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COMPOSITIONS AND METHODS FOR TREATING MYOTONIC

DYSTROPHY TYPE 1

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH OR

DEVELOPMENT

This invention was made with government support under Contract Nos.

5R01NS060839 and 5R01NS050861 awarded by the National Institute for Health. The

government has certain rights in the invention.

FIELD OF THE INVENTION

The present invention relates to compositions and methods of treating Myotonic

Dystrophy type .

BACKGROUND OF THE INVENTION

Myotonic Dystrophy type 1 (DM1) is the most common form of muscular

dystrophy diagnosed in adults, with a prevalence ranging from 1 per 100,000 in Japan to 3-

15 per 100,000 in Europe. The worldwide incidence is estimated to be approximately 1

per 8,000. DM1 patients often present with myotonia, disabling distal weakness and severe

cognitive problems.

DM1 is an autosomal dominant disorder resulting from the expansion of a

noncoding (CTG)n repeat expansion located in the 3' untranslated region of DMPK

(dystrophia myotonica protein kinase) gene (1). Expansion of the CTG tract is a key defect

in DM1, as context independent expression of CTGexp in the HSA R mice, which encode

an expanded CTG tract in the 3'UTR of the human skeletal actin gene, develop DM1

skeletal muscle pathology (9). In other experiments, transgenic mouse models, which are

designed to express CTGexp in an inducible manner, show DM pathology only when

transcription is induced (10). More recently, AON mediated degradation of the CUGexp

RNA in DM1 mouse models has been shown to reverse DM1 pathology (7). Thus these

experiments, taken together, demonstrate that CUGexp RNA is a central target for D 1

therapy.



Expression of CUGexp RNA causes aberrant sequestration of the RNA splice

regulator, muscleblind 1 (MBNL1) in nuclear CUG-RNA-protein aggregates or foci in

DM1 cells (2,3,4). Therefore, a major consequence of the expression of toxic CUGexp

RNA is the abnormal splicing of a set of physiologically important RNAs, such as the

chloride channel and the R receptor that have been implicated in the development of

myotonia and insulin resistance in DM1 patients (5,6). Importantly, functional inactivation

of Mb l in mice recapitulates key features of DM1 pathology ( ) and transcriptome

analysis demonstrates that >80% of the splice defects observed in the HSALR mice are

identical to those observed in Mbrill knockout mice (12). In addition to splice defects,

expression of CUGexp RNA results in the increased steady-state levels of CUG-BP1,

activation of PKC alpha (13), mis-localization of the transcription factor, SHARP, from the

nucleus to the cytoplasm (14) and ectopic expression of NKX2.5 in DM1 myoblasts (15).

Therefore in addition to splice defects these molecular defects serve as biomarkers for

DM1.

Warf and colleagues have demonstrated that pentamidine, which was identified

using a candidate molecule approach from a pool of 26 compounds, facilitates a partial

rescue of DM1 pathology (16). In other studies use of AON that hybridize to CUGexp

RNA have been shown to displace MBNL1, disperse the CUG foci and significantly

reverse the splice defects in the HSA R DM1 mouse model (17). However, therapeutic use

of AON especially in the CNS faces significant technical hurdles.

There is currently no cure for or treatment specific to myotonic dystrophy, and the

clinical focus is on managing the complications of the disease, particularly those relating to

the cardiopulmonary system as these account for 70% of deaths due to DM1 . As such,

there is a continuing need for compositions and methods which can treat myotonic

dystrophy type .

SUMMARY OF THE INVENTION

One object of the present invention is to provide compounds useful for the

treatment of Myotonic Dystrophy 1.

Another object of the present invention is to provide pharmaceutical compositions

useful the treatment of Myotonic Dystrophy 1.



Another object of the present invention is to provide methods of treating a patient

having Myotonic Distrophy 1.

One embodiment of the present invention is directed to a compound

having the formula:

Formula I

wherein

X is selected from the group consisting of O, N, C, or S,

Y is a homo- or heteroatomic 5-membered ring comprising one or more

atoms selected from the group consisting of N, 0 , S, and C, including but not

limited to thiazoles, oxadiazoles, triazoles,

Z is an optionally substituted aryl group or optionally substituted

heteroaryl, including but not limited to halogenated benzenes, pyridines,

substituted benzene, substituted pyridine,

~ hydroxy, acyl, alkoxyl, esters, ethers, cyclic ethers, and lactones.

R 3 = H, alkyl, an optionally substituted alkyl, aliphatic ether, ester,

cyclic unsaturated and aromatic ring groups, and

Ri, R and R are independently selected from the group consisting of

hydrogen, halogen, alkyl, and alkoxyl,

or a pharmaceutically or cosmetically acceptable salt, solvate, or hydrate

thereof.



Another embodiment of the present invention is directed to a compound

having a formula:

Formula III

where indicates a variable substitution of the 6-membered ring and

includes mono-, di-, tri-, tetra- and penta- substituted embodiments wherein R

is independently selected from the group consisting of halogen, alkyl, alkoxyl,

substituted benzene; and

X - O or N, or

a pharmaceutically or cosmetically acceptable salt, solvate, or hydrate

thereof.

Another embodiment of the present invention is directed to a pharmaceutical

composition comprising the compound according to the present invention dispersed or

dissolved in a pharmaceutically acceptable carrier.

Another embodiment of the present invention is directed to a method of treating

myotonic dystrophy type 1 comprising administering to a subject in need thereof an

effective amount of the pharmaceutical composition comprising a carrier and the

compounds according to the present invention.

