administration, 
for example, by Subcutaneous, intramuscular, intravenous or 
epidural injection as, for example, a sterile solution or Sus 
pension, or Sustained-release formulation; (3) topical appli 
cation, for example, as a cream, ointment, or a controlled 
release patch or spray applied to the skin; (4) intravaginally or 
intrarectally, for example, as a pessary, cream or foam; (5) 
sublingually; (6) ocularly; (7) transdermally; or (8) nasally. 
0155 The phrase “pharmaceutically acceptable' is 
employed herein to refer to those compounds, materials, 
compositions, and/or dosage forms which are, within the 
Scope of sound medical judgment, Suitable for use in contact 
with the tissues of human beings and animals without exces 
sive toxicity, irritation, allergic response, or other problem or 
complication, commensurate with a reasonable benefit/risk 
ratio. 

0156 The phrase “pharmaceutically-acceptable carrier' 
as used herein means a pharmaceutically-acceptable mate 
rial, composition or vehicle, such as a liquid or Solid filler, 
diluent, excipient, manufacturing aid (e.g., lubricant, talc 
magnesium, calcium or Zinc Stearate, or steric acid), or Sol 
vent encapsulating material, involved in carrying or trans 
porting the Subject compound from one organ, or portion of 
the body, to another organ, orportion of the body. Each carrier 
must be “acceptable' in the sense of being compatible with 
the other ingredients of the formulation and not injurious to 
the patient. 
0157 Some examples of materials that can serve as phar 
maceutically-acceptable carriers include, without limitation: 
(1) Sugars, such as lactose, glucose and Sucrose; (2) starches, 
Such as corn starch and potato starch; (3) cellulose, and its 
derivatives, such as Sodium carboxymethyl cellulose, ethyl 
cellulose and cellulose acetate; (4) powdered tragacanth; (5) 
malt; (6) gelatin; (7) talc.; (8) excipients, such as cocoa butter 
and Suppository waxes; (9) oils, such as peanut oil, cottonseed 
oil, safflower oil, Sesame oil, olive oil, corn oil and soybean 
oil, (10) glycols, such as propylene glycol; (11) polyols. Such 
as glycerin, Sorbitol, mannitol and polyethylene glycol; (12) 
esters, such as ethyl oleate and ethyl laurate; (13) agar, (14) 
buffering agents, such as magnesium hydroxide and alumi 
num hydroxide; (15) alginic acid, (16) pyrogen-free water; 
(17) isotonic saline: (18) Ringer's solution; (19) ethyl alco 
hol; (20) pH buffered solutions; (21) polyesters, polycarbon 
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ates and/or polyanhydrides; and (22) other non-toxic compat 
ible Substances employed in pharmaceutical formulations. 
0158. Additional non-limiting examples of agents suitable 
for formulation with the antisense oligomers of the instant 
invention include: PEG conjugated nucleic acids, phospho 
lipid conjugated nucleic acids, nucleic acids containing lipo 
philic moieties, phosphorothioates, P-glycoprotein inhibitors 
(such as Pluronic P85) which can enhance entry of drugs into 
various tissues; biodegradable polymers, such as poly (DL 
lactide-coglycolide) microspheres for Sustained release 
delivery after implantation (Emerich, D F et al., 1999, Cell 
Transplant, 8, 47-58) Alkermes, Inc. Cambridge, Mass.; and 
loaded nanoparticles. Such as those made of polybutylcy 
anoacrylate, which can deliver drugs across the blood brain 
barrier and can alter neuronal uptake mechanisms (Prog Neu 
ropsychopharmacol Biol Psychiatry, 23, 941-949, 1999). 
0159. The invention also features the use of the composi 
tion comprising Surface-modified liposomes containing poly 
(ethylene glycol) lipids (PEG-modified, branched and 
unbranched or combinations thereof, or long-circulating lipo 
Somes or stealth liposomes). Oligomers of the invention can 
also comprise covalently attached PEG molecules of various 
molecular weights. These formulations offer a method for 
increasing the accumulation of drugs in target tissues. This 
class of drug carriers resists opSonization and elimination by 
the mononuclear phagocytic system (MPS or RES), thereby 
enabling longer blood circulation times and enhanced tissue 
exposure for the encapsulated drug (Lasic et al. Chem. Rev. 
1995, 95, 2601-2627; Ishiwata et al., Chem. Pharm. Bull. 
1995, 43, 1005-1011). Such liposomes have been shown to 
accumulate selectively in tumors, presumably by extravasa 
tion and capture in the neovascularized targettissues (Lasic et 
al., Science 1995,267,1275-1276: Oku et al., 1995, Biochim. 
Biophys. Acta, 1238, 86-90). The long-circulating liposomes 
enhance the pharmacokinetics and pharmacodynamics of 
DNA and RNA, particularly compared to conventional cat 
ionic liposomes which are known to accumulate in tissues of 
the MPS (Liu et al., J. Biol. Chem. 1995, 42,24864-24870; 
Choi et al., International PCT Publication No. WO96/10391; 
Ansell et al., International PCT Publication No. WO 
96/10390; Holland et al., International PCT Publication No. 
WO 96/10392). Long-circulating liposomes are also likely to 
protect drugs from nuclease degradation to a greater extent 
compared to cationic liposomes, based on their ability to 
avoid accumulation in metabolically aggressive MPS tissues 
Such as the liver and spleen. 
0160. In a further embodiment, the present invention 
includes oligomer compositions prepared for delivery as 
described in U.S. Pat. Nos. 6,692,911, 7,163,695 and 7,070, 
807. In this regard, in one embodiment, the present invention 
provides an oligomer of the present invention in a composi 
tion comprising copolymers of lysine and histidine (HK) (as 
described in U.S. Pat. Nos. 7,163,695, 7,070,807, and 6,692, 
911) either alone or in combination with PEG (e.g., branched 
or unbranched PEG or a mixture of both), in combination 
with PEG and a targeting moiety or any of the foregoing in 
combination with a crosslinking agent. In certain embodi 
ments, the present invention provides antisense oligomers in 
compositions comprising gluconic-acid-modified polyhisti 
dine or gluconylated-polyhistidine/transferrin-polylysine. 
One skilled in the art will also recognize that amino acids with 
properties similar to His and Lys may be substituted within 
the composition. 
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0161 Certain embodiments of the oligomers described 
herein may contain a basic functional group, Such as amino or 
alkylamino, and are, thus, capable of forming pharmaceuti 
cally-acceptable salts with pharmaceutically-acceptable 
acids. The term “pharmaceutically-acceptable salts' in this 
respect, refers to the relatively non-toxic, inorganic and 
organic acid addition salts of compounds of the present inven 
tion. These salts can be prepared in situ in the administration 
vehicle or the dosage form manufacturing process, or by 
separately reactingapurified compound of the invention in its 
free base form with a Suitable organic or inorganic acid, and 
isolating the salt thus formed during Subsequent purification. 
Representative salts include the hydrobromide, hydrochlo 
ride, Sulfate, bisulfate, phosphate, nitrate, acetate, Valerate, 
oleate, palmitate, Stearate, laurate, benzoate, lactate, phos 
phate, tosylate, citrate, maleate, fumarate. Succinate, tartrate, 
napthylate, meSylate, glucoheptonate, lactobionate, and lau 
rylsulphonate salts and the like. (See, e.g., Berge et al. (1977) 
“Pharmaceutical Salts”, J. Pharm. Sci. 66:1-19). 
0162 The pharmaceutically acceptable salts of the subject 
oligomers include the conventional nontoxic salts or quater 
nary ammonium salts of the compounds, e.g., from non-toxic 
organic or inorganic acids. For example, Such conventional 
nontoxic salts include those derived from inorganic acids 
Such as hydrochloride, hydrobromic, Sulfuric, Sulfamic, 
phosphoric, nitric, and the like; and the salts prepared from 
organic acids such as acetic, propionic, Succinic, glycolic, 
Stearic, lactic, malic, tartaric, citric, ascorbic, palmitic, 
maleic, hydroxymaleic, phenylacetic, glutamic, benzoic, 
salicyclic, Sulfanilic, 2-acetoxybenzoic, fumaric, toluene 
Sulfonic, methanesulfonic, ethane disulfonic, oxalic, 
isothionic, and the like. 
0163. In certain embodiments, the oligomers of the 
present invention may contain one or more acidic functional 
groups and, thus, are capable of forming pharmaceutically 
acceptable salts with pharmaceutically-acceptable bases. The 
term “pharmaceutically-acceptable salts' in these instances 
refers to the relatively non-toxic, inorganic and organic base 
addition salts of compounds of the present invention. These 
salts can likewise be prepared in situ in the administration 
vehicle or the dosage form manufacturing process, or by 
separately reacting the purified compound in its free acid 
form with a suitable base, such as the hydroxide, carbonate or 
bicarbonate of a pharmaceutically-acceptable metal cation, 
with ammonia, or with a pharmaceutically-acceptable 
organic primary, secondary or tertiary amine. Representative 
alkali or alkaline earth salts include the lithium, Sodium, 
potassium, calcium, magnesium, and aluminum salts and the 
like. Representative organic amines useful for the formation 
of base addition salts include ethylamine, diethylamine, eth 
ylenediamine, ethanolamine, diethanolamine, piperazine and 
the like. (See, e.g., Berge et al., Supra). 
0164. Wetting agents, emulsifiers and lubricants, such as 
Sodium lauryl Sulfate and magnesium Stearate, as well as 
coloring agents, release agents, coating agents, Sweetening, 
flavoring and perfuming agents, preservatives and antioxi 
dants can also be present in the compositions. 
0.165 Examples of pharmaceutically-acceptable antioxi 
dants include: (1) water Soluble antioxidants, such as ascorbic 
acid, cysteine hydrochloride, Sodium bisulfate, Sodium met 
abisulfite, sodium sulfite and the like; (2) oil-soluble antioxi 
dants, such as ascorbyl palmitate, butylated hydroxyanisole 
(BHA), butylated hydroxytoluene (BHT), lecithin, propyl 
gallate, alpha-tocopherol, and the like; and (3) metal chelat 
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ing agents, such as citric acid, ethylenediamine tetraacetic 
acid (EDTA), sorbitol, tartaric acid, phosphoric acid, and the 
like. 
0166 Formulations of the present invention include those 
Suitable for oral, nasal, topical (including buccal and Sublin 
gual), rectal, vaginal and/or parenteral administration. The 
formulations may conveniently be presented in unit dosage 
form and may be prepared by any methods well known in the 
art of pharmacy. The amount of active ingredient that can be 
combined with a carrier material to produce a single dosage 
form will vary depending upon the host being treated, the 
particular mode of administration. The amount of active 
ingredient which can be combined with a carrier material to 
produce a single dosage form will generally be that amount of 
the compound which produces a therapeutic effect. Gener 
ally, out of one hundred percent, this amount will range from 
about 0.1 percent to about ninety-nine percent of active ingre 
dient, preferably from about 5 percent to about 70 percent, 
most preferably from about 10 percent to about 30 percent. 
(0167. In certain embodiments, a formulation of the 
present invention comprises an excipient selected from cyclo 
dextrins, celluloses, liposomes, micelle forming agents, e.g., 
bile acids, and polymeric carriers, e.g., polyesters and poly 
anhydrides; and an oligomer of the present invention. In 
certain embodiments, anaforementioned formulation renders 
orally bioavailable an oligomer of the present invention. 
0168 Methods of preparing these formulations or compo 
sitions include the step of bringing into association an oligo 
mer of the present invention with the carrier and, optionally, 
one or more accessory ingredients. In general, the formula 
tions are prepared by uniformly and intimately bringing into 
association a compound of the present invention with liquid 
carriers, or finely divided solid carriers, or both, and then, if 
necessary, shaping the product. 
(0169. Formulations of the invention suitable for oral 
administration may be in the form of capsules, cachets, pills, 
tablets, lozenges (using a flavored basis, usually Sucrose and 
acacia or tragacanth), powders, granules, or as a solution or a 
Suspension in an aqueous or non-aqueous liquid, or as an 
oil-in-water or water-in-oil liquid emulsion, or as an elixir or 
syrup, or as pastilles (using an inert base, such as gelatin and 
glycerin, or Sucrose and acacia) and/or as mouth washes and 
the like, each containing a predetermined amount of a com 
pound of the present invention as an active ingredient. An 
oligomer of the present invention may also be administered as 
a bolus, electuary or paste. 
0170 In solid dosage forms of the invention for oral 
administration (capsules, tablets, pills, dragees, powders, 
granules, trouches and the like), the active ingredient may be 
mixed with one or more pharmaceutically-acceptable carri 
ers. Such as Sodium citrate or dicalcium phosphate, and/or any 
of the following: (1) fillers or extenders, such as starches, 
lactose, Sucrose, glucose, mannitol, and/or silicic acid; (2) 
binders. Such as, for example, carboxymethylcellulose, algi 
nates, gelatin, polyvinyl pyrrolidone. Sucrose and/or acacia: 
(3) humectants, such as glycerol; (4) disintegrating agents, 
Such as agar-agar, calcium carbonate, potato or tapioca starch, 
alginic acid, certain silicates, and sodium carbonate; (5) solu 
tion retarding agents. Such as paraffin; (6) absorption accel 
erators, such as quaternary ammonium compounds and Sur 
factants, such as poloxamer and Sodium lauryl Sulfate; (7) 
wetting agents. Such as, for example, cetyl alcohol, glycerol 
monostearate, and non-ionic Surfactants; (8) absorbents. Such 
as kaolin and bentonite clay; (9) lubricants, such as talc, 
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calcium Stearate, magnesium Stearate, Solid polyethylene gly 
cols, sodium lauryl Sulfate, Zinc stearate, Sodium Stearate, 
Stearic acid, and mixtures thereof: (10) coloring agents; and 
(11) controlled release agents such as crospovidone or ethyl 
cellulose. In the case of capsules, tablets and pills, the phar 
maceutical compositions may also comprise buffering 
agents. Solid compositions of a similar type may also be 
employed as fillers in Soft and hard-shelled gelatin capsules 
using Such excipients as lactose or milk Sugars, as well as high 
molecular weight polyethylene glycols and the like. 
0171 A tablet may be made by compression or molding, 
optionally with one or more accessory ingredients. Com 
pressed tablets may be prepared using binder (e.g., gelatin or 
hydroxypropylmethyl cellulose), lubricant, inert diluent, pre 
servative, disintegrant (for example, sodium starch glycolate 
or cross-linked sodium carboxymethyl cellulose), Surface 
active or dispersing agent. Molded tablets may be made by 
molding in a suitable machine a mixture of the powdered 
compound moistened with an inert liquid diluent. 
0172. The tablets, and other solid dosage forms of the 
pharmaceutical compositions of the present invention, Such 
as dragees, capsules, pills and granules, may optionally be 
scored or prepared with coatings and shells, such as enteric 
coatings and other coatings well known in the pharmaceuti 
cal-formulating art. They may also be formulated so as to 
provide slow or controlled release of the active ingredient 
therein using, for example, hydroxypropylmethyl cellulose in 
varying proportions to provide the desired release profile, 
other polymer matrices, liposomes and/or microspheres. 
They may be formulated for rapid release, e.g., freeze-dried. 
They may be sterilized by, for example, filtration through a 
bacteria-retaining filter, or by incorporating sterilizing agents 
in the form of sterile solid compositions which can be dis 
solved in sterile water, or some other sterile injectable 
medium immediately before use. These compositions may 
also optionally contain opacifying agents and may be of a 
composition that they release the active ingredient(s) only, or 
preferentially, in a certain portion of the gastrointestinal tract, 
optionally, in a delayed manner. Examples of embedding 
compositions which can be used include polymeric Sub 
stances and waxes. The active ingredient can also be in micro 
encapsulated form, if appropriate, with one or more of the 
above-described excipients. 
0173 Liquid dosage forms for oral administration of the 
compounds of the invention include pharmaceutically 
acceptable emulsions, microemulsions, Solutions, Suspen 
sions, syrups and elixirs. In addition to the active ingredient, 
the liquid dosage forms may contain inert diluents commonly 
used in the art, such as, for example, water or other solvents, 
solubilizing agents and emulsifiers, such as ethyl alcohol, 
isopropyl alcohol, ethyl carbonate, ethylacetate, benzyl alco 
hol, benzyl benzoate, propylene glycol. 1,3-butylene glycol, 
oils (in particular, cottonseed, groundnut, corn, germ, olive, 
castor and sesame oils), glycerol, tetrahydrofuryl alcohol, 
polyethylene glycols and fatty acid esters of Sorbitan, and 
mixtures thereof. 