Another embodiment of the present invention is directed to a method of

preventing the progression of DM1 symptoms comprising administering to a

subject in need thereof a therapeutically effective amounts of a pharmaceutical

composition comprising a carrier and the compound according to present

invention.



Another embodiment of the present invention is directed to a method of

preventing the onset of DMl symptoms comprising administering to a subject

in need thereof a therapeutically effective amounts of a pharmaceutical

composition comprising a carrier and the compounds of the present invention.

BRIEF DESCRIPTION OF THE FIGURES

Figure 1 shows A. Representative images of RNA foci in control and RCN-001 -

treated DMl myoblasts. Panels 1 and 4 show DAPI staining of DMl myoblast nuclei;

Panels 2 and 5 show FISH analysis of CUG-containing RNA foci in control DMl

myoblasts treated with vehicle (DMSO) (panels 1-3) or ΙΟµΜ RCN-001 for 4 days (panels

4-6) using (CAG) 0Cy3 labeled probe. Panels 3 and 6 show an overlay of images. Bars=

20µΜ B. DMl myoblasts were treated with ΙΟµΜ RCN-001 for 4 days, and CUG RNA

foci were visualized and counted. DMl myoblasts showing 1, 2 and >3 CUG foci are

shown as percentage of total cells.

Figure 2 shows that treatment with RCN-001 rescues abnormal RNA splicing in

DMl myoblasts. A. Total RNA was isolated from normal (SKMC) myoblasts, untreated

DMl myoblasts and DMl myoblasts treated with 50µΜ RCN-001 or 50µΜ Pentamidine

for 7 hours and subjected to RT-PCR analysis using the indicated primers sets for MBNLl

and MBNL2 RNAs. GAPDH ~R A was amplified in parallel as an internal control. The

results of one of three experiments are shown. B. The relative levels of exon inclusion was

measured by densitometry and tabulated as mean % exon inclusion +/- standard deviation.

Figure 3 shows that treatment with RCN-001 reduces CUG foci load in HSA R mice.

Red: CUG foci, detected with a (CAG)i0Cy3 probe Blue: DAPI stain of nuclei.

Figure 4 shows that treatment with RCN-001 rescues abnormal RNA splicing in

HSA R mice. A. Total RNA was isolated from age and gender matched wild-type mice,

HSA R mice and HSA R mice treated with either saline or 40mgs/kg of RCN-001 injected

i.p. once a day for 7 days. Subsequent to treatment RNA was isolated from skeletal

muscles and subjected to RT-PCR analysis using the indicated primers sets for Clcnl,

Lbd3 and Serca-1 RNAs. GAPDH A was amplified in parallel as an internal control.

The results of two experiments are shown. B. Bar graph representation of rescue achieved

is shown. C. The relative levels of exon inclusion was measured by densitometry and

tabulated as mean % exon inclusion +/- standard deviation.



Figure 5 shows A : HSA mice were treated with either vehicle (saline) or 40mgs/kg of

RCN-001 injected IP once a day for 4 days and examined for myotonic runs > 1 second in

the gastrocnemius muscle. For all animals the recording electrode was inserted into the

test muscle 20 times. The number of myotonic runs > 1second in the gastrocnemius muscle

of individual HSA R mice treated with either the saline control or RCN-001 are shown. :

Sections of the gastrocnemius muscle stained with anti-Clcnl antibodies, demonstrates that

the decrease in Clcnl levels observed in the HSA R mice (5) are rescued by RCN-001

treatment.

Figure 6 shows A : RCN-0 treatment does not alter splicing of R As that are normally

spliced in DM1 myoblasts . RCN-001 treatment rescues aberrant splicing of MBNLl,

MBNL2, and IR in DM myoblasts, but does not alter the splicing of these RNAs in normal

myoblasts. C: RCN-001 treatment does not significantly alter steady-state levels of

endogenous CUG repeat containing transcripts in normal and DM1 myoblasts. Semi¬

quantitative RT-PCR was done as previously described (7,17, 23). Abbreviations: U :

Untreated; V: vehicle treated; 16: treated with RCN-001 ,

DETAILED DESCRIPTION OF THE INVENTION

Definitions

Unless otherwise indicated herein, all terms used herein have the meanings that the

terms would have to those skilled in the art of the present invention. Practitioners are

particularly directed to current textbooks for definitions and terms of the art. It is to be

understood, however, that this invention is not limited to the particular methodology,

protocols, and reagents described, as these may vary.

The term "alkyl" herein used means - C o straight or branched chain alkyl, for

example, methyl, ethyl, n-propyl, i-propyi, n-butyl, i-butyl, sec-butyl, tert-butyl, n-pentyl,

i-pentyl, neo-pentyl, tert-pentyl, and the like.

The term "alkoxy" or "a koxy " herein used means alkoxy of which alkyl part is the

above mentioned alkyl. Examples of the alkoxy are methoxy, ethoxy, propoxy, butoxy,

pentyloxy, and the like.



The term "acyl" refers to an alkylcarbonyl, cycloalkylcarbonyl, arylcarbonyl,

heterocyclylcarbonyl, or heteroarylcarbonyl substituent, any of which can be further

substituted, e.g., by one or more substituents.

The term "halogen" herein used means fluoro, chloro, bromo, and iodo.

The term "ester" includes compounds and moieties which contain a carbon or a

heteroatom bound to an oxygen atom which is bonded to the carbon of a carbonyl group.

The term "ester" includes alkoxycarboxy groups such as methoxycarbonyl, ethoxycarbonyl,

propoxycarbonyl, butoxycarbonyl, pentoxycarbonyl, etc.

The term "ether" includes compounds or moieties which contain an oxygen bonded

to two different carbon atoms or heteroatoms.

The term "aliphatic" or "aliphatic group", as used herein, means a straight-chain

(i.e., unbranched) or branched, substituted or unsubstituted hydrocarbon chain that is

completely saturated or that contains one or more units of unsaturation.

The term " cyclic unsaturated group " means 3 to 8 membered cyclic or

heterocyclic ring which, when heterocyclic, contains one or more hetero atoms selected

from the group consisting of nitrogen, oxygen and sulfur atoms in the ring, and may bind

at any possible position and which has at least one site of unsaturation.

The term "aryl" herein used means monocyclic or condensed ring aromatic

hydrocarbons. Examples of the aryl are phenyl, naphthyl, and the like. The aryl may be

optionally substituted.

The term "heteroaryl" herein used means a 5 to 6 membered aromatic heterocyclic

group which contains one or more hetero atoms selected from the group consisting of

nitrogen, oxygen and sulfur atoms in the ring and may be fused with a carbocyclic ring or

other heterocyclic ring at any possible position. The heteroaryl may be optionally

substituted.

Substituents for "optionally substituted alkyl" are hydroxy, alkoxy (e.g., methoxy

and ethoxy), mercapto, alkylthio (e.g., methylthio), cycloalkyl (e.g., cyclopropyl,

cyclobutyl, cyclopentyl, and cyclohexyl), halogen (e.g., fluoro, chloro, bromo, and iodo),

carboxy, alkoxycarbonyl (e.g., methoxycarbonyl and ethoxycarbonyl), nitro, cyano,

haloalkyl (e.g., trifluoromethyl), substituted or unsubstituted amino (e.g., methylamino,



dimethylamino, and carbamoylamino), guanidino, phenyl, benzyloxy, and the like. These

substituents are able to bind them at one or more of any possible positions.

Substituents for the "optionally substituted aryl" and "optionally substituted

heteroaryl" are, for example, hydroxy, alkoxy (e.g., methoxy and ethoxy), mercapto,

alkylthio (e.g., methylthio), cycloalkyl (e.g., cyclopropyl, cyclobutyl, cyclopentyl),

halogen (e.g., fluoro, chloro, bromo, and iodo), carboxy, alkoxycarbonyl (e.g.,

methoxycarbonyl and ethoxycarbonyl), nitro, cyano, haloalkyl (e.g., trifluoromethyl),

aryloxy (e.g., phenyloxy) substituted or unsubstituted amino (e.g., methylamino,

dimethylamino, diethylamino, and benzylidenamino), guanidino, alkyl (e.g., methyl, ethyl,

n-propyl, i-propyl, n-butyl, i-butyl, sec-butyl, tert-butyl, n-pentyl, i-pentyl, neo-pentyl, and

tert-pentyl), alkenyl (e.g., vinyl and propenyl), alkynyl (e.g., ethynyl and phenylethynyl),

alkanoyl (e.g., formyl, acetyl, and propionyl), acyloxy (e.g., acetyloxy), acylamino,

alkylsulfonyl (e.g., methylsulfonyl), phenyl, benzyl, an azo group (e.g., phenylazo),

optionally substituted heteroaryl (e.g., 3-pyridyl), optionally substituted ureido (e.g., ureido

and phenylureido), and the like. These substituents are able to bind to it at one or more of

any possible position.

As used herein, the term "hydrate" means a compound which further includes a

stoichiometric or non-stoichiometric amount of water bound by non-covalent

intermolecular forces.

As used herein, the term "solvate" means a compound which further includes a

stoichiometric or non-stoichiometric amount of solvent such as water, acetone, ethanol,

methanol, dichloromethane, 2-propanol, or the like, bound by non-covalent intermolecular

forces.

The compounds herein may be referred to either by a chemical formula, a chemical

name or by an assigned reference number of the form RCN-XXX. If there is any

incidental conflict between formula, chemical name or reference name, the formula shall

control.

The compounds according to the present invention rescue D 1 pathology.

One embodiment of the present invention is directed to a compound having the

formula:



Formula I

wherein

X is selected from the group consisting of O, N, C, or S,

Y is a homo- or heteroatomic 5-membered ring comprising one or more

atoms selected from the group consisting of N, O, S, and C,

Z is an optionally substituted aryl group or optionally substituted

heteroaryl, including but not limited to halogenated benzenes, pyridines,

substituted benzene, substituted pyridine,

2 = hydroxy, acyl, alkoxyl, esters, ethers, cyclic ethers, and lactones,

3 = , alkyl, an optionally substituted alkyl, aliphatic ether, ester,

cyclic unsaturated and aromatic ring groups, and

Ri, R and R 5 are independently selected from the group consisting of

hydrogen, halogen, alkyl, and alkoxyl,

or a pharmaceutically or cosmetically acceptable salt, solvate, or hydrate

thereof.

In a preferred embodiment, Ri and R are hydrogen.

In another preferred embodiment, Y is selected from the group

consisting of thiazoles, oxadiazoles and triazoles.

In another preferred embodiment, Ri and are hydrogen, and Y is

selected from the group consisting of thiazoles, oxadiazoles and triazoles.



It should be noted that when X is selected to be N or C, the substituted

group may be NR' or CR 2 where R' is selected from the group consisting of

hydrogen, alkyl and optionally substituted akyl.