0.174 Besides inert diluents, the oral compositions can 
also include adjuvants such as wetting agents, emulsifying 
and Suspending agents, Sweetening, flavoring, coloring, per 
fuming and preservative agents. 
0175 Suspensions, in addition to the active compounds, 
may contain Suspending agents as, for example, ethoxylated 
isostearyl alcohols, polyoxyethylene Sorbitol and Sorbitan 
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esters, microcrystalline cellulose, aluminum metahydroxide, 
bentonite, agar-agar and tragacanth, and mixtures thereof. 
0176 Formulations for rectal or vaginal administration 
may be presented as a Suppository, which may be prepared by 
mixing one or more compounds of the invention with one or 
more Suitable nonirritating excipients or carriers comprising, 
for example, cocoa butter, polyethylene glycol, a Suppository 
wax or a salicylate, and which is solid at room temperature, 
but liquid at body temperature and, therefore, will melt in the 
rectum or vaginal cavity and release the active compound. 
0177. Formulations or dosage forms for the topical or 
transdermal administration of an oligomeras provided herein 
include powders, sprays, ointments, pastes, creams, lotions, 
gels, Solutions, patches and inhalants. The active oligomers 
may be mixed under sterile conditions with a pharmaceuti 
cally-acceptable carrier, and with any preservatives, buffers, 
or propellants which may be required. The ointments, pastes, 
creams and gels may contain, in addition to an active com 
pound of this invention, excipients, such as animal and Veg 
etable fats, oils, waxes, paraffins, starch, tragacanth, cellulose 
derivatives, polyethylene glycols, silicones, bentonites, 
silicic acid, talc and Zinc oxide, or mixtures thereof. 
0.178 Powders and sprays can contain, in addition to an 
oligomer of the present invention, excipients such as lactose, 
talc, silicic acid, aluminum hydroxide, calcium silicates and 
polyamide powder, or mixtures of these Substances. Sprays 
can additionally contain customary propellants, such as chlo 
rofluorohydrocarbons and volatile unsubstituted hydrocar 
bons, such as butane and propane. 
0179 Transdermal patches have the added advantage of 
providing controlled delivery of an oligomer of the present 
invention to the body. Such dosage forms can be made by 
dissolving or dispersing the oligomer in the proper medium. 
Absorption enhancers can also be used to increase the flux of 
the agent across the skin. The rate of Such flux can be con 
trolled by either providing a rate controlling membrane or 
dispersing the agent in a polymer matrix or gel, among other 
methods known in the art. 
0180 Pharmaceutical compositions suitable for 
parenteral administration may comprise one or more oligo 
mers of the invention in combination with one or more phar 
maceutically-acceptable sterile isotonic aqueous or nonaque 
ous solutions, dispersions, Suspensions or emulsions, or 
sterile powders which may be reconstituted into sterile inject 
able Solutions or dispersions just prior to use, which may 
contain Sugars, alcohols, antioxidants, buffers, bacteriostats, 
solutes which render the formulation isotonic with the blood 
of the intended recipient or Suspending or thickening agents. 
Examples of suitable aqueous and nonaqueous carriers which 
may be employed in the pharmaceutical compositions of the 
invention include water, ethanol, polyols (such as glycerol, 
propylene glycol, polyethylene glycol, and the like), and Suit 
able mixtures thereof, vegetable oils, such as olive oil, and 
injectable organic esters, such as ethyl oleate. Proper fluidity 
can be maintained, for example, by the use of coating mate 
rials, such as lecithin, by the maintenance of the required 
particle size in the case of dispersions, and by the use of 
Surfactants. 
0181. These compositions may also contain adjuvants 
Such as preservatives, wetting agents, emulsifying agents and 
dispersing agents. Prevention of the action of microorgan 
isms upon the Subject oligomers may be ensured by the inclu 
sion of various antibacterial and antifungal agents, for 
example, paraben, chlorobutanol, phenol Sorbic acid, and the 
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like. It may also be desirable to include isotonic agents. Such 
as Sugars, Sodium chloride, and the like into the compositions. 
In addition, prolonged absorption of the injectable pharma 
ceutical form may be brought about by the inclusion of agents 
which delay absorption Such as aluminum monostearate and 
gelatin. 
0182. In some cases, in order to prolong the effect of a 
drug, it is desirable to slow the absorption of the drug from 
Subcutaneous or intramuscular injection. This may be accom 
plished by the use of a liquid Suspension of crystalline or 
amorphous material having poor water solubility, among 
other methods known in the art. The rate of absorption of the 
drug then depends upon its rate of dissolution which, in turn, 
may depend upon crystal size and crystalline form. Alterna 
tively, delayed absorption of a parenterally-administered 
drug form is accomplished by dissolving or Suspending the 
drug in an oil vehicle. 
0183 Injectable depot forms may be made by forming 
microencapsule matrices of the Subject oligomers in biode 
gradable polymers such as polylactide-polyglycolide. 
Depending on the ratio of oligomer to polymer, and the nature 
of the particular polymer employed, the rate of oligomer 
release can be controlled. Examples of other biodegradable 
polymers include poly(orthoesters) and poly(anhydrides). 
Depot injectable formulations may also prepared by entrap 
ping the drug in liposomes or microemulsions that are com 
patible with body tissues. 
0184. When the oligomers of the present invention are 
administered as pharmaceuticals, to humans and animals, 
they can be given perse or as a pharmaceutical composition 
containing, for example, 0.1 to 99% (more preferably, 10 to 
30%) of active ingredient in combination with a pharmaceu 
tically acceptable carrier. 
0185. As noted above, the formulations or preparations of 
the present invention may be given orally, parenterally, sys 
temically, topically, rectally or intramuscular administartion. 
They are typically given in forms suitable for each adminis 
tration route. For example, they are administered in tablets or 
capsule form, by injection, inhalation, eye lotion, ointment, 
Suppository, etc. administration by injection, infusion or 
inhalation; topical by lotion or ointment; and rectal by Sup 
positories. 
0186 The phrases “parenteral administration' and 
“administered parenterally as used herein means modes of 
administration other than enteral and topical administration, 
usually by injection, and includes, without limitation, intra 
venous, intramuscular, intraarterial, intrathecal, intracapsu 
lar, intraorbital, intracardiac, intradermal, intraperitoneal, 
transtracheal. Subcutaneous, Subcuticular, intraarticular, Sub 
capsular, Subarachnoid, intraspinal and intrasternal injection 
and infusion. 
0187. The phrases “systemic administration.” “adminis 
tered systemically,” “peripheral administration' and “admin 
istered peripherally as used herein mean the administration 
of a compound, drug or other material other than directly into 
the central nervous system, Such that it enters the patients 
system and, thus, is subject to metabolism and other like 
processes, for example, Subcutaneous administration. 
0188 Regardless of the route of administration selected, 
the oligomers of the present invention, which may be used in 
a suitable hydrated form, and/or the pharmaceutical compo 
sitions of the present invention, may be formulated into phar 
maceutically-acceptable dosage forms by conventional meth 
ods known to those of skill in the art. Actual dosage levels of 
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the active ingredients in the pharmaceutical compositions of 
this invention may be varied so as to obtain an amount of the 
active ingredient which is effective to achieve the desired 
therapeutic response for a particular patient, composition, 
and mode of administration, without being unacceptably 
toxic to the patient. 
0189 The selected dosage level will depend upon a variety 
of factors including the activity of the particular oligomer of 
the present invention employed, or the ester, salt or amide 
thereof, the route of administration, the time of administra 
tion, the rate of excretion or metabolism of the particular 
oligomer being employed, the rate and extent of absorption, 
the duration of the treatment, other drugs, compounds and/or 
materials used in combination with the particular oligomer 
employed, the age, sex, weight, condition, general health and 
prior medical history of the patient being treated, and like 
factors well known in the medical arts. 

0190. A physician or veterinarian having ordinary skill in 
the art can readily determine and prescribe the effective 
amount of the pharmaceutical composition required. For 
example, the physician or veterinarian could start doses of the 
compounds of the invention employed in the pharmaceutical 
composition at levels lower than that required in order to 
achieve the desired therapeutic effect and gradually increase 
the dosage until the desired effect is achieved. In general, a 
suitable daily dose of a compound of the invention will be that 
amount of the compound which is the lowest dose effective to 
produce a therapeutic effect. Such an effective dose will gen 
erally depend upon the factors described above. Generally, 
oral, intravenous, intracerebroVentricular, intramuscular and 
Subcutaneous doses of the compounds of this invention for a 
patient, when used for the indicated effects, will range from 
about 0.0001 to about 100 mg per kilogram of body weight 
per day. 
0191 Preferred doses of the oligomers of the present 
invention (e.g., phosphorodiamidate morpholino oligomers; 
eteplirsen) are administered generally from about 20-100 
mg/kg. In some cases, doses of greater than 100 mg/kg may 
be necessary. For i.v. administration, preferred doses are from 
about 0.5 mg to 100 mg/kg. In some embodiments, the oli 
gomers are administered at doses of about 20 mg/kg, 21 
mg/kg, 25 mg/kg, 26 mg/kg, 27 mg/kg, 28 mg/kg, 29 mg/kg, 
30 mg/kg, 31 mg/kg, 32 mg/kg, 33 mg/kg, 34 mg/kg, 35 
mg/kg, 36 mg/kg, 37 mg/kg, 38 mg/kg, 39 mg/kg, 40 mg/kg, 
41 mg/kg, 42 mg/kg, 43 mg/kg, 44 mg/kg, 45 mg/kg, 46 
mg/kg, 47 mg/kg, 48 mg/kg, 49 mg/kg 50 mg/kg, 51 mg/kg, 
52 mg/kg, 53 mg/kg, 54 mg/kg, 55 mg/kg, 56 mg/kg, 57 
mg/kg, 58 mg/kg, 59 mg/kg, 60 mg/kg, 65 mg/kg, 70 mg/kg, 
75 mg/kg, 80 mg/kg, 85 mg/kg, 90 mg/kg, 95 mg/kg, 100 
mg/kg, including all integers in between. In a preferred 
embodiment, the oligomer is administered at 30 mg/kg. In 
another preferred embodiment, the oligomer is administered 
at 50 mg/kg. 
0.192 If desired, the effective daily dose of the active com 
pound may be administered as two, three, four, five, six or 
more sub-doses administered separately at appropriate inter 
vals throughout the day, optionally, in unit dosage forms. In 
certain situations, dosing is one administration per day. In 
certain embodiments, dosing is one or more administration 
per every 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14 days, or every 
1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12 weeks, or every 1, 2, 3, 4, 5, 
6,7,8,9, 10, 11, 12 months, as needed, to maintain the desired 
expression of a functional dystrophin protein. 
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0193 In some embodiments, the oligomers of the present 
invention (e.g., phosphorodiamidate morpholino oligomers; 
eteplirsen) are administered, generally at regular intervals 
(e.g., daily, weekly, biweekly, monthly, bimonthly). The oli 
gomers may be administered at regular intervals, e.g., daily; 
once every two days; once every three days; once every 3 to 7 
days; once every 3 to 10 days; once every 7 to 10 days; once 
every week; once every two weeks; once monthly. For 
example, the oligomers may be administered once weekly by 
intravenous infusion. The oligomers may be administered 
intermittently over a longer period of time, e.g., for several 
weeks, months or years. For example, the oligomers may be 
administered once every one, two, three, four, five, six, seven, 
eight, nine, ten, eleven or twelve months. In addition, the 
oligomers may be administered once every one, two, three, 
four or five years. Administration may be followed by, or 
concurrent with, administration of an antibiotic, Steroid or 
other therapeutic agent. The treatment regimen may be 
adjusted (dose, frequency, route, etc.) as indicated, based on 
the results of immunoassays, other biochemical tests and 
physiological examination of the Subject under treatment. 
0194 Nucleic acid molecules can be administered to cells 
by a variety of methods known to those familiar to the art, 
including, but not restricted to, encapsulation in liposomes, 
by iontophoresis, or by incorporation into other vehicles, 
Such as hydrogels, cyclodextrins, biodegradable nanocap 
Sules, and bioadhesive microspheres, as described herein and 
known in the art. In certain embodiments, microemulsifica 
tion technology may be utilized to improve bioavailability of 
lipophilic (waterinsoluble) pharmaceutical agents. Examples 
include Trimetrine (Dordunoo, S. K., et al., Drug Develop 
ment and Industrial Pharmacy, 17(12), 1685-1713, 1991 and 
REV 5901 (Sheen, P. C., et al., J Pharm Sci 80(7), 712-714, 
1991). Among other benefits, microemulsification provides 
enhanced bioavailability by preferentially directing absorp 
tion to the lymphatic system instead of the circulatory system, 
which thereby bypasses the liver, and prevents destruction of 
the compounds in the hepatobiliary circulation. 
0.195. In one aspect of invention, the formulations contain 
micelles formed from an oligomer as provided herein and at 
least one amphiphilic carrier, in which the micelles have an 
average diameter of less than about 100 nm. More preferred 
embodiments provide micelles having an average diameter 
less than about 50 nm, and even more preferred embodiments 
provide micelles having an average diameter less than about 
30 nm, or even less than about 20 nm. 
0196. While all suitable amphiphilic carriers are contem 
plated, the presently preferred carriers are generally those that 
have Generally-Recognized-as-Safe (GRAS) status, and that 
can both solubilize the compound of the present invention and 
microemulsify it at a later stage when the Solution comes into 
a contact with a complex water phase (such as one found in 
human gastro-intestinal tract). Usually, amphiphilic ingredi 
ents that satisfy these requirements have HLB (hydrophilic to 
lipophilic balance) values of 2-20, and their structures contain 
straight chain aliphatic radicals in the range of C-6 to C-20. 
Examples are polyethylene-glycolized fatty glycerides and 
polyethylene glycols. 
0.197 Examples of amphiphilic carriers include saturated 
and monounsaturated polyethyleneglycolyzed fatty acid 
glycerides, such as those obtained from fully or partially 
hydrogenated various vegetable oils. Such oils may advanta 
geously consist of tri-, di-, and mono-fatty acid glycerides and 
di- and mono-polyethyleneglycol esters of the corresponding 
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fatty acids, with a particularly preferred fatty acid composi 
tion including capric acid 4-10, capric acid 3-9, lauric acid 
40-50, myristic acid 14-24, palmitic acid 4-14 and stearic acid 
5-15%. Another useful class of amphiphilic carriers includes 
partially esterified sorbitan and/or sorbitol, with saturated or 
mono-unsaturated fatty acids (SPAN-series) or correspond 
ing ethoxylated analogs (TWEEN-series). 
0198 Commercially available amphiphilic carriers may 
be particularly useful, including Gelucire-series, Labrafil. 
Labrasol, or Lauroglycol (all manufactured and distributed 
by Gattefosse Corporation, Saint Priest, France), PEG-mono 
oleate, PEG-di-oleate, PEG-mono-laurate and di-laurate, 
Lecithin, Polysorbate 80, etc (produced and distributed by a 
number of companies in USA and worldwide). 
0199. In certain embodiments, the delivery may occur by 
use of liposomes, nanocapsules, microparticles, micro 
spheres, lipid particles, Vesicles, and the like, for the intro 
duction of the compositions of the present invention into 
Suitable host cells. In particular, the compositions of the 
present invention may be formulated for delivery either 
encapsulated in a lipid particle, a liposome, a vesicle, a nano 
sphere, a nanoparticle or the like. The formulation and use of 
Such delivery vehicles can be carried out using known and 
conventional techniques. 
0200 Hydrophilic polymers suitable for use in the present 
invention are those which are readily water-soluble, can be 
covalently attached to a vesicle-forming lipid, and which are 
tolerated in vivo without toxic effects (i.e., are biocompat 
ible). Suitable polymers include polyethylene glycol (PEG), 
polylactic (also termed polylactide), polyglycolic acid (also 
termed polyglycolide), a polylactic-polyglycolic acid 
copolymer, and polyvinyl alcohol. In certain embodiments, 
polymers have a molecular weight of from about 100 or 120 
daltons up to about 5,000 or 10,000 daltons, or from about 
300 daltons to about 5,000 daltons. In other embodiments, the 
polymer is polyethyleneglycol having a molecular weight of 
from about 100 to about 5,000 daltons, or having a molecular 
weight of from about 300 to about 5,000 daltons. In certain 
embodiments, the polymer is polyethyleneglycol of 750 dal 
tons (PEG(750)). Polymers may also be defined by the num 
ber of monomers therein; a preferred embodiment of the 
present invention utilizes polymers of at least about three 
monomers, such PEG polymers consisting of three mono 
mers (approximately 150 daltons). 
0201 Other hydrophilic polymers which may be suitable 
for use in the present invention include polyvinylpyrrolidone, 
polymethoxazoline, polyethyloxazoline, polyhydroxypropyl 
methacrylamide, polymethacrylamide, polydimethylacryla 
mide, and derivatized celluloses such as hydroxymethylcel 
lulose or hydroxyethylcellulose. 
0202. In certain embodiments, a formulation of the 
present invention comprises a biocompatible polymer 
selected from the group consisting of polyamides, polycar 
bonates, polyalkylenes, polymers of acrylic and methacrylic 
esters, polyvinyl polymers, polyglycolides, polysiloxanes, 
polyurethanes and co-polymers thereof, celluloses, polypro 
pylene, polyethylenes, polystyrene, polymers of lactic acid 
and glycolic acid, polyanhydrides, poly(ortho)esters, poly 
(butic acid), poly(Valeric acid), poly(lactide-co-caprolac 
tone), polysaccharides, proteins, polyhyaluronic acids, poly 
cyanoacrylates, and blends, mixtures, or copolymers thereof. 
0203 Cyclodextrins are cyclic oligosaccharides, consist 
ing of 6, 7 or 8 glucose units, designated by the Greek letter C. 
B, or Y, respectively. The glucose units are linked by C-1,4- 
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glucosidic bonds. As a consequence of the chair conformation 
of the Sugar units, all secondary hydroxyl groups (at C-2, C-3) 
are located on one side of the ring, while all the primary 
hydroxyl groups at C-6 are situated on the other side. As a 
result, the external faces are hydrophilic, making the cyclo 
dextrins water-soluble. In contrast, the cavities of the cyclo 
dextrins are hydrophobic, since they are lined by the hydro 
gen of atoms C-3 and C-5, and by ether-like oxygens. These 
matrices allow complexation with a variety of relatively 
hydrophobic compounds, including, for instance, steroid 
compounds such as 17O-estradiol (see, e.g., van Uden et al. 
Plant CelTiss. Org. Cult. 38:1-3-113 (1994)). The complex 
ation takes place by Vander Waals interactions and by hydro 
gen bond formation. For a general review of the chemistry of 
cyclodextrins, see, Wenz, Agnew. Chem. Int. Ed. Engl. 
33:803-822 (1994). 
0204 The physico-chemical properties of the cyclodex 

trin derivatives depend strongly on the kind and the degree of 
substitution. For example, their solubility in water ranges 
from insoluble (e.g., triacetyl-beta-cyclodextrin) to 147% 
soluble (w/v) (G-2-beta-cyclodextrin). In addition, they are 
soluble in many organic solvents. The properties of the cyclo 
dextrins enable the control over solubility of various formu 
lation components by increasing or decreasing their solubil 
ity. 
0205 Numerous cyclodextrins and methods for their 
preparation have been described. For example, Parmeter (I), 
et al. (U.S. Pat. No. 3,453.259) and Gramera, et al. (U.S. Pat. 
No. 3,459,731) described electroneutral cyclodextrins. Other 
derivatives include cyclodextrins with cationic properties 
Parmeter (II), U.S. Pat. No. 3,453,257, insoluble 
crosslinked cyclodextrins (Solms, U.S. Pat. No. 3,420.788), 
and cyclodextrins with anionic properties Parmeter (III), 
U.S. Pat. No. 3,426,011. Among the cyclodextrin derivatives 
with anionic properties, carboxylic acids, phosphorous acids, 
phosphinous acids, phosphonic acids, phosphoric acids, thio 
phosphonic acids, thiosulphinic acids, and Sulfonic acids 
have been appended to the parent cyclodextrinsee, Parmeter 
(III), supra. Furthermore, sulfoalkyl ether cyclodextrin 
derivatives have been described by Stella, et al. (U.S. Pat. No. 
5,134,127). 
0206 Liposomes consist of at least one lipid bilayer mem 
brane enclosing an aqueous internal compartment. Lipo 
Somes may be characterized by membrane type and by size. 
Small unilamellar vesicles (SUVs) have a single membrane 
and typically range between 0.02 and 0.05 um in diameter; 
large unilamellar vesicles (LUVS) are typically larger than 
0.05 um. Oligolamellar large vesicles and multilamellar 
vesicles have multiple, usually concentric, membrane layers 
and are typically larger than 0.1 um. Liposomes with several 
nonconcentric membranes, i.e., several Smaller vesicles con 
tained within a larger vesicle, are termed multivesicular 
vesicles. 

0207. One aspect of the present invention relates to for 
mulations comprising liposomes containing an oligomer of 
the present invention, where the liposome membrane is for 
mulated to provide a liposome with increased carrying capac 
ity. Alternatively or in addition, the compound of the present 
invention may be contained within, or adsorbed onto, the 
liposome bilayer of the liposome. An oligomer of the present 
invention may be aggregated with a lipid surfactant and car 
ried within the liposome's internal space; in these cases, the 
liposome membrane is formulated to resist the disruptive 
effects of the active agent-Surfactant aggregate. 

20 
Nov. 6, 2014 

0208 According to one embodiment of the present inven 
tion, the lipid bilayer of a liposome contains lipids derivatized 
with polyethylene glycol (PEG), such that the PEG chains 
extend from the inner surface of the lipid bilayer into the 
interior space encapsulated by the liposome, and extend from 
the exterior of the lipid bilayer into the surrounding environ 
ment. 

0209 Active agents contained within liposomes of the 
present invention are in Solubilized form. Aggregates of Sur 
factant and active agent (Such as emulsions or micelles con 
taining the active agent of interest) may be entrapped within 
the interior space of liposomes according to the present inven 
tion. A Surfactant acts to disperse and solubilize the active 
agent, and may be selected from any suitable aliphatic, 
cycloaliphatic or aromatic Surfactant, including but not lim 
ited to biocompatible lysophosphatidylcholines (LPGs) of 
varying chain lengths (for example, from about C14 to about 
C20). Polymer-derivatized lipids such as PEG-lipids may 
also be utilized for micelleformation as they will act to inhibit 
micelle/membrane fusion, and as the addition of a polymer to 
surfactant molecules decreases the CMC of the surfactant and 
aids in micelle formation. Preferred are surfactants with 
CMOs in the micromolar range; higher CMC surfactants may 
be utilized to prepare micelles entrapped within liposomes of 
the present invention. 
0210 Liposomes according to the present invention may 
be prepared by any of a variety of techniques that are known 
in the art. See, e.g., U.S. Pat. No. 4,235,871; Published PCT 
applications WO 96/14057; New RRC, Liposomes: A prac 
tical approach, IRL Press, Oxford (1990), pages 33-104; 
Lasic D D, Liposomes from physics to applications, Elsevier 
Science Publishers BV. Amsterdam, 1993. For example, lipo 
Somes of the present invention may be prepared by diffusing 
a lipid derivatized with a hydrophilic polymer into preformed 
liposomes, such as by exposing preformed liposomes to 
micelles composed of lipid-grafted polymers, at lipid concen 
trations corresponding to the final mole percent of derivatized 
lipid which is desired in the liposome. Liposomes containing 
a hydrophilic polymer can also be formed by homogeniza 
tion, lipid-field hydration, or extrusion techniques, as are 
known in the art. 

0211. In another exemplary formulation procedure, the 
active agent is first dispersed by Sonication in a lysophos 
phatidylcholine or other low CMC surfactant (including 
polymer grafted lipids) that readily solubilizes hydrophobic 
molecules. The resulting micellar Suspension of active agent 
is then used to rehydrate a dried lipid sample that contains a 
suitable mole percent of polymer-grafted lipid, or cholesterol. 
The lipid and active agent Suspension is then formed into 
liposomes using extrusion techniques as are known in the art, 
and the resulting liposomes separated from the unencapsu 
lated solution by standard column separation. 
0212. In one aspect of the present invention, the liposomes 
are prepared to have Substantially homogeneous sizes in a 
selected size range. One effective sizing method involves 
extruding an aqueous Suspension of the liposomes through a 
series of polycarbonate membranes having a selected uni 
form pore size; the pore size of the membrane will correspond 
roughly with the largest sizes of liposomes produced by 
extrusion through that membrane. See e.g., U.S. Pat. No. 
4.737.323 (Apr. 12, 1988). In certain embodiments, reagents 
such as DharmaFECTR) and Lipofectamine(R) may be utilized 
to introduce polynucleotides or proteins into cells. 
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0213. The release characteristics of a formulation of the 
present invention depend on the encapsulating material, the 
concentration of encapsulated drug, and the presence of 
release modifiers. For example, release can be manipulated to 
be pH dependent, for example, using a pH sensitive coating 
that releases only at a low pH, as in the stomach, or a higher 
pH, as in the intestine. An enteric coating can be used to 
prevent release from occurring until after passage through the 
stomach. Multiple coatings or mixtures of cyanamide encap 
sulated in different materials can be used to obtain an initial 
release in the stomach, followed by later release in the intes 
tine. Release can also be manipulated by inclusion of salts or 
pore forming agents, which can increase water uptake or 
release of drug by diffusion from the capsule. Excipients 
which modify the solubility of the drug can also be used to 
control the release rate. Agents which enhance degradation of 
the matrix or release from the matrix can also be incorporated. 
They can be added to the drug, added as a separate phase (i.e., 
as particulates), or can be co-dissolved in the polymer phase 
depending on the compound. In most cases the amount should 
be between 0.1 and thirty percent (w/w polymer). Types of 
degradation enhancers include inorganic salts such as ammo 
nium Sulfate and ammonium chloride, organic acids Such as 
citric acid, benzoic acid, and ascorbic acid, inorganic bases 
Such as sodium carbonate, potassium carbonate, calcium car 
bonate, Zinc carbonate, and Zinc hydroxide, and organic bases 
Such as protamine Sulfate, spermine, choline, ethanolamine, 
diethanolamine, and triethanolamine and Surfactants such as 
Tween(R) and Pluronic R. Pore forming agents which add 
microstructure to the matrices (i.e., water Soluble compounds 
Such as inorganic salts and Sugars) are added as particulates. 
The range is typically between one and thirty percent (w/w 
polymer). 
0214 Uptake can also be manipulated by altering resi 
dence time of the particles in the gut. This can beachieved, for 
example, by coating the particle with, or selecting as the 
encapsulating material, a mucosal adhesive polymer. 
Examples include most polymers with free carboxyl groups, 
Such as chitosan, celluloses, and especially polyacrylates (as 
used herein, polyacrylates refers to polymers including acry 
late groups and modified acrylate groups such as cyanoacry 
lates and methacrylates). 
0215. An oligomer may be formulated to be contained 
within, or, adapted to release by a Surgical or medical device 
or implant. In certain aspects, an implant may be coated or 
otherwise treated with an oligomer. For example, hydrogels, 
or other polymers, such as biocompatible and/or biodegrad 
able polymers, may be used to coat an implant with the 
compositions of the present invention (i.e., the composition 
may be adapted for use with a medical device by using a 
hydrogel or other polymer). Polymers and copolymers for 
coating medical devices with an agent are well-known in the 
art. Examples of implants include, but are not limited to, 
stents, drug-eluting stents, Sutures, prosthesis, vascular cath 
eters, dialysis catheters, vascular grafts, prosthetic heart 
valves, cardiac pacemakers, implantable cardioverter 
defibrillators, IV needles, devices for bone setting and forma 
tion, such as pins, screws, plates, and other devices, and 
artificial tissue matrices for wound healing. 
0216. In addition to the methods provided herein, the oli 
gomers for use according to the invention may be formulated 
for administration in any convenient way for use in human or 
Veterinary medicine, by analogy with other pharmaceuticals. 
The antisense oligomers and their corresponding formula 
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tions may be administered alone or in combination with other 
therapeutic strategies in the treatment of muscular dystrophy, 
Such as myoblast transplantation, stem cell therapies, admin 
istration of aminoglycoside antibiotics, proteasome inhibi 
tors, and up-regulation therapies (e.g., upregulation of utro 
phin, an autosomal paralogue of dystrophin). 
0217. The routes of administration described are intended 
only as a guide since a skilled practitioner will be able to 
determine readily the optimum route of administration and 
any dosage for any particular animal and condition. Multiple 
approaches for introducing functional new genetic material 
into cells, both in vitro and in vivo have been attempted 
(Friedmann (1989) Science, 244:1275-1280). These 
approaches include integration of the gene to be expressed 
into modified retroviruses (Friedmann (1989) supra; Rosen 
berg (1991) Cancer Research 51(18), suppl.: 5074S-5079S): 
integration into non-retrovirus vectors (e.g., adeno-associ 
ated viral vectors) (Rosenfeld, et al. (1992) Cell, 68:143-155: 
Rosenfeld, et al. (1991) Science, 252:431-434); or delivery of 
a transgene linked to a heterologous promoter-enhancer ele 
ment via liposomes (Friedmann (1989), supra; Brigham, et al. 
(1989) Am. J. Med. Sci., 298:278-281; Nabel, et al. (1990) 
Science, 249:1285-1288; Hazinski, et al. (1991) Am. J. Resp. 
Cell Molec. Biol. 4:206-209; and Wang and Huang (1987) 
Proc. Natl. Acad. Sci. (USA), 84:7851-7855); coupled to 
ligand-specific, cation-based transport systems (Wu and Wu 
(1988).J. Biol. Chem.,263:14621-14624) or the use of naked 
DNA, expression vectors (Nabeletal. (1990), supra); Wolffet 
al. (1990) Science, 247: 1465-1468). Direct injection of trans 
genes into tissue produces only localized expression (Rosen 
feld (1992) supra); Rosenfeld et al. (1991) supra; Brigham et 
al. (1989) supra; Nabel (1990) supra; and Hazinski et al. 
(1991) supra). The Brigham et al. group (Am. J. Med. Sci. 
(1989) 298:278-281 and Clinical Research (1991) 39 (ab 
stract)) have reported in Vivo transfection only of lungs of 
mice following either intravenous or intratracheal adminis 
tration of a DNA liposome complex. An example of a review 
article of human gene therapy procedures is: Anderson, Sci 
ence (1992) 256:808–813. 

V. KITS 

0218. The invention also provides kits for treatment of a 
patient with a genetic disease which kit comprises at least an 
antisense molecule (e.g., one or more antisense oligonucle 
otides capable of specifically hybridizing to any one or more 
of exons 1-79 of the dystrophin gene; for example, Exon 51 as 
set forth in Tables 3 and 4 herein), packaged in a suitable 
container, together with instructions for its use. The kits may 
also contain peripheral reagents such as buffers, stabilizers, 
etc. Those of ordinary skill in the field should appreciate that 
applications of the above method has wide application for 
identifying antisense molecules Suitable for use in the treat 
ment of many other diseases. 

VII. EXAMPLES 

Materials and Methods 

Patients 

0219 Eligible patients were between 7 and 13 years of age 
(inclusive), with out-of-frame deletions of the DMD gene that 
could be corrected by skipping exon 51. Patients were con 
firmed to have stable cardiac and pulmonary function and a 
stable dose of glucocorticoids for at least 24 weeks prior to 
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enrollment. Only patients who could walk between 200 and 
400 meters (+10%) on the 6-Minute Walk Test (6MWT) at 
baseline were enrolled. 

Study Design 

0220. This one-year trial was conducted in two phases: (1) 
treatment was double-blind through week 24 and (2) open 
label thereafter. Primary endpoints were change in percent 
dystrophin fibers and ambulation as measured by the 
6-Minute Walk Test (6MWT). 
0221 Study 201 was a single-site, randomized, double 
blind, placebo-controlled, multiple-dose efficacy, safety and 
tolerability trial of eteplirsen. Twelve patients with DMD 
were randomized to one of three groups: eteplirsen 30 mg/kg/ 
week (Cohort 1): eteplirsen 50 mg/kg/week (Cohort 2); or 
placebo/delayed eteplirsen (Cohort 3). All patients received 
weekly intravenous eteplirsen or placebo/delayed eteplirsen 
dosing. Placebo-treated patients crossed over to weekly etep 
lirsen 30 (n=2) or 50 mg/kg (n=2) at week 25. Efficacy and 
safety were assessed at scheduled visits, and an independent 
Data Safety Monitoring Board ensured the welfare of all 
patients. All patients had bicep biopsies at baseline. Follow 
up biopsies were performed in the opposite arm (biceps) at 
week 12 for the 50 mg/kg group and two placebo-treated 
patients and at week 24 for the 30 mg/kg group and two 
placebo-treated patients. 
0222 Patients continued weekly dosing with 30 or 50 
mg/kg eteplirsen under Study 202, a long-term, open-label 
extension study. All efficacy assessments continued to be 
performed during Study 202, including a third biopsy (in the 
left deltoid muscle) in all patients at week 48. Monitoring of 
adverse events continued throughout the study. A schematic 
of the study design is shown in FIG. 1. 

Study Drug 

0223 Eteplirsen sequence 5'-CTCCAACATCAAG 
GAAGATGGCATTTCTAG-3' (SEQ ID NO: 1) was sup 
plied by Sarepta Therapeutics, Inc. in single-use vials of 
phosphate-buffered saline (100 mg/ml). Eteplirsen was 
reconstituted with 150 ml normal saline and infused over 60 
minutes. Placebo, administered during the first 24 weeks of 
Study 201, was supplied as identical vials of phosphate-buff 
ered saline and was administered in the same manner as 
eteplirsen. 

Safety and Tolerability Monitoring 

0224 Safety was assessed by evaluation of adverse events, 
Vital signs, physical examinations, electrocardiograms, 
echocardiograms, and clinical laboratory testing. In addition, 
kidney function was monitored via regular assessments of 
serum cystatin C and urine cystatin C and KIM-1. 

Pharmacokinetic and Immune Assessments 

0225. Pharmacokinetic parameters of eteplirsen were 
established from plasma and urine taken after the twelfth dose 
using a validated and sensitive anion exchange high-perfor 
mance liquid chromatography with fluorescence detection 
bioanalytical method. Single samples for analysis of plasma 
concentrations were taken at weeks 24, 25, and 36. Immune 
response to novel dystrophin protein was measured every six 
weeks through week 24 with ELISPOT following methods 
previously published. 
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Biochemical Efficacy Assessments 
0226 Pre- and post-treatment dystrophin expression stud 
ies were based on MANDYS106 a gift from Glen Morris, 
MDA Monoclonal Antibody Library, a highly sensitive 
marker for dystrophin used in prior studies of eteplirsen and 
other exon skipping candidates. Three 10um frozen sections, 
separated by at least 200 um, were stained with 
MANDYS106, followed by a secondary antibody (Alexa 
Fluor 594 goat antimouse antibody). Percent dystrophin 
positive fibers were calculated by dividing the number of 
positive fibers by the total fibers counted. As normal muscle 
samples have 100% dystrophin-positive fibers, percent dys 
trophin-positive fibers is expressed as a percentage of normal. 
The same antibody-stained sections were used for dystrophin 
quantification using Bioquant image analysis Software. The 
total dystrophin fluorescence signal intensity was reported as 
a percentage of normal. 
0227 Supportive measurements included expression of 
the components of the sarcoglycan complex (B.Y.), neuronal 
NOS, and Western blot (with the anti-dystrophin antibody 
NCL-Dysl from Novacastra). RT-PCR analysis, for confir 
mation of exon skipping, was performed on 400 ng of total 
RNA using dystrophin-specific reverse primers as previously 
described. 

Clinical Efficacy Assessments 
0228. The 6MWT was administered using the protocol 
established for patients with DMD by McDonald, et al. 
(Muscle Nerve, 2010; 42:966-74, herein incorporated by ref. 
erence). Exploratory functional outcomes included the North 
Star Ambulatory Assessment, quantitative muscle testing, the 
9-Hole Peg Test, pulmonary function testing (PFT), timed 
function tests, and assessment of quality of life. 

Statistical Analysis 
0229 SAS version 9.3 (Cary, N.C.) was used for all sta 

tistical analyses. Mixed model with treatment as fixed effect, 
subject nested within treatment as random effect, with the 
baseline value and time since DMD diagnosis as covariates 
for the analysis of muscle biopsy data was used. Mixed model 
repeated measures (MMRM) with treatment, time, and treat 
ment-by-time interaction terms as fixed effect, Subject nested 
within treatment as random effect, and with the baseline value 
and time since DMD diagnosis as covariates for analysis of 
the 6MWT data was used. Safety and muscle biopsy analyses 
were performed on the intent-to-treat population; analysis of 
ambulation-related outcomes, including the 6MWT, used a 
modified intent-to-treat (mITT) population that excluded two 
patients in Cohort 1 who showed signs of disease progression 
and significant decline on the 6MWT within weeks of enroll 
ment and could not perform measures of ambulation at week 
24 or beyond. 