In a preferred embodiment, the compounds according the present

invention have the formula:

Formula II

Wherein X is 0 , N, C, or S,

R is hydrogen,

R is hydrogen,

Y comprises a five membered heterocyclic ring selected from the

consisting of

Z is a pyridyl of phenyl group, preferably selected from the group consisting of



2 = hydroxy, acyl, alkoxyl, esters, ethers, cyclic ethers, and lactones,

R 3 = , alkyl, an optionally substituted alkyl, aliphatic ether, ester,

cyclic unsaturated and aromatic ring groups, and

R 5 are independently selected from the group consisting of hydrogen,

halogen, alkyl, and alkoxyl, or a pharmaceutically or cosmetically acceptable

salt, solvate, or hydrate thereof.

In a preferred embodiment, the compound according to the present

invention is selected from of the following, or a pharmaceutically or

cosmetically acceptable salt, solvate, or hydrate thereof:

6-hexyl-7-hydroxy-3-(5-(3-methoxyphenyl)-l >3,4-oxadiazol-2-yl)-4-methyl-2H-

chromen-2-one, referred to herein as "RCN-001,"



6-hexyl-7-hydroxy-3-(5-(p-tolyl)-l,3 4-oxadiazol-2-yl)-2H-chrome

referred to herein as "RCN-002,"

-(5-(3-fluorophenyl)-l,3,4-oxadiazol-2-yl)-6-hexyl-7-hydroxy-2H-chromen-2-

one, referred to herein as "RCN-004,"



3-(5-(3-chlorophenyl)-l 3,4-oxadiazol-2-yl)-6-hexyl-7-hydroxy-2H-chromen-2-

one , referred to herein as "RCN-006,"

-(5-(4-chlorophenyl)-l,3,4-oxadiazol-2-yl)-7-(diethylamino)-2H-chromen-2-

referred to herein as "RCN-007,"

3-(5-(3-bromoprienyl)-l,3,4-oxadiazol-2-yl)-2H-ehromen-2-one referred to

herein as "RCN-008,"

7-(diethylamino)-3-(5-(3-hydroxynaphthalen-2-yl)-l,3 4-oxadiazol-2-yl)-2H-

chromen-2-one, referred to herein as "RCN-009,"



6-hexyl-7-hydroxy-3-(imidazo[l,2-a]pyridme-2-yl)-2H-chromen-2-one referred

to herein as "RCN-011 "

3 3'-([2,2 -bithiazole]-4 4'-diyl)bis(6-hexyl-7-hydroxy-2H-chrome:

referred to herein as RCN-012," and

6-hexyl-7-hydroxy-3-(7-methylimidazo[l,2-a]pyridine-2-yl)-2H-chromen-2-one,

Referred to herein as "RCN-013,"

or a pharmaceutically or cosmetically acceptable salt, solvate, or hydrate

thereof

Another embodiment of the present invention is directed to a compound

having a formula:



Formula ΙΠ

where R indicates a variable substitution of the 6-membered ring and

includes mono-, di-, tri-, tetra- and penta- substituted embodiments wherein R

is independently selected from the group consisting of halogen, alkyl, alkoxyl,

substituted benzene; and

X = 0 or N, or

a pharmaceutically or cosmetically acceptable salt, solvate, or hydrate

thereof.

It should be noted that when X is selected to be N, the substituted group

may be NR' where R' is selected from the group consisting of hydrogen, alkyl

and optionally substituted akyl.

In a preferred embodiment, a compound according to the present

invention is selected from the roup consisting of:



N-(4-bromophenyl)-6-hexyl-7-hydroxy-2-oxo-2H-chromene-3-carboxamide,

referred to herein as "RCN-015,"

N-(2 3-dichlorophenyl)-6-hexyl-7-hydroxy-2-imino-2H-chromene-3-carboxamide,

hereinafter referred to as "RCN-016,"

N-(3 , -dichlorophenyl)-6-hexy1- 7-hydroxy-2-oxo-2H-chromene -3-carboxamide ,

referred to herein as "RCN-017," a d

N-(3-bromophenyl)-6-hexyl-7-hydroxy-2-oxo-2H-chromene-3-carboxamide,

referred to herein as "RCN-018",

or a pharmaceutically or cosmetically acceptable salt, solvate, or hydrate

thereof. The 2-oxo-2H-chromene-3-carboxamide compositions of Formula II

may be made according to methods known to those of ordinary skill.

In another embodiment of the present invention, a compound according

to the present invention is selected from the group consisting of:



4-((4-(benzy lsulfony l)piper azin- 1

one, referred to herein as " C -020,

(Z)-6-hexyl-7-hydroxy-2-((2-methoxyphenyl)imino)-2H-chrome

carboxamide, referred to herein as "RCN-019", and

6-hexyl-7-hydroxy-3-(4-methylthiazol-2-yl)-2H-chromen-2-one, referred to

herein as "RCN-010", or

a pharmaceutically or cosmetically acceptable salt, solvate, or hydrate thereof.

In cases where compounds are sufficiently basic or acidic to form stable nontoxic

acid or base salts, administration of the compounds as salts may be appropriate. Examples

of pharmaceutically acceptable salts are organic acid addition salts formed with acids

which form a physiological acceptable anion, for example, tosylate, methanesulfonate,

acetate, citrate, malonate, tartarate, succinate, benzoate, ascorbate, a-ketoglutarate, and a-



glycerophosphate. Suitable inorganic salts may also be formed, including hydrochloride,

sulfate, nitrate, bicarbonate, and carbonate salts.

Pharmaceutically acceptable salts may be obtained using standard procedures well

known in the art, for example by reacting a sufficiently basic compound such as an amine

with a suitable acid affording a physiologically acceptable anion. Alkali metal (e.g.,

sodium, potassium or lithium) or alkaline earth metal (e.g., calcium) salts of carboxylic

acids can also be made.