Example 1 

Subject Characteristics 
0230 Baseline characteristics of the 12 patients in this 
study are summarized in Table 2. Five different genotypes 
amenable to exon 51 skipping were represented in the study 
population. Mean distances on the 6-Minute Walk Test 
(6MWT) at baseline were similar to those in other studies of 
children with DMD, and as expected, were well below the 
600 plus meters typically observed in age-matched healthy 
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children. Due to the stochastic nature of the sampling, the 30 
mg/kg cohort was slightly older, heavier, and taller, relative to 
the other cohorts, and had a lower mean 6MWT distance at 
baseline. All patients received all infusions of study medica 
tion as planned and completed all assessments. 

TABLE 2 

Baseline Demography and Disease Characteristics 

Placebo Eteplirsen Eteplirsen 
Delayed Eteplirsen 30 mg/kg 50 mg/kg 

Treatment Arm N = 4 N = 4 N = 4 

Mutation 

45-50 in (%) O 2 (50) 1 (25) 
48-50 in (%) O 1 (25) O 
49-50 in (%) 3 (75) O 2 (50) 
50 in (%) 1 (25) O O 
52 n (%) O 1 (25) 1 (25) 
Gender n (%) 

Male 4 (100) 4 (100) 4 (100) 
Age, years 

Mean 8.5 9.3 8.5 
SD 1.73 OSO 1.29 
Min, Max 7, 10 9, 10 7, 10 
Height, cm 

Mean 119.3 13 O.S 121.3 
SD 3.40 9.47 7.85 
Min, Max 116, 124 117, 138 117, 133 
Weight, kg 

Mean 30.6 34.8 29.0 
SD 6.04 7.05 6.38 
Min, Max 22.1, 36.2 24.8, 39.8 23.7, 38.3 
Race, n (%) 

Asian O 1 (25) O 
White 4 (100) 3 (75) 4 (100) 
6MWT*, meters 

Mean 394.5 355.3 396.O 
SD 42.25 74.78 26.61 
Min, Max 364, 456 261, 442 365,429 

Example 2 

Safety and Lack of Adverse Events 

0231 Eteplirsen was well tolerated with no treatment 
related adverse events, serious adverse events, discontinua 
tions or missed doses through 48 weeks of treatment. More 
over, no clinically significant changes were observed on 
physical examination or in vital signs. Electrocardiograms, 
echocardiograms, and PFTS remained stable, and chemistries 
showed no clinically significant changes in hematologic, 
renal, coagulation or liver functions. Mild and transient pro 
teinuria was observed in a single placebo-treated Subject. 

Example 3 

Pharmacokinetic Profile 

0232 Analysis of PK parameters at week 12 revealed 
rapid absorption. Plasma clearance averaged 339+75.8 
mL/hr/kg for 30 mg/kg and 319-125 mL/hr/kg for 50 mg/kg. 
Half-life averaged 3.30+0.341 hr for 30 mg/kg and 3.17+0. 
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249 hr for 50 mg/kg, with renal clearance accounting for 
approximately 65-70% of total systemic clearance. 

Example 4 

Efficacy 

0233. At week 48, eteplirsen produced robust increases in 
the number and intensity of dystrophin-positive fibers. As 
shown in FIG. 3, patients who received 30 or 50 mg/kg 
eteplirsen without interruption for 48 weeks showed a mean 
increase in the percentage of dystrophin-positive fibers to 
47% of normal (ps0.001), relative to baseline. Increases were 
similar when the 30 (52%; ps0.001) and 50 (43%; ps0.008) 
mg/kg cohorts were analyzed separately, Suggesting that 
eteplirsen’s effect on the production of novel dystrophin is 
independent of dose within this range of doses. 
0234 Biopsies were taken at Staggered time points (see 
FIG. 2) to evaluate the impact of treatment duration on novel 
dystrophin production. At week 12, the 50 mg/kg cohort had 
undetectable levels of novel dystrophin. At week 24, the 30 
mg/kg cohort demonstrated an increase in the percentage of 
dystrophin-positive fibers to 23% of normal (ps0.002), and at 
week 48, after 24 weeks of treatment with 30 or 50 mg/kg 
eteplirsen, the 4 patients in the placebo/delayed eteplirsen 
cohort showed an increase to 38% of normal, relative to 
baseline (ps0.009). Together these data suggest that treat 
ment duration plays an important role in eteplirsen’s ability to 
uniformly restore novel dystrophin production. Consistent 
with these findings, eteplirsen also significantly increased 
mean fluorescence signal intensity at week 48 in all three 
treatment groups (all p-valuess0.023). 
0235 FIG. 4 illustrates eteplirsen's time-dependent effect 
on the percentage of dystrophin-positive fibers (Panel A), 
which was accompanied by restoration off- and Y-sarcogly 
can and nNOSL at the sarcolemma (Panel B). Dystrophin 
expression and exon skipping were confirmed by Western 
blot and RT-PCR in all patients. RT-PCR results from a rep 
resentative patient are shown in Panel C. These data con 
firmed the increase in functional dystrophin in the patients. 

Example 5 

Functional Outcomes 

0236. The progressive loss of walking ability is a universal 
hallmark of DMD, with most patients showing functional 
compromise by 7 or 8 years of age and becoming wheelchair 
dependent by 10 to 14 years of age. Consistent with this, boys 
assigned to the placebo/delayed eteplirsen cohort in this study 
showed a decline in walking ability after week 12 at a rate 
predicted by prior studies, culminating in a loss of approxi 
mately 60 meters by week 48 (FIG. 5). In marked contrast, 
eteplirsen-treated patients maintained a stable walking dis 
tance over the duration of the study, with a mean increase 
from baseline of about 7 meters by week 48. The difference 
between the eteplirsen-treated patients and those in the pla 
cebo/delayed eteplirsen cohort first became statistically sig 
nificant at week 32 (39-meter difference; ps0.05). Interest 
ingly, patients in the placebo/delayed eteplirsen cohort 
appeared to stabilize after week 36, i.e., between 12 and 24 
weeks after initiating treatment with eteplirsenat week 25. As 
previously noted, two boys who showed signs of rapid disease 
progression and significant decline on the 6MWT within 
weeks of enrollment and were unable to perform measures of 
ambulation at 24 weeks or beyond, were excluded from this 
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analysis. However, both remained on eteplirsen through week 
48 with no treatment-related adverse events and maintained 
stable pulmonary and upper limb function as measured by 
PFT and the 9-Hole Peg Test, respectively. 
0237 Notably, patients receiving eteplirsen for 48 weeks, 
evaluable on the 6MWT (n=6), significantly (ps0.001) 
improved on the 6MWT (67.3 m) compared to the placebo/ 
delayed cohort. 

Example 6 

Immune Response 

0238. There were no differences between the eteplirsen 
and placebo-treated patients in the number of interferon-y- 
induced spot forming colonies to dystrophin peptide pools 
(extended over the entire protein) at any time point assessed, 
including week 24, indicating that the newly expressed dys 
trophin in the eteplirsen-treated patients did not elicit a T-cell 
response. 
0239 All publications and patent applications cited in this 
specification are herein incorporated by reference as if each 
individual publication or patent application were specifically 
and individually indicated to be incorporated by reference. 
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SEQUENCE LISTING 
0272. With respect to the nucleic acid sequences provided 
in the application, persons skilled in the art will appreciate 
that depending on the use of the oligomers, TS and US are 
interchangeable. 

TABLE 3 

NUCLEOTIDE SEQUENCE (5'-3') 

51 1. eteplirsen CTC CAA CAT CAA. GGA AGA TGG CAT 
H51A (+66 + 95) TTC TAG 

51 2 H51A (+66 + 90) ACA, UCA AGG AAG AUG GCA UUU CUA G 

51 3 H51A (+61 + 90) ACA, UCA AGG AAG AUG GCA UUU CUA. 
GUU UGG 

51 4. Hu. DMD exons 1.25 OO12 GAG CAG GTA. CCT CCA ACA TCA AGG AA 

SO 5 H5OD (+07 - 18) GGG AUC CAG UAU ACU UAC AGG CUC C 

SO 6 AVI-4038/5038 CTT ACA GGC. TCC AAT AGT GGT CAG T 
53 7 H53A27 (+30 + 56) CCT CCG GTT CTG AAG GTG TTC TTG TAC 

53 8 H53A (+3 6 + 6O) GTT GCC. TCC GGT TCT GAA GGT GTT C 

45 9 H45A (-O3 + 1.9) CAA TGC CAT CCT GGA GTT CCT G 

TABLE 4 

SEQ ID SEQUENCE NUCLEOTIDE SEQUENCE (5 ' - 3') 

10 H8A (-06 + 18) GAU AGG UGG UAU CAA CAU CUG UAA 
11 H8A (-04 + 18) GAU AGG UGG UAU CAA CAU CUG. 
12 H8A (-07 + 18) GAU AGG UGG UAU CAA CAU CUG UAA G 
13 H8A (-06 + 14) GGU GGU AUC AAC AUC UGU AA 
14 H8A (-10 + 10) GUA UCA ACA UCU GUA AGC AC 
15 H7A (+4.5 + 67) UGC AUG UUC CAG UCG UUG UGU GG 
16 H7A (+ O2 + 26) CAC UAU UCC AGU CAA AUA GGU CUG G 
17 H7D (+15-10) AUU UAC CAA CCU UCA. GGA, UCG AGU A 
18 H7A (-18 + 03) GGC CUA. AAA CAC AUA CAC AUA. 
19 C6A (-10 + 10) CAU UUU UGA CCU ACA. UGU GG 
2O C6A (-14 + 06) UUU GAC CUA CAU GUG GAA AG 
21 C6A (-14 + 12) UAC AUU UUU GAC CUA CAU GUG GAA AG 
22 C6A (-14 + 0.9) AUU UUU GAC CUA CAU GGG AAA G 
23 CH6A (+69 + 91) UAC GAG UUG AUU GUC GGA CCC AG 
24 C6D (+1.2 - 13) GUG GUC UCC UUA CCU AUG ACU GUG G 
25 C6D (+06 - 11) GGU CUC CUU ACC UAU GA 
26 H6D (+04 - 21) UGU CUC AGU AAU CUU CUU ACC UAU 
27 H6D (+18 - 04) UCU UAC CUA UGA CUA. UGG AUG. AGA 
28 H4A (+13 + 32) GCA. UGA ACU CUU GUG GAU CC 
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Exons O. 
Exons O. 
Exons O. 
Exons O. 
Exons O. 
Exons O. 
Exons O. 
Exons O. 
Exons O. 
Exons O. 
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Exons 
Exons 
Exons 
Exons 
Exons 
Exons 
Exons 
Exons 
Exons 
Exons 
Exons 
Exons 
Exons 
Exons 
Exons 
Exons 
Exons 
Exons 
Exons 
Exons 
Exons 
Exons 
Exons 
Exons 
Exons 
Exons 
Exons 
Exons 
Exons 
Exons 
Exons 
Exons 
Exons 
Exons 
Exons 
Exons 
Exons 
Exons 
Exons 
Exons 
Exons 
Exons 
Exons 
Exons 
Exons 
Exons 
Exons 
Exons 
Exons 
Exons 
Exons 
Exon52. 
Exon52. 
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25. 
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OO8 
OO 9 
O1 O 
O11 
O12 
O13 
O14 
O15 
O16 
O17 
OO1-44 
OO2-45 
OO2. 2-46 
OO3 
OO3. 
OO4 
OO4. 
OOS 
OO5. 
OO6 
OO 6. 
OOf 
OOf. 
OO8 
OO 9 
O O 

2 

2 

2 

2 

2 

... 2 

2 

33 

TABLE 4 - continued 

GTAAACGGTTTACCGCCTTC 
CCCTCAGCTCTTGAAGTAAA 
GGTCAGGCTGCTTTGCCCTC 
TCAGTCCAGGAGCTAGGTCA 
AGGCTCCAATAGTGGTCAGT 
CTTACAGGCTCCAATAGTGG 
GTATACTTACAGGCTCCAAT 
ATCCAGTATACTTACAGGCT 
ATGGGATCCAGTATACTTAC 
AGAGAATGGGATCCAGTATA 
CTAAAATATTTTGGGTTTTTGCAAAA 
GCTAAAATATTTTGGGTTTTTGCAAA 
TAGGAGCTAAAATATTTTGGGTTTTT 
AGTAGGAGCTAAAATATTTTGGGTT 
TGAGTAGGAGCTAAAATATTTTGGG 
CTGAGTAGGAGCTAAAATATTTTGGG 
CAGTCTGAGTAGGAGCTAAAATATT 
ACAGTCTGAGTAGGAGCTAAAATATT 
GAGTAACAGTCTGAGTAGGAGCTAAA 
CAGAGTAACAGTCTGAGTAGGAGCT 
CACCAGAGTAACAGTCTGAGTAGGAG 
GT CACCAGAGTAACAGTCTGAGTAG 
AACCACAGGTTGTGTCACCAGAGTAA 
GTTGTGTCACCAGAGTAACAGTCTG 
TGGCAGTTTCCTTAGTAACCACAGGT 
ATTTCTAGTTTGGAGATGGCAGTTTC 
GGAAGATGGCATTTCTAGTTTGGAG 
CATCAAGGAAGATGGCATTTCTAGTT 
GAGCAGGTACCTCCAACATCAAGGAA 
ATCTGCCAGAGCAGGTACCTCCAAC 
AAGTTCTGTCCAAGCCCGGTTGAAAT 
CGGTTGAAATCTGCCAGAGCAGGTAC 
GAGAAAGCCAGTCGGTAAGTTCTGTC 
GTCGGTAAGTTC 
ATAACTTGATCAAGCAGAGAAAGCCA 
AAGCAGAGAAAGCCAGTCGGTAAGT 
CACCCTCTGTGA 
CAAGGTCACCCACCATCACCCTCTGT 
CATCACCCTCTGT 
CTTCTGCTTGATGATCATCTCGTTGA 
CCTTCTGCTTGA 
ATCTCGTTGATA 
TCATACCTTCTGCTTGATGATCATCT 
TCATTTTTTCTCATACCTTCTGCTTG 
TTTTCTCATACC 
TTTTATCATTT 

GTCCAAGCCCGG 

TTTATAACTTGAT 

GATTTTATAACT 

(GATCATCTCGTTG 
CCTCAAGGTCACC 

TCTGCTTGATGAT 
TCTCATACCTTCT 

CCAACTTTTATCATTTTTTCTCATAC 
ATATTTTGGGTT TTGCAAA 
AAAATATTTTGGGTTTTTGC 
GAGCTAAAATA TTGGGTT 
AGTAGGAGCTAAAATATTTT 
GTCTGAGTAGGAGCTAAAAT 
TAACAGTCTGAG 
CAGAGTAACAG 
CACAGGTTGTG 
AGTTTCCTTAGT 
TAGTTTGGAGA 
GGAAGATGGCA 
TACCTCCAACA 
ATCTGCCAGAGC 
CCAAGCCCGGT 
GTCGGTAAGTTC 
AAGCAGAGAAAGCCAGTCGG 
TTTTATAACTTGATCAAGCA 
CATCACCCTCTGT 
CTCAAGGTCACCCACCATCA 
CATCTCGTTGATATCCTCAA 
CTTCTGCTTGATGATCATCT 
CATACCTTCTGC 
TTTC, TCATACCT 
CATTTTTTCTCA 
TTTATCATTTTT 
CAACTTTTATCA 
CTGTAAGAACAAATATCCCTTAGTA 
TGCCTGTAAGAACAAATATCCCTTA 

GTTGCCTGTAAGAACAAATATCCCT 
ATTGTTGCCTGTAAGAACAAATATC 

GTCCAAG 

GATTTTA 

TGATGAT 
CTGCTTG 
ACCTTCT 
CTCATAC 
TTTTTCT 

545 
546 
547 
548 
549 
550 
551 
552 
553 
554 
555 
556 
sist 
558 
559 
560 
561 
562 
563 
564 
565 
566 
567 
568 
569 
st O 
sf1 
sf2 
sf3 
sf4 
sts 
576 
577 
sf8 
st 9 
58 O 
581 
582 
583 
584 
585 
586 
587 
588 
589 
590 
591 
592 
593 
594 
595 
596 
597 
598 
5.99 
6OO 
6O1 
6O2 
603 
6O4 
605 
606 
6O7 
608 
609 
610 
611 
61.2 
613 
614 
615 
616 
617 
618 
619 

62O 
621 
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acaucaagga agaluggcaulu ulculaguuugg 3 O 

<210s, SEQ ID NO 4 
&211s LENGTH: 26 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (Hu. DMD. exon 51.25. OO1.2) 

<4 OOs, SEQUENCE: 4 

gaggaggtac Ct c caa.catc aaggaa 26 

<210s, SEQ ID NO 5 
&211s LENGTH: 25 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H5OD (+07-18) ) 

<4 OOs, SEQUENCE: 5 

gggaluccagul aluacuulacag gCucc 25 

<210s, SEQ ID NO 6 
&211s LENGTH: 25 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (AVI-4038/5038 ) 

<4 OOs, SEQUENCE: 6 

Cttacaggct C caatagtgg tdagt 25 

<210s, SEQ ID NO 7 
&211s LENGTH: 27 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H53A27 (+30+56) ) 

<4 OO > SEQUENCE: 7 

cctic cqgttctgaaggtgtt Cttgtac 27 

<210s, SEQ ID NO 8 
&211s LENGTH: 25 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H53A (+36+6O) ) 

<4 OOs, SEQUENCE: 8 

gttgcCtc.cg gttctgaagg tdttic 25 

<210s, SEQ ID NO 9 
&211s LENGTH: 22 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H45A (-O3+19) ) 

<4 OOs, SEQUENCE: 9 

caatgc catc ctdgagttcc td 22 
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<210s, SEQ ID NO 10 
&211s LENGTH: 24 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H8A ( - O6+18) 

<4 OOs, SEQUENCE: 10 

gauagguggu aucaiacaucu guaa 24 

<210s, SEQ ID NO 11 
&211s LENGTH: 21 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H8A (-O3 +18) ) 

<4 OOs, SEQUENCE: 11 

gauagguggu aucaiacaucu g 21 

<210s, SEQ ID NO 12 
&211s LENGTH: 25 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H8A ( - O7+18) ) 

<4 OOs, SEQUENCE: 12 

gallagguggll alcaa.calcul glaag 25 

<210s, SEQ ID NO 13 
&211s LENGTH: 2O 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H8A ( - O6+14) ) 

<4 OOs, SEQUENCE: 13 

gguggulauca acauclugulaa 2O 

<210s, SEQ ID NO 14 
&211s LENGTH: 2O 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H8A ( -10+10) ) 

<4 OOs, SEQUENCE: 14 

guaucaiacau cluguaagcac 2O 

<210s, SEQ ID NO 15 
&211s LENGTH: 23 

212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H7A(+45+67) ) 

<4 OOs, SEQUENCE: 15 

lugcaugullcc agucgulugug lugg 23 

<210s, SEQ ID NO 16 
&211s LENGTH: 25 

212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
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22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H7A (+O2+26) ) 

<4 OOs, SEQUENCE: 16 

Caculaulucca glucaaaulagg ulcugg 25 

<210s, SEQ ID NO 17 
&211s LENGTH: 25 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H7D (+15-10) ) 

<4 OOs, SEQUENCE: 17 

aluululaccaac Culucaggauc gagua 25 

<210s, SEQ ID NO 18 
&211s LENGTH: 21 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H7A (-18+03) ) 

<4 OOs, SEQUENCE: 18 

ggccuaaaac acaulacacau a 21 

<210s, SEQ ID NO 19 
& 211 LENGTH: 2O 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (C6A ( -10+10) ) 

<4 OOs, SEQUENCE: 19 

Caululuulugac cluacaugugg 2O 

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

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (C6A (-14+06) ) 

<4 OOs, SEQUENCE: 2O 

uuugacculac auguggaaag 2O 

<210s, SEQ ID NO 21 
&211s LENGTH: 26 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (C6A (-14+12) ) 

<4 OOs, SEQUENCE: 21 

ulacaululuulug accuacalugu ggaaag 26 

<210s, SEQ ID NO 22 
&211s LENGTH: 22 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (C6A (-13+09) ) 

<4 OOs, SEQUENCE: 22 



US 2014/0329762 A1 Nov. 6, 2014 
41 

- Continued 

aluuluulugacc ulacaugggaa ag 22 

<210s, SEQ ID NO 23 
&211s LENGTH: 23 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (CH6A (+69+91) ) 

<4 OOs, SEQUENCE: 23 

ulacgaguuga lulugu.cggacc cag 23 

<210s, SEQ ID NO 24 
&211s LENGTH: 25 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (C6D (+12-13) ) 

<4 OOs, SEQUENCE: 24 

gugglucuccu ulac Cuaugac ugugg 25 

<210s, SEQ ID NO 25 
&211s LENGTH: 17 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (C6D (+06-11) ) 

<4 OOs, SEQUENCE: 25 

gglucucculua Cculauga 17 

<210s, SEQ ID NO 26 
&211s LENGTH: 24 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H6D (+04-21) ) 

<4 OOs, SEQUENCE: 26 

lugu Clucagua aucuucuulac Cuau. 24 

<210s, SEQ ID NO 27 
&211s LENGTH: 24 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H6D (+18-O4)) 

<4 OOs, SEQUENCE: 27 

ulcululacculau gaclualuggalu gaga 24 

<210s, SEQ ID NO 28 
&211s LENGTH: 2O 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H4A (+13+32) ) 

<4 OOs, SEQUENCE: 28 

gcaugaacuc uluguggalucc 2O 
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<210s, SEQ ID NO 29 
&211s LENGTH: 2O 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H4D (+04-16) ) 

<4 OOs, SEQUENCE: 29 

cCaggguacul acuulacaulula 2O 

<210s, SEQ ID NO 3 O 
&211s LENGTH: 21 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H4D (-24-44) ) 

<4 OOs, SEQUENCE: 30 

aucgugugu.c acagdalucca g 21 

<210s, SEQ ID NO 31 
&211s LENGTH: 30 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H4A (+11+4O) ) 

<4 OOs, SEQUENCE: 31 

lugullcagggc augaacucull gluggallcCull 3 O 

<210s, SEQ ID NO 32 
&211s LENGTH: 31 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H3A (+30+6O) ) 

<4 OOs, SEQUENCE: 32 

ulaggaggcgc Cucccaluccul guaggluca cu g 31 

<210s, SEQ ID NO 33 
&211s LENGTH: 31 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H3A (+35+65) ) 

<4 OOs, SEQUENCE: 33 

agglucuagga ggcgc.cuccc aucCuguagg u 31 

<210s, SEQ ID NO 34 
&211s LENGTH: 25 

212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H3A (+30+54) ) 

<4 OOs, SEQUENCE: 34 

gcgc.cuccca lucCuguaggul Caclug 25 

<210s, SEQ ID NO 35 
&211s LENGTH: 26 

212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
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22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H3D (+46-21) ) 

<4 OOs, SEQUENCE: 35 

Cullcgaggag glucuaggagg C9CCulc 26 

<210s, SEQ ID NO 36 
&211s LENGTH: 21 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H3A (+30+5O) ) 

<4 OOs, SEQUENCE: 36 

CuccCalluccul guaggluca cu g 21 

<210s, SEQ ID NO 37 
&211s LENGTH: 22 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H3D (+19 - O3) ) 

<4 OO > SEQUENCE: 37 

ulaccaguluulu lugcc clugu.ca gg 22 

<210s, SEQ ID NO 38 
& 211 LENGTH 26 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H3A ( - O6+2O) ) 

<4 OOs, SEQUENCE: 38 

ulcaalualugcu gouluccCaaa clugaaa 26 

<210s, SEQ ID NO 39 
&211s LENGTH: 25 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H3A (+37+61) ) 

<4 OOs, SEQUENCE: 39 

cuaggaggcg ccucccalucc ugulag 25 

<210s, SEQ ID NO 4 O 
&211s LENGTH: 31 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H5A (+2O+5O) ) 

<4 OOs, SEQUENCE: 4 O 

ulualugaululuc Caucuacgau glucaguacuu, C 31 

<210s, SEQ ID NO 41 
&211s LENGTH: 31 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H5D (+25- 05) ) 

<4 OOs, SEQUENCE: 41 
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cuu.acclugcc aguggaggau luaulauluccaa a 31 

<210s, SEQ ID NO 42 
&211s LENGTH: 25 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H5D (+10-15)) 

<4 OOs, SEQUENCE: 42 

Caucaggaulu cullacclugcc agugg 25 

<210s, SEQ ID NO 43 
&211s LENGTH: 25 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H5A (+10+34) ) 

<4 OOs, SEQUENCE: 43 

cgalugu.cagul acuuccaaua lulucac 25 

<210s, SEQ ID NO 44 
&211s LENGTH: 18 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H5D (-04-21) ) 

<4 OOs, SEQUENCE: 44 

accalulucauc aggaulucu. 18 

<210s, SEQ ID NO 45 
&211s LENGTH: 18 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H5D (+16 - O2) ) 

<4 OOs, SEQUENCE: 45 

acclugccagul ggaggaluu 18 

<210s, SEQ ID NO 46 
&211s LENGTH: 27 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H5A ( - 07+2O) ) 

<4 OOs, SEQUENCE: 46 

c caauauluca cuaaaucaiac culguuaa 27 

<210s, SEQ ID NO 47 
&211s LENGTH: 30 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H5D (+18-12) ) 

<4 OOs, SEQUENCE: 47 

Caggauluguu acclugccagu ggaggaululau 3 O 
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<210s, SEQ ID NO 48 
&211s LENGTH: 31 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H5A (+05+35) ) 

<4 OOs, SEQUENCE: 48 

acgalugu.cag ulacuuccalau aluulcacuaaa u 31 

<210s, SEQ ID NO 49 
&211s LENGTH: 31 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H5A (+15+45) ) 

<4 OOs, SEQUENCE: 49 

aluuluccalcul acgaugu.cag ulacuuccalau a 31 

<210s, SEQ ID NO 50 
&211s LENGTH: 21 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H10A (-O5+16) ) 

<4 OOs, SEQUENCE: 50 

Caggagcuuc Caaaugclugc a 21 

<210s, SEQ ID NO 51 
&211s LENGTH: 29 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H10A (-O5+24) ) 

<4 OOs, SEQUENCE: 51 

culuguculuca ggagculucca aalugclugca 29 

<210s, SEQ ID NO 52 
&211s LENGTH: 22 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H10A (+98+119) 

<4 OOs, SEQUENCE: 52 

lucculcagcag aaagaa.gc.ca C9 22 

<210s, SEQ ID NO 53 
&211s LENGTH: 2O 

212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H10A (+13O+149) ) 

<4 OOs, SEQUENCE: 53 

uluagaaaucu Cucculugu.gc 2O 

<210s, SEQ ID NO 54 
&211s LENGTH: 2O 

212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
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22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H10A (-33-14) ) 

<4 OOs, SEQUENCE: 54 

ulaaauugggu gullacacalau. 2O 

<210s, SEQ ID NO 55 
&211s LENGTH: 24 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H11D (+26+49) ) 

<4 OO > SEQUENCE: 55 

CCCugaggca luluccCaucuu gaalu 24 

<210s, SEQ ID NO 56 
&211s LENGTH: 2O 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H11D (+11-09) ) 

<4 OOs, SEQUENCE: 56 

aggacuuacul lugcuuuguuu. 2O 

<210s, SEQ ID NO 57 
& 211 LENGTH; 23 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H11A (+118+140) ) 

<4 OO > SEQUENCE: 57 

cuugaaluulua ggagaulucaul clug 23 

<210s, SEQ ID NO 58 
&211s LENGTH: 23 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H11A (+75+97)) 

<4 OOs, SEQUENCE: 58 

caucullculga ulaaluuluuccul guu 23 

<210s, SEQ ID NO 59 
&211s LENGTH: 24 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H12A (+52+75) ) 

<4 OO > SEQUENCE: 59 

lucullculgululu ulugu.uagcca gluca 24 

<210s, SEQ ID NO 60 
&211s LENGTH: 2O 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H12A (-10+10) ) 

<4 OOs, SEQUENCE: 60 
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ulcuauguaaa clugaaaaululu. 2O 

<210s, SEQ ID NO 61 
&211s LENGTH: 2O 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H12A (+11+30) ) 

<4 OOs, SEQUENCE: 61 

uucluggagalu C calullaaaac 2O 

<210s, SEQ ID NO 62 
&211s LENGTH: 24 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H13A (+77+1OO) 

<4 OOs, SEQUENCE: 62 

Cagcagulugc glugaucucca Culag 24 

<210s, SEQ ID NO 63 
&211s LENGTH: 21 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H13A (+55+75) ) 

<4 OOs, SEQUENCE: 63 

Calcala C a CCaCCaC ca. 21 

<210s, SEQ ID NO 64 
&211s LENGTH: 25 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H13D (+06-19) ) 

<4 OOs, SEQUENCE: 64 

Cualagcaaaa ulaauclugacc uluaag 25 

<210s, SEQ ID NO 65 
&211s LENGTH: 28 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H14A (+37+64) ) 

<4 OOs, SEQUENCE: 65 

cuuguaaaag aaccoagcgg ulcuuclugu 28 

<210s, SEQ ID NO 66 
&211s LENGTH: 22 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H14A (+14+35) ) 

<4 OOs, SEQUENCE: 66 

caucuacaga uguuugcc.ca ulc 22 
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<210s, SEQ ID NO 67 
&211s LENGTH: 23 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H14A (+51+73) ) 

<4 OO > SEQUENCE: 67 

gaaggaluguc uluguaaaaga acc 23 

<210s, SEQ ID NO 68 
&211s LENGTH: 2O 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H14D (-O2+18) ) 

<4 OOs, SEQUENCE: 68 

acculgulucuul Caguaagacg 2O 

<210s, SEQ ID NO 69 
&211s LENGTH: 24 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H14D (+14-10) ) 

<4 OOs, SEQUENCE: 69 

Calgacacac clugullcullca guaia 24 

<210s, SEQ ID NO 70 
&211s LENGTH: 2O 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H14A (+61+80) ) 

<4 OO > SEQUENCE: 7 O 

Caululugagaa ggalugu.culug 2O 

<210s, SEQ ID NO 71 
&211s LENGTH: 24 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H14A (-12+12) ) 

<4 OOs, SEQUENCE: 71 

aucucccalau accluggagaa gaga 24 

<210s, SEQ ID NO 72 
&211s LENGTH: 31 

212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H15A (-12+19) ) 

<4 OOs, SEQUENCE: 72 

gccalugcacu aaaaaggcac lugcaagacau u. 31 

<210s, SEQ ID NO 73 
&211s LENGTH: 24 

212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
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22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H15A (+48+71) ) 

<4 OO > SEQUENCE: 73 

ulculullaaa.gc cagulugugug aaulic 24 

<210s, SEQ ID NO 74 
&211s LENGTH: 21 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H15A (+08+28) 

<4 OOs, SEQUENCE: 74 

uuuclugaaag C caugcacula a 21 

<210s, SEQ ID NO 75 
&211s LENGTH: 25 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H15D (+17-08) ) 

<4 OO > SEQUENCE: 75 

guacaulacgg C caguluuluug aagac 25 

<210s, SEQ ID NO 76 
& 211 LENGTH: 31 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H16A (-12+19) ) 

<4 OO > SEQUENCE: 76 

Culagalu.ccgc ululullaaaacc ulgullaaaa.ca a 31 

<210s, SEQ ID NO 77 
&211s LENGTH: 31 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H16A (-O6+25) ) 

<4 OO > SEQUENCE: 77 

ulcuuuuculag aluccgcuuluu aaaac Cuguu a 31 

<210s, SEQ ID NO 78 
&211s LENGTH: 25 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H16A (-O6+19) ) 

<4 OO > SEQUENCE: 78 

Culagalu.ccgc ululullaaaacc ulgulla 25 

<210s, SEQ ID NO 79 
&211s LENGTH: 23 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H16A (+87+109) 

<4 OO > SEQUENCE: 79 
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ccgucuuclug gglucaculgac ulula 23 

<210s, SEQ ID NO 8O 
&211s LENGTH: 26 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H16A (-O7+19) ) 

<4 OOs, SEQUENCE: 80 

Culagalu.ccgc ululullaaaacc ulgullala 26 

<210s, SEQ ID NO 81 
&211s LENGTH: 2O 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H16A (-O7+13) ) 

<4 OOs, SEQUENCE: 81 

cc.gcuuluulaa aaccuguulaa 2O 

<210s, SEQ ID NO 82 
&211s LENGTH: 26 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H16A (+12+37) 

<4 OOs, SEQUENCE: 82 

luggaluugcuu ululu.cuuuucu agalucc 26 

<210s, SEQ ID NO 83 
&211s LENGTH: 25 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H16A (+92+116) ) 

<4 OOs, SEQUENCE: 83 

caugculu.ccg. ulcuuclugggul Cacug 25 

<210s, SEQ ID NO 84 
&211s LENGTH: 23 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H16A (+45+ 67)) 

<4 OOs, SEQUENCE: 84 

gaucuuguulu gagugaallac agu 23 

<210s, SEQ ID NO 85 
&211s LENGTH: 22 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H16A (+105+126) ) 

<4 OOs, SEQUENCE: 85 

gulualuccagc caugculuccg ulc 22 
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<210s, SEQ ID NO 86 
&211s LENGTH: 25 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H16D (+05-20) ) 

<4 OOs, SEQUENCE: 86 

ugaluaaluugg luaucacuaac clugu.g 25 

<210s, SEQ ID NO 87 
&211s LENGTH: 22 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H16D (+12-11) ) 

<4 OO > SEQUENCE: 87 

guaucaculaa C clugugclugu ac 22 

<210s, SEQ ID NO 88 
&211s LENGTH: 19 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H19A (+35+53) ) 

<4 OOs, SEQUENCE: 88 

clugcluggcall culgcagull 19 

<210s, SEQ ID NO 89 
&211s LENGTH: 31 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H19A (+35+65) ) 

<4 OOs, SEQUENCE: 89 

gccugagclug auclugcluggc aucuugcagu ul 31 

<210s, SEQ ID NO 90 
&211s LENGTH: 28 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H2OA (+44+ 71)) 

<4 OOs, SEQUENCE: 90 

cluggcagaalu ulcgauccacc ggculguuc 28 

<210s, SEQ ID NO 91 
&211s LENGTH: 22 

212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H2OA (+147+168) ) 

<4 OOs, SEQUENCE: 91 

Cagcagulagu uglucauclugc ulc 22 

<210s, SEQ ID NO 92 
&211s LENGTH: 19 

212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 



US 2014/0329762 A1 Nov. 6, 2014 
52 

- Continued 

22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H2OA (+185+2O3) ) 

<4 OOs, SEQUENCE: 92 

lugaluggggug glugggulugg 19 

<210s, SEQ ID NO 93 
&211s LENGTH: 25 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H2OA (- 08+17) ) 

<4 OOs, SEQUENCE: 93 

auclugcaulua acacccucua gaaag 25 

<210s, SEQ ID NO 94 
&211s LENGTH: 24 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H2OA (+30+53) ) 