The compounds of the invention can contain one or more chiral centers and/or

double bonds and, therefore, exist as stereoisomers, such as double-bond isomers (i.e.,

geometric isomers), enantiomers, or diastereomers. According to the invention, the

chemical structures depicted herein, and therefore the compounds of the invention,

encompass all of the corresponding compounds' enantiomers and stereoisomers, that is,

both the stereomerically pure form (e.g., geometrically pure, enantiomerically pure, or

diastereomerically pure) and enantiomeric and stereoisomers mixtures.

Enantiomeric and diastereomeric mixtures can be resolved into their component

enantiomers or stereoisomers by well known methods, such as chiral-phase gas

chromatography, chiral-phase high performance liquid chromatography, crystallizing the

compound as a chiral salt complex, or crystallizing the compound in a chiral solvent.

Enantiomers and diastereomers can also be obtained from diastereomerically- or

enantiomerically-pure intermediates, reagents, and catalysts by well known asymmetric

synthetic methods.

The compounds of the present invention were obtained from an initial cluster of

10,000 diverse drug like compounds selected for in-house high throughput screening. The

initial drug like compounds were selected from an in-house small-molecule database

consisting of approximately 10 million compounds based on an innovative machine

learning technique drug-like model using FDA approved small molecules as well as those

in clinical trial as "drugs" and carcinogens and toxics as "nondrugs". A validated model

was used to screen ~ 10 million compounds for drug-like molecules, yielding 0,000

diverse compounds across a variety of structural characteristics.

D 1 inhibitors were identified using an in-house primary DM1 High Throughput

Screen coupled to a Secondary Hit validation assay. These assays are the first to identify



small molecules that rescue pathology in both patient cells and in DM1 mouse models. The

assays have the ability to identify hits that use a variety of different mechanisms to

modulate the biology of CUGexp RNAs. No false positives have been obtained thus far.

An initial screen of 2500 compounds out of the 10,000 diverse drug like

compounds from the small-molecule chemical library resulted in the identification of

DM1 inhibitor RCN -001. DM1 myoblasts were then treated with ΙΟµΜ of either RCN-

001 or the vehicle (DMSO) for 4 days and then examined by FISH using a Cy3 (CAG ) J O

probe. This analysis revealed that treatment of cells with either 2 or 10 µΜ RCN-

0 results in a dramatic change in the number of CUG-RNA aggregates or foci per cell.

Specifically, treatment with 0 µΜ RCN -001 for 4 days resulted in ~5-fold decrease in

cells containing 3 or more foci and ~ 0-fold increase in cells containing no foci (Figure 1) .

Consistent with these results, treatment with 2 µΜ RCN -001 for 4 days resulted in a 2-fold

decrease in cells containing 3 or more foci and a 5-fold increase in cells containing no foci

(not shown) . In addition, this treatment significantly reversed SHARP mislocalization and

re-established nuclear SHARP levels in DM1 myoblast (not shown).

Treatment of DM1 myoblasts with RCN-001 is also sufficient to rescue abnormal

RNA splicing. Two RNAs were selected that show abnormal splicing in D 1 myoblasts:

MBNLl and MBNL2. DM1 myoblast were treated with 50µΜ RCN-001 for 7 hours after

which RNA was isolated and splice variants were analyzed as previously described (20-22).

This analysis demonstrates that RCN-001 significantly rescues abnormal splicing of

MBNLl and MBNL2 (21) (Figure 2). As a control, we treated DM1 cells for 17 hours with

50µΜ pentamidine, a molecule that others have recently shown to partially rescue DM

splicing defects (16), and observed that this molecule did not perform as well RCN-001

with respect to the rescue of these splice defects (Figure 2 .

Furthermore, CUG foci, abnormal RNA splicing, myotonia and reduced Clcnl

protein levels are reversed in HSALR mice treated with RCN-001: Age and gender matched

HSA R mice were treated with either vehicle or 40/mgs/kg of RCN-001 injected i.p. each

day for 7 days. After treatment CUG foci were examined and RNA isolated from skeletal

muscle was subjected to RT-PCR analysis to examine the efficacy of RCN-001 in

correcting the splice defects of Clcnl, lbd3 and Serca-1 RNAs, which are abnormally

spliced in DM1 (20). Notably, RCN-001 reduced both the load of the CUG foci and



achieved rescue of splice defects that was comparable to results obtained with AON by

Thornton and colleagues (Figure 3 & 4) (17). This treatment also allowed nuclear SHARP

levels to be re-established in SA R mice (not shown).

Importantly, RCN-001 reduces the number of myotonic runs of > 1second (p<0.05)

(Figure 5 total time of myotonic runs > ec (4.04s + 2.9 vehicle; 0.99s ± 1.4 RCN-001;

p< 0.05) and length of the longest run (1.96s ± 0.97 vehicle; 0,7¾ + 0.71 RCN-001;

p<0.05) in the gastrocnemius muscle of HSA R mice. Similar results were obtained for the

paraspinal muscles. Consistent with these results, RCN-001 treatment was found to re¬

establish normal chloride channel levels in the HSA R mice (Figure 5) . These results were

obtained with a 14 days treatment regiment. Methods are detailed in the legend of Figure 5.

RCN-001 treatment of either normal or D myoblasts and wild-type or HSA R

mice does not alter splice patterns, in sample sets of RNAs that are normally spliced in

DM1 (Figure 6A . RCN-001 treatment does not alter splice patterns of a sample set of

RNAs that are abnormally spliced in D , in normal myoblasts or in wild-type mice

(Figure 6B) . RCN-001 treatment does not show significant off target effects on the steady-

state levels of endogenous (CUG) -2s repeat encoding RNAs in wild-type and HSA R mice

or in normal and DM1 myoblasts (Figure 6C) . Results for wild-type and HSA mice are

not shown.