<4 OOs, SEQUENCE: 94 

ccggculguuc agulugulu.clug aggc 24 

<210s, SEQ ID NO 95 
& 211 LENGTH: 28 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H2OA (-11+17) ) 

<4 OO > SEQUENCE: 95 

auclugcaulua acacccucua gaaagaaa 28 

<210s, SEQ ID NO 96 
&211s LENGTH: 28 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H2OD (+08-20) 

<4 OOs, SEQUENCE: 96 

gaaggagaag agaulucuulac Cullulacaaa 28 

<210s, SEQ ID NO 97 
&211s LENGTH: 2O 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H2OA (+44+63) ) 

<4 OO > SEQUENCE: 97 

aluucgalucca cc.ggculguluc 2O 

<210s, SEQ ID NO 98 
&211s LENGTH: 2O 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H2OA (+149+168) ) 

<4 OOs, SEQUENCE: 98 
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Cagcagulagu uglucauclugc 2O 

<210s, SEQ ID NO 99 
&211s LENGTH: 22 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H21A (-O6+16) ) 

<4 OOs, SEQUENCE: 99 

gccggulugac ulucaucClugu gc 22 

<210s, SEQ ID NO 100 
&211s LENGTH: 22 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H21A (+85+106) ) 

<4 OOs, SEQUENCE: 1.OO 

clugcauccag galacalugggu cc 22 

<210s, SEQ ID NO 101 
&211s LENGTH: 23 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H21A (+85+108) 

<4 OOs, SEQUENCE: 101 

gluculgcaucci aggaacaugg gluc 23 

<210s, SEQ ID NO 102 
&211s LENGTH: 24 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H21A (+08+31) 

<4 OOs, SEQUENCE: 102 

guugaagaluc lugaulag.ccgg uuga 24 

<210s, SEQ ID NO 103 
&211s LENGTH: 24 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H21D (+18- 07) ) 

<4 OOs, SEQUENCE: 103 

ulacuuaculgul cluguagcucu ulucu. 24 

<210s, SEQ ID NO 104 
&211s LENGTH: 24 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H22A (+22+45) ) 

<4 OOs, SEQUENCE: 104 

Caculcaluggu Cuccugaulag cqca 24 



US 2014/0329762 A1 Nov. 6, 2014 
54 

- Continued 

<210s, SEQ ID NO 105 
&211s LENGTH: 22 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H22A (+125+146)) 

<4 OOs, SEQUENCE: 105 

clugcaalulu.cc ccgaglucucu go 22 

<210s, SEQ ID NO 106 
&211s LENGTH: 23 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H22A (+47+69) 

<4 OOs, SEQUENCE: 106 

a clugcluggac C caugucclug alug 23 

<210s, SEQ ID NO 107 
&211s LENGTH: 21 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H22A (+80+101) 

<4 OOs, SEQUENCE: 107 

Claaglugag gllall.99agagll 21 

<210s, SEQ ID NO 108 
&211s LENGTH: 23 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H22D (+13-11) ) 

<4 OOs, SEQUENCE: 108 

ulaulucacaga C clugcaauluc C cc 23 

<210s, SEQ ID NO 109 
&211s LENGTH: 26 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H23A (+34+59) ) 

<4 OOs, SEQUENCE: 109 

acagugglugc ulgagaulagua ulaggcc 26 

<210s, SEQ ID NO 110 
&211s LENGTH: 22 

212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H23A (+18+39) 

<4 OOs, SEQUENCE: 110 

ulaggcc acuu ulgulugclucuu gc 22 

<210s, SEQ ID NO 111 
&211s LENGTH: 19 

212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
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22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H23A (+72+90) ) 

<4 OOs, SEQUENCE: 111 

ulucagagggc gcuuucuuc 19 

<210s, SEQ ID NO 112 
&211s LENGTH: 23 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H24A (+48+70) ) 

<4 OOs, SEQUENCE: 112 

gggcaggcca luluccucculuc aga 23 

<210s, SEQ ID NO 113 
&211s LENGTH: 24 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H24A (-O2+22) ) 

<4 OOs, SEQUENCE: 113 

ulculucagggu uluguauguga lulucu. 24 

<210s, SEQ ID NO 114 
& 211 LENGTH: 27 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H25A (+9+36) ) 

<4 OOs, SEQUENCE: 114 

cluggggugaa lulugu Cugaalu alucacug 27 

<210s, SEQ ID NO 115 
&211s LENGTH: 26 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H25A (+131+156) ) 

<4 OOs, SEQUENCE: 115 

cluguluggcac augugaluccc acugag 26 

<210s, SEQ ID NO 116 
&211s LENGTH: 24 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H25D (+1.6- 08) ) 

<4 OOs, SEQUENCE: 116 

gluculallac Cul guuggcacau gluga 24 

<210s, SEQ ID NO 117 
&211s LENGTH: 25 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H26A (+132+156) 

<4 OOs, SEQUENCE: 117 



US 2014/0329762 A1 Nov. 6, 2014 
56 

- Continued 

lugcuuuclugu aaulucauclug gaguu 25 

<210s, SEQ ID NO 118 
&211s LENGTH: 26 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H26A (-O7+19) 

<4 OOs, SEQUENCE: 118 

cCucculuucu ggcaulagacic uluccac 26 

<210s, SEQ ID NO 119 
&211s LENGTH: 25 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H26A (+68+92) ) 

<4 OOs, SEQUENCE: 119 

ugugu.callcc aluu.cgugcau cucug 25 

<210s, SEQ ID NO 120 
&211s LENGTH: 25 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H27A (+82+106) ) 

<4 OOs, SEQUENCE: 120 

ullaaggccuC ulugu.gcuaca ggugg 25 

<210s, SEQ ID NO 121 
&211s LENGTH: 23 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H27A (-4+19) 

<4 OOs, SEQUENCE: 121 

ggggcuculuc ululuagcucuC luga 23 

<210s, SEQ ID NO 122 
&211s LENGTH: 22 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H27D (+19-03) ) 

<4 OOs, SEQUENCE: 122 

gaculuccalaa gluculugcaulu ulc 22 

<210s, SEQ ID NO 123 
&211s LENGTH: 24 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H28A (-O5+19) ) 

<4 OOs, SEQUENCE: 123 

gccalacaugC ccaaacuucculaag 24 
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<210s, SEQ ID NO 124 
&211s LENGTH: 26 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H28A (+99-124) 

<4 OOs, SEQUENCE: 124 

cagagaluuuc Clucagouccg C cagga 26 

<210s, SEQ ID NO 125 
&211s LENGTH: 21 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H28D (+16-05) ) 

<4 OOs, SEQUENCE: 125 

cuulacaucua gcacculcaga g 21 

<210s, SEQ ID NO 126 
&211s LENGTH: 25 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H29A (+57+ 81)) 

<4 OOs, SEQUENCE: 126 

llc.cgcCaucu gullagggllcl glugcC 25 

<210s, SEQ ID NO 127 
&211s LENGTH: 25 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H29A (+18+42) ) 

<4 OOs, SEQUENCE: 127 

aluulugggulla lucCuculgaalu glucgc 25 

<210s, SEQ ID NO 128 
&211s LENGTH: 22 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H29D (+17-05) ) 

<4 OOs, SEQUENCE: 128 

Callaccucull cauguaguuc cc 22 

<210s, SEQ ID NO 129 
&211s LENGTH: 26 

212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H3OA (+1.22+147) ) 

<4 OOs, SEQUENCE: 129 

Caululugagcu goguccaccu. lugu.clug 26 

<210s, SEQ ID NO 130 
&211s LENGTH: 26 

212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
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22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H3OA (+25+5O) ) 

<4 OOs, SEQUENCE: 130 

luccugggdag acuggalugclu. Cuguulc 26 

<210s, SEQ ID NO 131 
&211s LENGTH: 23 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H3 OD (+19-04) ) 

<4 OOs, SEQUENCE: 131 

ulugc clugggg uuc Cugaggc aluu 23 

<210s, SEQ ID NO 132 
&211s LENGTH: 24 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H31D (+06-18) ) 

<4 OOs, SEQUENCE: 132 

uuculgaaaua acaulallac Cu glugc 24 

<210s, SEQ ID NO 133 
& 211 LENGTH 25 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H31D (+03-22) ) 

<4 OOs, SEQUENCE: 133 

ulaguuucluga aauaiacaulau acclug 25 

<210s, SEQ ID NO 134 
&211s LENGTH: 21 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H31A (+05+25) 

<4 OOs, SEQUENCE: 134 

gaculugu.caa alucagaluugg a 21 

<210s, SEQ ID NO 135 
&211s LENGTH: 24 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H31D (+04-20) ) 

<4 OOs, SEQUENCE: 135 

guuuculgaala ula-acaulaulac clugu. 24 

<210s, SEQ ID NO 136 
&211s LENGTH: 2O 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H32D (+04-16) ) 

<4 OOs, SEQUENCE: 136 
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caccagaaau acaulaccaca 2O 

<210s, SEQ ID NO 137 
&211s LENGTH: 2O 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H32A (+151+170) 

<4 OOs, SEQUENCE: 137 

Caalugaululua gCugugaclug 2O 

<210s, SEQ ID NO 138 
&211s LENGTH: 23 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H32A (+10+32) ) 

<4 OOs, SEQUENCE: 138 

cgaaaculuca luggaga cauc ulug 23 

<210s, SEQ ID NO 139 
&211s LENGTH: 25 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H32A (+49+73) ) 

<4 OOs, SEQUENCE: 139 

cuuguagacg clug cucaaaa uuggc 25 

<210s, SEQ ID NO 140 
&211s LENGTH: 2O 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H33D (+09-11) ) 

<4 OOs, SEQUENCE: 140 

caugcacaca ccuuugcucc 2O 

<210s, SEQ ID NO 141 
&211s LENGTH: 24 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H33A (+53+76) ) 

<4 OOs, SEQUENCE: 141 

ulcuguacalau. Cugacgucca glucu. 24 

<210s, SEQ ID NO 142 
&211s LENGTH: 27 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H33A (+30+56) ) 

<4 OOs, SEQUENCE: 142 

glucuuuauca C caluuluccac lulucagac 27 
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<210s, SEQ ID NO 143 
&211s LENGTH: 25 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H33A (+64+88) ) 

<4 OOs, SEQUENCE: 143 

ccg.ucu.gcuu ululu.cluguaca auclug 25 

<210s, SEQ ID NO 144 
&211s LENGTH: 22 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H34A (+83+104) ) 

<4 OOs, SEQUENCE: 144 

luccalauclug ulag clugc.cag cc 22 

<210s, SEQ ID NO 145 
&211s LENGTH: 23 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H34A (+143+165) 

<4 OOs, SEQUENCE: 145 

C Caggcaacul ulcagaalucca aall 23 

<210s, SEQ ID NO 146 
&211s LENGTH: 30 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H34A (-2O+10) ) 

<4 OOs, SEQUENCE: 146 

uuucluguulac Cugaaaagaa lulualuaalugaa 3 O 

<210s, SEQ ID NO 147 
&211s LENGTH: 25 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H34A (+46+70) ) 

<4 OOs, SEQUENCE: 147 

Caulucauluuc cululu.cgcauc ululacg 25 

<210s, SEQ ID NO 148 
&211s LENGTH: 26 

212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H34A (+95+12O) ) 

<4 OOs, SEQUENCE: 148 

lugaucucululu glucaaulucca luauclug 26 

<210s, SEQ ID NO 149 
&211s LENGTH: 30 

212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
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22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H34D (+10-20) 

<4 OOs, SEQUENCE: 149 

ulucagugalla ulagguluuulac Cululu.ccc.cag 3 O 

<210s, SEQ ID NO 150 
&211s LENGTH: 26 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H34A (+72+96)) 

<4 OOs, SEQUENCE: 150 

clugulag culgc cagc.caulucu glucaag 26 

<210s, SEQ ID NO 151 
&211s LENGTH: 21 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H35A (+141+161) ) 

<4 OOs, SEQUENCE: 151 

lucullclugcluc gggagglugac a 21 

<210s, SEQ ID NO 152 
& 211 LENGTH: 2O 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H35A (+116+135) 

<4 OOs, SEQUENCE: 152 

ccaguluacula lulucagaagac 2O 

<210s, SEQ ID NO 153 
&211s LENGTH: 2O 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H35A (+24+43) ) 

<4 OOs, SEQUENCE: 153 

ulculucaggug caccuuclugu 2O 

<210s, SEQ ID NO 154 
&211s LENGTH: 25 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H36A (+26+5O) ) 

<4 OOs, SEQUENCE: 154 

lugu gaugugg luccacaulucu ggluca 25 

<210s, SEQ ID NO 155 
&211s LENGTH: 2O 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H36A (-O2+18) ) 

<4 OO > SEQUENCE: 155 
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cCauguguulu cluggualuucc 2O 

<210s, SEQ ID NO 156 
&211s LENGTH: 25 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H37A (+26+5O) ) 

<4 OOs, SEQUENCE: 156 

cguguagaglu C Caccuuugg gcgua 25 

<210s, SEQ ID NO 157 
&211s LENGTH: 24 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H37A (+82+105)) 

<4 OO > SEQUENCE: 157 

uaculaaluuuc clugcagugglu Cacc 24 

<210s, SEQ ID NO 158 
&211s LENGTH: 24 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H37A (+134+157) 

<4 OOs, SEQUENCE: 158 

uucluguguga aaluggclugca aaulic 24 

<210s, SEQ ID NO 159 
&211s LENGTH: 2O 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H38A (-01--19) ) 

<4 OOs, SEQUENCE: 159 

Cculucaaagg aaluggaggcc 2O 

<210s, SEQ ID NO 160 
&211s LENGTH: 25 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H38A (+59-83) ) 

<4 OOs, SEQUENCE: 160 

lugclugaaluulu cagccuccag lugglulu. 25 

<210s, SEQ ID NO 161 
&211s LENGTH: 25 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H38A (+88+112) ) 

<4 OOs, SEQUENCE: 161 

ugaagucuuc cucuulucaga lulucac 25 
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<210s, SEQ ID NO 162 
&211s LENGTH: 24 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H39A (+62+85) ) 

<4 OOs, SEQUENCE: 162 

cluggcuuucu Cucauclugug aluulc 24 

<210s, SEQ ID NO 163 
&211s LENGTH: 2O 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H39A (+39+58) ) 

<4 OOs, SEQUENCE: 163 

guuguaagulu glucuccuculu. 2O 

<210s, SEQ ID NO 164 
&211s LENGTH: 2O 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H39A (+102+121) 

<4 OOs, SEQUENCE: 164 

ulugu.clugulaa Cagclugclugu 2O 

<210s, SEQ ID NO 165 
&211s LENGTH: 2O 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H39D (+10-10) ) 

<4 OOs, SEQUENCE: 165 

gCuculaallac Culugaga.gca 2O 

<210s, SEQ ID NO 166 
&211s LENGTH: 22 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H4OA (-O5+17) ) 

<4 OOs, SEQUENCE: 166 

cuuugaga cc ulcalaalucclug lulu. 22 

<210s, SEQ ID NO 167 
&211s LENGTH: 25 

212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H4OA (+129+153) ) 

<4 OOs, SEQUENCE: 167 

cuuulauluuuc cululucaucuc lugggg 25 

<210s, SEQ ID NO 168 
&211s LENGTH: 27 

212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
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22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H42A (-O4+23) ) 

<4 OOs, SEQUENCE: 168 

aucgululucuu cacggacagul glugclugg 27 

<210s, SEQ ID NO 169 
&211s LENGTH: 24 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H42A (+86+109) 

<4 OOs, SEQUENCE: 169 

gggculuguga gacalugaglug aluull 24 

<210s, SEQ ID NO 170 
&211s LENGTH: 22 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H42D (+19 - O2) ) 

<4 OOs, SEQUENCE: 170 

acculucagag gacuccucuu gc 22 

<210s, SEQ ID NO 171 
& 211 LENGTH 25 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H43D (+10-15)) 

<4 OOs, SEQUENCE: 171 

luauguguulac cluacccuugu ciguc 25 

<210s, SEQ ID NO 172 
&211s LENGTH: 2O 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H43A (+10.1+12O) 

<4 OOs, SEQUENCE: 172 

ggagagagcu ulcCuguagcu. 2O 

<210s, SEQ ID NO 173 
&211s LENGTH: 23 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H43A (+78+100) 

<4 OOs, SEQUENCE: 173 

ulcacccuuuc Cacaggcgulu gca 23 

<210s, SEQ ID NO 174 
&211s LENGTH: 2O 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H44A (+85+104) 

<4 OOs, SEQUENCE: 174 
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uuugugu.culu. ulculgagaaac 2O 

<210s, SEQ ID NO 175 
&211s LENGTH: 2O 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H44D (+10-10) ) 

<4 OO > SEQUENCE: 175 

aaagacuulac Cullalagallac 2O 

<210s, SEQ ID NO 176 
&211s LENGTH: 2O 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H44A (-O6+14) ) 

<4 OOs, SEQUENCE: 176 

auclugu.calaa lucgc.culgcag 2O 

<210s, SEQ ID NO 177 
&211s LENGTH: 2O 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H46D (+1.6- 04) ) 

<4 OO > SEQUENCE: 177 

ullaccuugac ulug cucaa.gc 2O 

<210s, SEQ ID NO 178 
&211s LENGTH: 2O 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H46A (+90+10.9) 

<4 OOs, SEQUENCE: 178 

luccagguluca agugggallac 2O 

<210s, SEQ ID NO 179 
&211s LENGTH: 25 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H47A (+76+100) ) 

<4 OO > SEQUENCE: 179 

gCucullclugg gCulualuggga gcacul 25 

<210s, SEQ ID NO 18O 
&211s LENGTH: 27 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H47D (+25- O2) ) 

<4 OOs, SEQUENCE: 18O 

accululualu.cc acuggagaluu lugu.clugc 27 
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<210s, SEQ ID NO 181 
&211s LENGTH: 21 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H47A (-9+12) ) 

<4 OOs, SEQUENCE: 181 

uluccaccagu aaculgaalaca g 21 

<210s, SEQ ID NO 182 
&211s LENGTH: 29 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H5OA (+O2+30) ) 

<4 OOs, SEQUENCE: 182 

C Caculcagag Clucagalucuu Cua acuucc 29 

<210s, SEQ ID NO 183 
&211s LENGTH: 27 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H5OA (+07+33) ) 

<4 OOs, SEQUENCE: 183 

Cullcca Cuca gag Clucagall Cullculaa 27 

<210s, SEQ ID NO 184 
&211s LENGTH: 26 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H51A (-O1+25) 

<4 OOs, SEQUENCE: 184 

accagaguaia Caguclugagu aggagc 26 

<210s, SEQ ID NO 185 
&211s LENGTH: 23 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H51D (+16- o7) ) 

<4 OOs, SEQUENCE: 185 

Cucaulaccuu culgcuugalug auc 23 

<210s, SEQ ID NO 186 
&211s LENGTH: 24 

212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H51A (+1.11 +134) 

<4 OOs, SEQUENCE: 186 

uucluguccala gcc.cgguuga aaulic 24 

<210s, SEQ ID NO 187 
&211s LENGTH: 30 

212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
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223 OTHER INFORMATION: 

< 4 OOs 

FEATURE: 

SEQUENCE: 187 

Synthetic 

Cuccaiacaluc aaggaagalug gCaluuluculag 

SEQ ID NO 
LENGTH: 25 
TYPE : RNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: 

SEQUENCE: 

188 

188 

Synthetic 

aucaululuuluu cucaulaccuul clugclu. 

SEQ ID NO 
LENGTH: 36 
TYPE : RNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: 

SEQUENCE: 

189 

189 

Synthetic 

- Continued 

(H51A (+66+95) ) 

(H51D (+08-17)) 

(H51A/D (+08-17) & 

aucaululuuluu cucaulaccuu culgcuaggag cuaaaa 

cacccaccau cacccucugu g 

aucaucucgu lugaulauccuC aa 

lucculgcaulug uugc.culgulaa g 

SEQ ID NO 
LENGTH 21 
TYPE : RNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: 

SEQUENCE: 

SEQ ID NO 
LENGTH: 22 
TYPE : RNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: 

SEQUENCE: 

SEQ ID NO 
LENGTH: 21 
TYPE : RNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: 

SEQUENCE: 

SEQ ID NO 
LENGTH: 30 
TYPE : RNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: 

SEQUENCE: 

190 

190 

191 

191 

192 

192 

193 

193 

Synthetic 

Synthetic 

Synthetic 

Synthetic 

(H51A (+1.75+195) 

(H51A (+199+22O) 

(H52A ( - O7+14) ) 

(H52A (+12+ 41) ) 

67 

(-15+) ) 

3 O 

25 

36 

21 

22 

21 

Nov. 6, 2014 
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lucca acuggg gacgc.cucug luluccalaalucc 3 O 

<210s, SEQ ID NO 194 
&211s LENGTH: 21 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H52A(+17+37) ) 

<4 OOs, SEQUENCE: 194 

a cluggggacg C cuculgulucca 21 

<210s, SEQ ID NO 195 
&211s LENGTH: 2O 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H52A(+93+112) ) 

<4 OOs, SEQUENCE: 195 

ccgulaalugau uguucuagcc 2O 

<210s, SEQ ID NO 196 
&211s LENGTH: 2O 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H52D (+05-15)) 

<4 OOs, SEQUENCE: 196 

lugullaaaaaa cullacuucga 2O 

<210s, SEQ ID NO 197 
&211s LENGTH: 25 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H53A (+45+69) ) 

<4 OO > SEQUENCE: 197 

Cauluca acug uugccuccgg uuclug 25 

<210s, SEQ ID NO 198 
&211s LENGTH: 24 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H53A (+39+62) ) 

<4 OOs, SEQUENCE: 198 

clugulugccuC C9guuclugaa ggug 24 

<210s, SEQ ID NO 199 
&211s LENGTH: 31 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H53A (+39+69) ) 

<4 OOs, SEQUENCE: 199 

Cauluca acug uugccuccgg uuclugaaggu g 31 
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<210s, SEQ ID NO 2 OO 
&211s LENGTH: 21 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H53D (+14 – O7) ) 

<4 OOs, SEQUENCE: 2OO 

uaculaaccuu gguluuclugug a 21 

<210s, SEQ ID NO 2 O1 
&211s LENGTH: 25 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H53A (+23+47) ) 

<4 OOs, SEQUENCE: 2O1 

Cugaaggugu ulculugu.acuul Caucc 25 

<210s, SEQ ID NO 202 
&211s LENGTH: 27 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H53A (+150+176) ) 

<4 OOs, SEQUENCE: 2O2 

ugllallaggga CCCuccullcc algacuc 27 

<210s, SEQ ID NO 203 
&211s LENGTH: 25 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H53D (+2 O-O5) ) 

<4 OOs, SEQUENCE: 2O3 

Cualaccuugg uuuclugugaul uuucu. 25 

<210s, SEQ ID NO 204 
&211s LENGTH: 27 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H53D (+09-18) ) 

<4 OOs, SEQUENCE: 204 

ggualucuulug aluacula accu. lugguuuc 27 

<210s, SEQ ID NO 205 
&211s LENGTH: 22 

212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H53A (-12+10) ) 

<4 OOs, SEQUENCE: 205 

aluucuuucaa Culagaaluaaa ag 22 

<210s, SEQ ID NO 206 
&211s LENGTH: 25 

212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
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22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H53A (-O7+18) ) 

<4 OOs, SEQUENCE: 2O6 

gaullculgaalu ulcuuucaiacu agaalu 25 

<210s, SEQ ID NO 2 O7 
&211s LENGTH: 2O 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H53A (+07+26) ) 

<4 OOs, SEQUENCE: 2O7 

aluccCaculga lullclugaaluuc 2O 

<210s, SEQ ID NO 208 
&211s LENGTH: 22 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H53A (+124+145) ) 

<4 OOs, SEQUENCE: 208 

uluggcucugg C clugucculaa ga 22 

<210s, SEQ ID NO 209 
& 211 LENGTH: 30 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H46A (+86+115) 

<4 OOs, SEQUENCE: 209 

Cuculuulucca ggulucaagug ggallacuagc 3 O 

<210s, SEQ ID NO 210 
&211s LENGTH: 31 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H46A (+107+137) 

<4 OOs, SEQUENCE: 210 

Caagcuuuuc ululululagulugc lugclucuuuuc C 31 

<210s, SEQ ID NO 211 
&211s LENGTH: 30 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H46A (-10+2O) 

<4 OOs, SEQUENCE: 211 

ulaulucuuuuguucuucuagc cluggagaaag 3 O 

<210s, SEQ ID NO 212 
&211s LENGTH: 28 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H46A (+50+77) ) 

<4 OOs, SEQUENCE: 212 
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clugcuuccuc caaccaluaaa acaaauuc 28 

<210s, SEQ ID NO 213 
&211s LENGTH: 26 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H45A (-O6+2O)) 

<4 OOs, SEQUENCE: 213 

cCaalugcc au C cluggaguuc cluguaa 26 

<210s, SEQ ID NO 214 
&211s LENGTH: 2O 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H45A (+91 +110) 

<4 OOs, SEQUENCE: 214 

lucculgulagaa uacuggcauc 2O 

<210s, SEQ ID NO 215 
&211s LENGTH: 27 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H45A (+125+151) 

<4 OOs, SEQUENCE: 215 

lugcagaccuC clugccaccgc agauluca 27 

<210s, SEQ ID NO 216 
&211s LENGTH: 2O 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H45D (+16 - 04) ) 

<4 OOs, SEQUENCE: 216 

Cuac Cucululu ululu.clugu.clug 2O 

<210s, SEQ ID NO 217 
&211s LENGTH: 2O 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H45A (+71+90) ) 

<4 OOs, SEQUENCE: 217 

uguuuuugag gaulugclugaa 2O 

<210s, SEQ ID NO 218 
&211s LENGTH: 28 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H53A (+33+6O) ) 

<4 OOs, SEQUENCE: 218 

gttgcCtc.cg gttctgaagg tdttcttg 28 
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<210s, SEQ ID NO 219 
&211s LENGTH: 25 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H53A (+23+47) ) 

<4 OOs, SEQUENCE: 219 

ctgaaggtgt tottgtactt catcc 25 

<210s, SEQ ID NO 220 
&211s LENGTH: 30 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H53A (+33+62) ) 

<4 OOs, SEQUENCE: 220 

Ctgttgcctic cqgttctgaa ggtgttcttg 3 O 

<210s, SEQ ID NO 221 
&211s LENGTH: 33 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H53A (+33+65) ) 

<4 OOs, SEQUENCE: 221 

Caactgttgc Ctc.cggttct galaggtgttc ttg 33 

<210s, SEQ ID NO 222 
&211s LENGTH: 25 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H53A (+31+55) ) 

<4 OOs, SEQUENCE: 222 

Ctc.cggttct galaggtgttc ttgta 25 

<210s, SEQ ID NO 223 
&211s LENGTH: 28 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H53A (+46+73) ) 

<4 OOs, SEQUENCE: 223 

attt cattca actgttgcct c cqgttct 28 

<210s, SEQ ID NO 224 
&211s LENGTH: 25 

&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H53A (+22+46)) 

<4 OOs, SEQUENCE: 224 

tgaaggtgtt cittgtact tc atc.cc 25 

<210s, SEQ ID NO 225 
&211s LENGTH: 24 

&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
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22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H53A (+46+69) ) 

<4 OOs, SEQUENCE: 225 

cattcaactg ttgcct cogg ttct 24 

<210s, SEQ ID NO 226 
&211s LENGTH: 22 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H53A (+40+61) ) 

<4 OOs, SEQUENCE: 226 

tgttgcct Co ggttctgaag git 22 

<210s, SEQ ID NO 227 
&211s LENGTH: 25 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H53A (+30+6O) ) 

<4 OOs, SEQUENCE: 227 

gttgcCtc.cg gttctgaagg tdttic 25 

<210s, SEQ ID NO 228 
& 211 LENGTH: 28 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H53A (+3 O--57) ) 

<4 OOs, SEQUENCE: 228 

gcct Coggitt Ctgaaggtgt t cttgtac 28 

<210s, SEQ ID NO 229 
&211s LENGTH: 27 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H53A (+30+56) ) 

<4 OOs, SEQUENCE: 229 

cctic cqgttctgaaggtgtt Cttgtac 27 

<210s, SEQ ID NO 230 
&211s LENGTH: 26 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H53A (+30+55) ) 

<4 OOs, SEQUENCE: 23 O 

Ctc.cggttct galaggtgttc ttgtac 26 

<210s, SEQ ID NO 231 
&211s LENGTH: 25 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H53A (+33+57) ) 

<4 OOs, SEQUENCE: 231 
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gcct Coggitt Ctgaaggtgt t cttg 25 

<210s, SEQ ID NO 232 
&211s LENGTH: 24 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H44A (-O7+17) 

<4 OOs, SEQUENCE: 232 

Cagatctgtc. aaatcgc.ctg. Cagg 24 

<210s, SEQ ID NO 233 
&211s LENGTH: 27 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H44A (-07+2O) 

<4 OOs, SEQUENCE: 233 

Calacagat ct gtcaaatcgc ctgcagg 27 

<210s, SEQ ID NO 234 
&211s LENGTH: 29 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H44A (- 07+22) 

<4 OOs, SEQUENCE: 234 

citcaiacagat citgtcaaatc gcc tdcagg 29 

<210s, SEQ ID NO 235 
&211s LENGTH: 25 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H44A (+77+101) 

<4 OOs, SEQUENCE: 235 

gtgtc.tttct gagaaactgt toagc 25 

<210s, SEQ ID NO 236 
&211s LENGTH: 28 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H44A (+64+91) ) 

<4 OOs, SEQUENCE: 236 

gagaaactgt toagcttctg ttagccac 28 

<210s, SEQ ID NO 237 
&211s LENGTH: 28 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H44A (+62+89) ) 

<4 OOs, SEQUENCE: 237 

gaaactgttc agcttctgtt agccactg 28 
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<210s, SEQ ID NO 238 
&211s LENGTH: 24 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H44A (+62+85) ) 

<4 OOs, SEQUENCE: 238 

ctgttcagct tctgttagcc actg 24 

<210s, SEQ ID NO 239 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H44A (-O6+14) ) 

<4 OOs, SEQUENCE: 239 

atctgtcaaa togcctgcag 2O 

<210s, SEQ ID NO 24 O 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H44A (+85+104) 

<4 OOs, SEQUENCE: 240 

tttgttgtc.tt totgagaaac 2O 

<210s, SEQ ID NO 241 
&211s LENGTH: 24 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H44A (+61+84) ) 

<4 OOs, SEQUENCE: 241 

tgttcagott ctdttagcca citga 24 

<210s, SEQ ID NO 242 
&211s LENGTH: 25 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H44A (-10+15) 

<4 OOs, SEQUENCE: 242 

gatctgtcaa atcgc.ctgca ggtaa 25 

<210s, SEQ ID NO 243 
&211s LENGTH: 25 

&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H44A (+64+88) ) 

<4 OOs, SEQUENCE: 243 

aaactgttca gcttctgtta gccac 25 

<210s, SEQ ID NO 244 
&211s LENGTH: 25 

&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
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22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H44A (+79+103) 

<4 OOs, SEQUENCE: 244 

ttgttgttctitt ctdagaaact gttca 25 

<210s, SEQ ID NO 245 
&211s LENGTH: 26 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H44A (-O6+2O) 

<4 OOs, SEQUENCE: 245 

caacagat ct gtcaaatcgc ctdcag 26 

<210s, SEQ ID NO 246 
&211s LENGTH: 26 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H44A (-09+17) 

<4 OOs, SEQUENCE: 246 

Cagatctgtc. aaatcgc.ctg. Caggta 26 

<210s, SEQ ID NO 247 
& 211 LENGTH: 27 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H44A (+59--85) ) 

<4 OOs, SEQUENCE: 247 

ctgttcagct tctgttagcc actgatt 27 

<210s, SEQ ID NO 248 
&211s LENGTH: 31 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H44A (+59--89) ) 

<4 OOs, SEQUENCE: 248 

gaaactgttc agcttctgtt agccactgat t 31 

<210s, SEQ ID NO 249 
&211s LENGTH: 26 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (H44A (+65+90) ) 

<4 OOs, SEQUENCE: 249 

agaaactgtt cagcttctgt tagcca 26 

<210s, SEQ ID NO 250 
&211s LENGTH: 25 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (Hu. DMD. Exon44.25. OO1) 

<4 OOs, SEQUENCE: 250 
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Ctgcaggtaa aag catatgg at Caa 

<210s, SEQ ID NO 251 
&211s LENGTH: 25 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (Hu. DMD. Exon44.25. OO2) 

<4 OOs, SEQUENCE: 251 

atcgc.ctgca ggtaaaag.ca tatgg 

<210s, SEQ ID NO 252 
&211s LENGTH: 25 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (Hu. DMD. Exon44.25. OO3) 

<4 OOs, SEQUENCE: 252 

gtcaaatcgc ctgcaggtaa aagca 

<210s, SEQ ID NO 253 
&211s LENGTH: 25 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (Hu. DMD. Exon44. 25. OO5) 

<4 OOs, SEQUENCE: 253 

caacagat ct gtcaaatcgc ctdca 

<210s, SEQ ID NO 254 
&211s LENGTH: 25 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (Hu. DMD. Exon44.25. OO6) 

<4 OOs, SEQUENCE: 254 

tittct caa.ca gatctgtcaa atcgc 

<210s, SEQ ID NO 255 
&211s LENGTH: 25 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (Hu. DMD. Exon44.25. OO7) 

<4 OO > SEQUENCE: 255 

c catttctica acagatctgt caaat 

<210s, SEQ ID NO 256 
&211s LENGTH: 25 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (Hu. DMD. Exon44.25. OO8) 

<4 OOs, SEQUENCE: 256 

ataatgaaaa cqc cqc catt totca 

25 

25 

25 

25 

25 

25 

25 
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<210s, SEQ ID NO 257 
&211s LENGTH: 25 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (Hu. DMD. Exon44.25. OO9) 

<4 OO > SEQUENCE: 257 

aaatat ctitt at at cataat gaaaa 

<210s, SEQ ID NO 258 
&211s LENGTH: 25 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (Hu. DMD. Exon44.25. O10) 

<4 OOs, SEQUENCE: 258 

tgttagccac tdattaaata t ctitt 

<210s, SEQ ID NO 259 
&211s LENGTH: 25 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (Hu. DMD. Exon44.25. O13) 

<4 OOs, SEQUENCE: 259 

c caattctica ggaatttgttgtctitt 

<210s, SEQ ID NO 260 
&211s LENGTH: 25 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (Hu. DMD. Exon44.25. O14) 

<4 OOs, SEQUENCE: 260 

gtatttagca tdttcc caat t ct ca 

<210s, SEQ ID NO 261 
&211s LENGTH: 25 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (Hu. DMD. Exon44.25. O15) 

<4 OOs, SEQUENCE: 261 

cittaagatac catttgtatt tagca 

<210s, SEQ ID NO 262 
&211s LENGTH: 25 

&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (Hu. DMD. Exon44.25. O16) 

<4 OOs, SEQUENCE: 262 

cittaccttaa gataccattt g tatt 

<210s, SEQ ID NO 263 
&211s LENGTH: 25 

&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 

25 

25 

25 

25 

25 
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22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (Hu. DMD. Exon44.25. O17) 

<4 OOs, SEQUENCE: 263 

aaag acttac cittaagatac cattt 

<210s, SEQ ID NO 264 
&211s LENGTH: 25 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (Hu. DMD. Exon44.25. O18) 