3 pharmacophore and 2D fingerprinting methods were used to explore RCN-001

analogs. A pharmacophore was generated based on RCN-001 using Catalyst 4.0. The

lowest energy conformer of RCN-001 generated by Catalyst was used with the assumption

of the bioactive conformer having the lowest energy. The pharmacophore was used to

screen an in-house database of 1 million compounds. 2D fingerprinting similarity was

carried out in parallel and these two analyses yielded ~ 200 compounds.

Representative data is shown in Tables 1-4.



Table 1. Activities of substituted chromen-2-one class of compounds
, of Foci

Analogues Toxicity
(percentage)

Name Structure 0-1 >2 Viable Toxic

RCN-003

RCN-007 33 f



Controls:

Untreated DM1 myoblasts 7 93 +++++
Untreated SKMC normal myoblasts 100 0 +++++

D myoblasts were treated with 10 µΜ of drugs for 4 days and FISH was performed to
analyze the change in nuclear foci formation. N/A means no surviving cells were available
for counting.
Foci 0-1 : Percentage of cells with no or 1 nuclear foci.
Foci >2: Percentage of cells with 2 or greater nuclear foci.
Toxicity:
Viable: The viability of DM1 myoblasts after 4 days of 10 µΜ treatment with each drug
was estimated by counting the number of surviving cells after treatment with the vehicle
control and the drug. Viability scale: - : less than 10% cell survival; +: 10-20% cell survival;
++: 30-40% cell survival; +++: 50-60% cell survival; ++++: 70-80% cell survival; +++++:
90-100% cell survival.
Toxicity: Comparisons were made by assessing the shape and size of the nuclei.
Toxicity scale: -: Nontoxic; +: 10% alterations in nuclei shape and size; ++: 20-30%
alterations in nuclei shape and size; +++: 40-50% alterations in nuclei shape and size;
++++: 60% alterations in nuclei shape and size; +++++: very sick, almost no surviving
cells. Quantitative measurement of the toxicity of the drugs is pending.



Table 2. Activities of substituted chromen-2-one class of compounds.
. , # of Foci

Analogues Toxicity
(percentage)

_

Controls:

Untreated DM 1 myoblasts 7 93 +++++
Untreated SKMC normal myoblasts 100 0 +++++

DM1 myoblasts were treated with 10 µΜ of drugs for 4 days and FISH was performed to
analyze the change in nuclear foci formation. N/A means no surviving cells were available
for counting.
Foci 0-1: Percentage of cells with no or 1 nuclear foci.
Foci >2: Percentage of cells with 2 or greater nuclear foci.
Toxicity:
Viable: The viability of DM1 myoblasts after 4 days of 10 µΜ treatment with each drug
was estimated by counting the number of surviving cells after treatment with the vehicle
control and the drug. Viability scale: less than 10% cell survival; +: 10-20% cell survival;



++: 30-40% cell survival; +++: 50-60% cell survival; ++++: 70-80%> cell survival; +++++:
90-100% cell survival.
Toxicity: Comparisons were made by assessing the shape and size of the nuclei.
Toxicity scale: - Nontoxic; +: 1 % alterations in nuclei shape and size; ++: 20-30%
alterations in nuclei shape and size; +++: 40-50% alterations in nuclei shape and size;
++++: 60% alterations in nuclei shape and size; +++++; very sick, almost no surviving
cells. Quantitative measurement of the toxicity of the drugs is pending.



Activities of substituted chromen 2 o e class of compounds.
, # of Foci

Analogues Toxicity
(percentage)

Name Structure 0-1 >2 Viable Toxic

Controls:

Untreated DM1 myoblasts +++++
Untreated SKMC normal myoblasts

DM1 myoblasts were treated with 0 µΜ of drugs for 4 days and FISH was performed to
analyze the change in nuclear foci formation. N/A means no surviving cells were available
for counting.
Foci 0-1: Percentage of cells with no or 1 nuclear foci.
Foci >2: Percentage of cells with 2 or greater nuclear foci.
Toxicity:
Viable: The viability of DM1 myoblasts after 4 days of 10 µΜ treatment with each drug
was estimated by counting the number of surviving cells after treatment with the vehicle
control and the drug. Viability scale: - : less than 10% cell survival; +: 10-20% cell survival;
++; 30-40% cell survival; +++: 50-60% cell survival; ++++: 70-80% cell survival; +++++:
90-100% cell survival.
Toxicity: Comparisons were made by assessing the shape and size of the nuclei.
Toxicity scale: - : Nontoxic; +: 10% alterations in nuclei shape and size; ++: 20-30%
alterations in nuclei shape and size; +++: 40-50% alterations in nuclei shape and size;
++++: 60% alterations in nuclei shape and size; +++++: very sick, almost no surviving
cells. Quantitative measurement of the toxicity of the drags is pending.



Activities of substituted chromen-2-one class of compounds.
# of Foci

Analogues Toxicity
(percentage)

Name Library/Structure 0-1 >2 Viable Toxic

Controls:

UNTRD DM 1 myoblasts 7 93 +++++
UNTRD SKMC normal myoblasts 100 0 +++++

D myoblasts were treated with 10 µΜ of drugs for 4 days and FISH was performed to
analyze the change in nuclear foci formation. N/A means no surviving cells were available
for counting.
Foci 0-1 : Percentage of cells with no or ί nuclear foci.
Foci >2: Percentage of cells with 2 or greater nuclear foci.
Toxicity:
Viable: The viability of DM1 myoblasts after 4 days of 10 µΜ treatment with each drug
was estimated by counting the number of surviving cells after treatment with the vehicle



control and the drug. Viability scale: - : less than 10% cell survival; + : 10-20% cell survival;
++: 30-40% cell survival; +++: 50-60% cell survival; ++++: 70-80% cell survival; +++++:
90-100% cell survival.
Toxicity; Comparisons were made by assessing the shape and size of the nuclei.
Toxicity scale: - : Nontoxic; +: 10% alterations in nuclei shape and size; ++: 20-3 %
alterations in nuclei shape and size; +++: 40-50% alterations in nuclei shape and size;
++++: 60% alterations in nuclei shape and size; +++++: very sick, almost no surviving
cells. Quantitative measurement of the toxicity of the drugs is pending.



RCN-001 can be synthesized according to the method of scheme 1. Other

compounds described herein can be synthesized by analogous methods and modified as

necessar as would be understood by those of ordinary skill

5-hexy_-2,4-dihydroxybenzaldehyde (2). POC13 (72 mL) was added to the freshly

distilled DMF (90 mL) at -5 °C. The reaction mixture was stirred for 1 hr followed by

addition of hexylresorcinoi (104 g). The reaction mixture was stirred at room temperature

for 2 hr. A 30% solution of sodium acetate (500 mL) and ice ( 00 mL) were added.

The solid product was filtered off and re-crystallized from ethanol to give compound 2 in

73% yield (87.5 g). .p. 112 °C.

e-hexyl-T-hydroxy^-imino H -chromene -S-carboxainide (4). A solution of

compound 2 (21 g), cyanoacetamide (8.4 g) and piperidine ( 1 mL) in isopropanol (300 mL)

was heated at reflux for 30 min. After cooling to room temperature, the formed solid was

filtered off to provide pure compound 4 in 51% yield (14 g).

( )-6- ex ~7-hydroxy-2-(2-(3-ra ethoxybenz y l)hydrazono)-2H -chromene-3-

carboxamide (6). A suspension of hydrazide 5 and 2-iminococumarine 4 (3 g) in acetic

acid (10 mL) was heated at 50 °C for 30 minutes. The reaction mixture was cooled to



room temperature followed by addition of water. The formed solid was filtered off to

provide pure product 6 in 70% yield (4.1 g).

6-hexyi-7-hydroxy-3-(5-(3-methoxyphenyl)-l,3,4-oxadiazoI-2-yl)-2J ¾r-chromen-

2-one (7). A suspension of compound 6 (4 g) in biphenyl ether (30 L) was heated at

2 0 °C for 30 minutes. The reaction mixture was cooled to room temperature and the

formed solid was filtered off. Crystallization of the crude mixture 7 + 8 (6~hexyl-7-

hydroxy-3-(5-(3-methoxyphenyl)-4 H -l ,2,4-triazol-3-yl)-2H -chromen-2-one) from acetic

acid (50 mL) + DMF ( mL) gave pure compound 7 (2.3 g) plus compound 8 as side

product (10%).

The compounds of the present invention can be formulated as pharmaceutical

compositions and administered to a subject in need of treatment, such as a human patient

in a variety of forms adapted to the chosen route of administration, i.e., orally or

parenterally, by intravenous, intramuscular, topical or subcutaneous routes.

Pharmaceutical compositions of the present invention generally comprise the

compounds of the present invention dissolved or dispersed in a suitable carrier. The

chosen carrier may be any pharmaceutically acceptable carriers, excipients, or stabilizers

which are nontoxic to the cell or mammal being exposed thereto at the dosages and

concentrations employed. The physiologically acceptable carrier may be a sterile aqueous

pH buffered solution. Examples of physiologically acceptable carriers include buffers such

as phosphate, citrate, and other organic acids; antioxidants including ascorbic acid; low

molecular weight (less than about 10 residues) polypeptide; proteins, such as serum

albumin, gelatin, or immunoglobulins; hydrophilic polymers such as polyvinylpyrrolidone;

amino acids such as glycine, glutamine, asparagine, arginine or lysine; monosaccharides,

disaccharides, and other carbohydrates including glucose, mannose, or dextrins; chelating

agents such as EDTA; sugar alcohols such as mannitol or sorbitol; salt-forming

counterions such as sodium; and/or nonionic surfactants.

Exemplary pharmaceutical compositions are described below. The pharmaceutical

compositions include those suitable for parenteral (including intravenous, subcutaneous,

intradermal, intramuscular, and intraarticular), topical (including dermal, transdermal,

transmucosal, buccal, sublingual, and intraocular), and rectal administration, although the



most suitable route may depend upon, for example, the condition and disorder of the

recipient.

The pharmaceutical compositions may be systemically administered,

e.g., orally, in combination with a pharmaceutically acceptable vehicle such as

an inert diluent or an assimilable edible carrier. They may be enclosed in hard

or soft shell gelatin capsules, may be compressed into tablets. For oral

therapeutic administration, the active compound may be combined with one or

more excipients and used in the form of ingestible tablets, buccal tablets,

troches, capsules, elixirs, suspensions, syrups, wafers, and the like. The

amount of active compound in such therapeutically useful compositions is such

that an effective dosage level will be obtained.