<4 OOs, SEQUENCE: 264 

aaatcaaaga cittaccttaa gatac 

<210s, SEQ ID NO 265 
&211s LENGTH: 25 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (Hu. DMD. Exon44.25. O19) 

<4 OOs, SEQUENCE: 265 

aaaacaaatc aaagacittac cittaa 

<210s, SEQ ID NO 266 
& 211 LENGTH 25 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (Hu. DMD. Exon44.25. O2O) 

<4 OOs, SEQUENCE: 266 

tcqaaaaaac aaatcaaaga cittac 

<210s, SEQ ID NO 267 
&211s LENGTH: 25 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (Hu. DMD. Exon45. 25. OO1) 

<4 OOs, SEQUENCE: 267 

ctgtaagata ccaaaaaggc aaaac 

<210s, SEQ ID NO 268 
&211s LENGTH: 25 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (Hu. DMD. Exon45. 25. OO2) 

<4 OOs, SEQUENCE: 268 

cctgtaagat accaaaaagg caaaa 

<210s, SEQ ID NO 269 
&211s LENGTH: 25 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (Hu. DMD. Exon45. 25. OO2.2) 

<4 OOs, SEQUENCE: 269 

25 

25 

25 

25 

25 
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agttcCt9ta agataccalaa aaggc 

<210s, SEQ ID NO 270 
&211s LENGTH: 25 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (Hu. DMD. Exon45. 25. OO3) 

<4 OOs, SEQUENCE: 270 

gagttcCtgt aagataccala aaagg 

<210s, SEQ ID NO 271 
&211s LENGTH: 25 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (Hu. DMD. Exon45. 25. OO3.2) 

<4 OOs, SEQUENCE: 271 

cctggagttc ctd taagata ccaaa 

<210s, SEQ ID NO 272 
&211s LENGTH: 25 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (Hu. DMD. Exon45. 25. OO4) 

<4 OOs, SEQUENCE: 272 

t cct ggagtt cotgtaagat accaa 

<210s, SEQ ID NO 273 
&211s LENGTH: 25 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (Hu. DMD. Exon45. 25. OO4.2) 

<4 OOs, SEQUENCE: 273 

gccatcCtgg agttcCtgta agata 

<210s, SEQ ID NO 274 
&211s LENGTH: 25 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (Hu. DMD. Exon45. 25. OO5) 

<4 OOs, SEQUENCE: 274 

tgc.catcc td gagttcctgt aagat 

<210s, SEQ ID NO 275 
&211s LENGTH: 25 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (Hu. DMD. Exon45. 25. OO5.2) 

<4 OO > SEQUENCE: 275 

c caatgcc at cotggagttc ctdta 

25 

25 

25 

25 

25 

25 
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<210s, SEQ ID NO 276 
&211s LENGTH: 25 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (Hu. DMD. Exon45. 25. OO6) 

<4 OOs, SEQUENCE: 276 

cc caatgcca toctdgagtt cotgt 

<210s, SEQ ID NO 277 
&211s LENGTH: 25 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (Hu. DMD. Exon45. 25. OO6.2 ) 

<4 OO > SEQUENCE: 277 

gctgcc caat gcc atcCtgg agttc 

<210s, SEQ ID NO 278 
&211s LENGTH: 25 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (Hu. DMD. Exon45.25. Oo7) 

<4 OO > SEQUENCE: 278 

cgctg.cccaa tic CatCctg gagtt 

<210s, SEQ ID NO 279 
&211s LENGTH: 25 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (Hu. DMD. Exon45. 25. OO8) 

<4 OO > SEQUENCE: 279 

aacagtttgc cqctg.cccaa togc.ca 

<210s, SEQ ID NO 280 
&211s LENGTH: 25 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (Hu. DMD. Exon45. 25. OO8.2) 

<4 OOs, SEQUENCE: 280 

ctgacaacag tittgcc.gctg. cccaa 

<210s, SEQ ID NO 281 
&211s LENGTH: 25 

&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (Hu. DMD. Exon45. 25. OO9) 

<4 OOs, SEQUENCE: 281 

gttgcattca atgttctgac aacag 

<210s, SEQ ID NO 282 
&211s LENGTH: 25 

&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 

25 

25 

25 

25 

25 
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22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (Hu. DMD. Exon45. 25. O10) 

<4 OOs, SEQUENCE: 282 

gctgaattat ttct tcc.cca gttgc 

<210s, SEQ ID NO 283 
&211s LENGTH: 25 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (Hu. DMD. Exon45. 25. O10.2) 

<4 OOs, SEQUENCE: 283 

attatttctt coccagttgc attca 

<210s, SEQ ID NO 284 
&211s LENGTH: 25 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (Hu. DMD. Exon45. 25. O11) 

<4 OOs, SEQUENCE: 284 

ggcatctgtt tttgaggatt gctga 

<210s, SEQ ID NO 285 
& 211 LENGTH 25 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (Hu. DMD. Exon45. 25. O11.2) 

<4 OOs, SEQUENCE: 285 

tittgaggatt gctgaattat ttctt 

<210s, SEQ ID NO 286 
&211s LENGTH: 25 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (Hu. DMD. Exon45. 25. O12) 

<4 OOs, SEQUENCE: 286 

aatttitt cct gtagaatact ggcat 

<210s, SEQ ID NO 287 
&211s LENGTH: 25 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (Hu. DMD. Exon45. 25. O12.2) 

<4 OO > SEQUENCE: 287 

at actggcat citgtttittga gqatt 

<210s, SEQ ID NO 288 
&211s LENGTH: 25 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (Hu. DMD. Exon45. 25. O13) 

<4 OOs, SEQUENCE: 288 

25 

25 

25 

25 

25 
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acco cagatt caggct tccc aattit 

<210s, SEQ ID NO 289 
&211s LENGTH: 25 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (Hu. DMD. Exon45. 25. O14) 

<4 OOs, SEQUENCE: 289 

ctgtttgcag acct cotgcc accqc 

<210s, SEQ ID NO 290 
&211s LENGTH: 25 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (Hu. DMD. Exon45. 25. O14.2) 

<4 OOs, SEQUENCE: 290 

agatticaggc titcc caattt titcct 

<210s, SEQ ID NO 291 
&211s LENGTH: 25 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (Hu. DMD. Exon45. 25. O15) 

<4 OOs, SEQUENCE: 291 

citctttitt to tdtctgacag ctgtt 

<210s, SEQ ID NO 292 
&211s LENGTH: 25 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (Hu. DMD. Exon45. 25. O15.2) 

<4 OOs, SEQUENCE: 292 

acct cotgcc accogcagatt caggc 

<210s, SEQ ID NO 293 
&211s LENGTH: 25 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (Hu. DMD. Exon45. 25. O16) 

<4 OOs, SEQUENCE: 293 

cctacct citt ttittctgtct gacag 

<210s, SEQ ID NO 294 
&211s LENGTH: 25 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (Hu. DMD. Exon45. 25. O16.2 ) 

<4 OOs, SEQUENCE: 294 

gacagotgtt to agacctic ctgcc 

25 

25 

25 

25 

25 

25 
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<210s, SEQ ID NO 295 
&211s LENGTH: 25 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (Hu. DMD. Exon45. 25. O17) 

<4 OOs, SEQUENCE: 295 

gtc.gc.cctac ct ctitttittctgtct 

<210s, SEQ ID NO 296 
&211s LENGTH: 25 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (Hu. DMD. Exon45. 25. O18) 

<4 OOs, SEQUENCE: 296 

gatctgtc.gc cctacct citt tttitc 

<210s, SEQ ID NO 297 
&211s LENGTH: 25 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (Hu. DMD. Exon45. 25. O19) 

<4 OO > SEQUENCE: 297 

tatt agat ct gtc.gcc ctac ct citt 

<210s, SEQ ID NO 298 
&211s LENGTH: 25 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (Hu. DMD. Exon45. 25. O2O) 

<4 OOs, SEQUENCE: 298 

attic ct atta gatctgtc.gc cctac 

<210s, SEQ ID NO 299 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (Hu. DMD. Exon45. 20. OO1) 

<4 OOs, SEQUENCE: 299 

agataccalaa aaggcaaaac 

<210s, SEQ ID NO 3 OO 
&211s LENGTH: 2O 

&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (Hu. DMD. Exon45. 20. OO2) 

<4 OOs, SEQUENCE: 3 OO 

aagataccala aaaggcaaaa 

<210s, SEQ ID NO 3 O1 
&211s LENGTH: 2O 

&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 

25 

25 

25 
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22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (Hu. DMD. Exon45. 20. OO3) 

<4 OOs, SEQUENCE: 301 

Cctgtaagat accaaaaagg 

<210s, SEQ ID NO 3 O2 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (Hu. DMD. Exon45. 20. OO4) 

<4 OOs, SEQUENCE: 302 

gagttcctgt aagataccaa 

<210s, SEQ ID NO 3 O3 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (Hu. DMD. Exon45. 20. OO5) 

<4 OOs, SEQUENCE: 303 

t cctggagtt cctgtaagat 

<210s, SEQ ID NO 3 O4 
& 211 LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (Hu. DMD. Exon45. 20. OO6) 

<4 OOs, SEQUENCE: 304 

tgc.catcc td gagttcctgt 

<210s, SEQ ID NO 3 O5 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (Hu. DMD. Exon45. 20. OO7) 

<4 OOs, SEQUENCE: 305 

cc caatgcca toctdgagtt 

<210s, SEQ ID NO 3 O6 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (Hu. DMD. Exon45. 20. OO8) 

<4 OOs, SEQUENCE: 306 

cgctg.cccaa togc catcc td 

<210s, SEQ ID NO 3 O7 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (Hu. DMD. Exon45. 20. OO9) 

<4 OO > SEQUENCE: 3 O7 
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Ctgaca acag tittgcc.gctg 

<210s, SEQ ID NO 3 O8 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (Hu. DMD. Exon45. 20. O10) 

<4 OOs, SEQUENCE: 308 

gttgcattca atgttctgac 

<210s, SEQ ID NO 3 O9 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (Hu. DMD. Exon45. 20. O11) 

<4 OOs, SEQUENCE: 309 

attatttctt coccagttgc 

<210s, SEQ ID NO 310 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (Hu. DMD. Exon45. 20. O12) 

<4 OOs, SEQUENCE: 310 

tittgaggatt gctgaattat 

<210s, SEQ ID NO 311 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (Hu. DMD. Exon45. 20. O13) 

<4 OOs, SEQUENCE: 311 

at actggcat citgtttittga 

<210s, SEQ ID NO 312 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (Hu. DMD. Exon45. 20. O14) 

<4 OOs, SEQUENCE: 312 

aatttitt cct gtagaatact 

<210s, SEQ ID NO 313 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (Hu. DMD. Exon45. 20. O15) 

<4 OOs, SEQUENCE: 313 

agatticaggc titcc caatitt 
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<210s, SEQ ID NO 314 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (Hu. DMD. Exon45. 20. O16) 

<4 OOs, SEQUENCE: 314 

acct cotgcc accogcagatt 

<210s, SEQ ID NO 315 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (Hu. DMD. Exon45. 20. O17) 

<4 OOs, SEQUENCE: 315 

gacagotgtt to agacctic 

<210s, SEQ ID NO 316 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (Hu. DMD. Exon45. 20. O18) 

<4 OOs, SEQUENCE: 316 

citct tttittctgtctgacag 

<210s, SEQ ID NO 317 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (Hu. DMD. Exon45. 20. O19) 

<4 OOs, SEQUENCE: 317 

cctacctcitt tttitctgtct 

<210s, SEQ ID NO 318 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (Hu. DMD. Exon45. 20. O2O) 

<4 OOs, SEQUENCE: 318 

gtc.gc.cctac citctttitt to 

<210s, SEQ ID NO 319 
&211s LENGTH: 2O 

&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (Hu. DMD. Exon45. 20. O21) 

<4 OOs, SEQUENCE: 319 

gatctgtc.gc cctacct citt 

<210s, SEQ ID NO 320 
&211s LENGTH: 2O 

&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 

2O 
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22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (Hu. DMD. Exon45. 20. O22) 

<4 OOs, SEQUENCE: 32O 

tattagat ct gtc.gcc ctac 

<210s, SEQ ID NO 321 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (Hu. DMD. Exon45. 20. O23) 

<4 OOs, SEQUENCE: 321 

attic ct atta gatctgtc.gc 

<210s, SEQ ID NO 322 
&211s LENGTH: 25 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (Hu. DMD. Exon46.25. OO1) 

<4 OOs, SEQUENCE: 322 

gggggatttg agaaaataaa attac 

<210s, SEQ ID NO 323 
& 211 LENGTH 25 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (Hu. DMD. Exon46.25. OO2) 

<4 OOs, SEQUENCE: 323 

atttgagaaa ataaaattac Cttga 

<210s, SEQ ID NO 324 
&211s LENGTH: 25 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (Hu. DMD. Exon46.25. OO2.2) 

<4 OOs, SEQUENCE: 324 

Ctagcctgga gaaagaagaa taaaa 

<210s, SEQ ID NO 325 
&211s LENGTH: 25 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (Hu. DMD. Exon46.25. OO3) 

<4 OOs, SEQUENCE: 325 

agaaaataaa attaccttga cittgc 

<210s, SEQ ID NO 326 
&211s LENGTH: 25 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (Hu. DMD. Exon46.25. OO3.2) 

<4 OOs, SEQUENCE: 326 

25 

25 

25 

25 
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ttcttctago Ctggagaaag aagaa 

<210s, SEQ ID NO 327 
&211s LENGTH: 25 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (Hu. DMD. Exon46.25. OO4) 

<4 OOs, SEQUENCE: 327 

ataaaattac Cttgacttgc ticaag 

<210s, SEQ ID NO 328 
&211s LENGTH: 25 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (Hu. DMD. Exon46.25. OO4.2) 

<4 OOs, SEQUENCE: 328 

ttttgttctt ctagoctogga gaaag 

<210s, SEQ ID NO 329 
&211s LENGTH: 25 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (Hu. DMD. Exon46.25. OO5) 

<4 OOs, SEQUENCE: 329 

attaccttga cittgct caag cittitt 

<210s, SEQ ID NO 330 
&211s LENGTH: 25 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (Hu. DMD. Exon46.25. OO5.2) 

<4 OOs, SEQUENCE: 330 

tatt ctitttgttcttctago citgga 

<210s, SEQ ID NO 331 
&211s LENGTH: 25 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (Hu. DMD. Exon46.25. OO6) 

<4 OOs, SEQUENCE: 331 

cittgacttgc ticaagcttitt Cttitt 

<210s, SEQ ID NO 332 
&211s LENGTH: 25 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (Hu. DMD. Exon46.25. OO6.2 ) 

<4 OOs, SEQUENCE: 332 

caagatatt c titttgttctt ctago 

25 

25 

25 

25 

25 

25 

25 
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<210s, SEQ ID NO 333 
&211s LENGTH: 25 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (Hu. DMD. Exon46.25. OO7) 

<4 OOs, SEQUENCE: 333 

cittittagttg ctgct cittitt coagg 

<210s, SEQ ID NO 334 
&211s LENGTH: 25 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (Hu. DMD. Exon46.25. OO8) 

<4 OOs, SEQUENCE: 334 

cCaggttcaa gtgggatact agcaa. 

<210s, SEQ ID NO 335 
&211s LENGTH: 25 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (Hu. DMD. Exon46.25. OO8.2) 

<4 OOs, SEQUENCE: 335 

atct Ctttga aattctgaca agata 

<210s, SEQ ID NO 336 
&211s LENGTH: 25 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (Hu. DMD. Exon46.25. OO9) 

<4 OOs, SEQUENCE: 336 

agcaatgtta t ctogct tcct c caac 

<210s, SEQ ID NO 337 
&211s LENGTH: 25 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (Hu. DMD. Exon46.25. OO9.2 ) 

<4 OO > SEQUENCE: 337 

aacaaattica tttaaatc to tttga 

<210s, SEQ ID NO 338 
&211s LENGTH: 25 

&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (Hu. DMD. Exon46.25. O10) 

<4 OOs, SEQUENCE: 338 

CCalaccatala aacaaattica tttala 

<210s, SEQ ID NO 339 
&211s LENGTH: 25 

&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 

25 

25 

25 

25 

25 

25 
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22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (Hu. DMD. Exon46.25. O10.2) 

<4 OOs, SEQUENCE: 339 

titcCtcCaac Cataaaacaa att Ca 

<210s, SEQ ID NO 340 
&211s LENGTH: 25 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (Hu. DMD. Exon46.25. O11) 

<4 OOs, SEQUENCE: 340 

tittaaatc to tttgaaattic togaca 

<210s, SEQ ID NO 341 
&211s LENGTH: 25 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (Hu. DMD. Exon46.25. O12) 

<4 OOs, SEQUENCE: 341 

tgacaagata ttctitttgtt Cttct 

<210s, SEQ ID NO 342 
& 211 LENGTH 25 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (Hu. DMD. Exon46.25. O12.2) 

<4 OOs, SEQUENCE: 342 

ttcaagtggg atactagdaa titta 

<210s, SEQ ID NO 343 
&211s LENGTH: 25 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (Hu. DMD. Exon46.25. O13) 

<4 OOs, SEQUENCE: 343 

agat attctt ttgttcttct agc ct 

<210s, SEQ ID NO 344 
&211s LENGTH: 25 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (Hu. DMD. Exon46.25. O13.2) 

<4 OOs, SEQUENCE: 344 

Ctgcticttitt C caggttcaa gtggg 

<210s, SEQ ID NO 345 
&211s LENGTH: 25 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic (Hu. DMD. Exon46.25. O14) 

<4 OOs, SEQUENCE: 345 

25 

25 

25 

25 

25 

25 

Nov. 6, 2014 


























































































































































