The tablets, troches, pills, capsules, and the like may also contain the

following: binders such as gum tragacanth, acacia, corn starch or gelatin;

excipients such as dicalcium phosphate; a disintegrating agent such as corn

starch, potato starch, alginic acid and the like; a lubricant such as magnesium

stearate; and a sweetening agent such as sucrose, fructose, lactose or

aspartame or a flavoring agent such as peppermint, oil of wintergreen, or

cherry flavoring may be added. When the unit dosage form is a capsule, it may

contain, in addition to materials of the above type, a liquid carrier, such as a

vegetable oil or a polyethylene glycol. Various other materials may be present

as coatings or to otherwise modify the physical form of the solid unit dosage

form. For instance, tablets, pills, or capsules may be coated with gelatin, wax,

shellac or sugar and the like. A syrup or elixir may contain the active

compound, sucrose or fructose as a sweetening agent, methyl and

propylparabens as preservatives, a dye and flavoring such as cherry or orange

flavor. Of course, any material used in preparing any unit dosage form should

be pharmaceutically acceptable and substantially non-toxic in the amounts

employed. In addition, the active compound may be incorporated into

sustained-release preparations and devices.



The active compound may also be administered intravenously or

intraperitoneally by infusion or injection. Solutions of the active compound or

its salts can be prepared in water, optionally mixed with a nontoxic surfactant.

Dispersions can also be prepared in glycerol, liquid polyethylene glycols,

triacetin, and mixtures thereof and in oils. Under ordinary conditions of

storage and use, these preparations contain a preservative to prevent the

growth of microorganisms.

The pharmaceutical dosage forms suitable for injection or infusion can

include sterile aqueous solutions or dispersions or sterile powders comprising

the active ingredient which are adapted for the extemporaneous preparation of

sterile injectable or infusible solutions or dispersions, optionally encapsulated

in liposomes. In all cases, the ultimate dosage form should be sterile, fluid and

stable under the conditions of manufacture and storage. The liquid carrier or

vehicle can be a solvent or liquid dispersion medium comprising, for example,

water, ethanol, a polyol (e.g., glycerol, propylene glycol, liquid polyethylene

glycols, and the like), vegetable oils, nontoxic glyceryl esters, and suitable

mixtures thereof. The proper fluidity can be maintained, for example, by the

formation of liposomes, by the maintenance of the required particle size in the

case of dispersions or by the use of surfactants. The prevention of the action of

microorganisms can be brought about by various antibacterial and antifungal

agents, for example, parabens, chlorobutanol, phenol, sorbic acid, thimerosal,

and the like. In many cases, it will be preferable to include isotonic agents, for

example, sugars, buffers or sodium chloride. Prolonged absorption of the

injectable compositions can be brought about by the use in the compositions of

agents delaying absorption, for example, aluminum monostearate and gelatin.

Sterile injectable solutions are prepared by incorporating the active

compound in the required amount in the appropriate solvent with various of

the other ingredients enumerated above, as required, followed by filter

sterilization. In the case of sterile powders for the preparation of sterile

injectable solutions, the preferred methods of preparation are vacuum drying



and the freeze-drying techniques, which yield a powder of the active ingredient

plus any additional desired ingredient present in the previously sterile -filtered

solutions.

Useful dosages of the compounds can be determined by comparing their

in vitro activity, and in vivo activity in animal models. Methods for the

extrapolation of effective dosages in mice, and other animals, to humans are

known to the art; for example, see U.S. Pat. No. 4,938,949.

The desired dose may conveniently be presented in a single dose or as

divided doses administered at appropriate intervals, for example, as two, three,

four or more sub-doses per day. The sub-dose itself may be further divided, e.g.,

into a number of discrete loosely spaced administrations; such as multiple

inhalations from an insufflator or by application of a plurality of drops into the

eye.

Another embodiment of the present invention is directed to methods of

treating DM1 and/or preventing the progression of, and/or delaying the onset

of DM1 symptoms. The severity of DM1 and symptoms associated with DM1

may be assessed using conventional testing, including conventional clinical

methods known in the medical arts. In other embodiments, the method may be a

method for reducing the expression of CUGexp RNA, and/or a method of reducing

the nuclear CUG-RNA-protein aggregates or foci in DM1 cells. In another

embodiment, the method may be a method of reducing the consequence of the

expression of toxic CUGexp RNA, i.e. the abnormal splicing, especially of a set

of physiologically important RNAs, such as the chloride channel and the IR

receptor that have been implicated in the development of myotonia and insulin

resistance in DM1 patients. The reduction may be relative to untreated

controls or in the subject to be treated before and after treatment with the

compounds and/or associated compositions.

Other embodiments of the present invention are directed to methods of treating

DM1 and/or preventing the progression of, or delaying the onset of DM1

symptoms. The methods comprise administering to a subject in need thereof a



therapeutically effective amounts of the compounds and/or associated compositions of the

present invention. A "therapeutically effective amount" of a composition is an amount

sufficient to carry out a specifically stated purpose. The effective amount may be

determined empirically and in a routine manner in relation to the stated purpose.

The term "subject" as used herein refers to any animal (e.g., a mammal), including,

humans, non-human primates, rodents, and the like, which is to be the recipient of a

particular treatment. Those in need of treatment include subjects possessing an

expansion of the CTG region of DPMK associated with DM1 but who are

asymptomatic, those having an expansion of the CTG region of DPMK

associated with DM1 but who are asymptomatic but are at risk for developing

symptoms of DM1, and those an expansion of the CTG region of DPMK

associated with DM1 and are symptomatic.

An assessment of the patient and an associated need for therapy should

be performed prior to the start of therapy, and preferably, after the initiation

of the treatment methods disclosed herein. Exemplary assessment schedules

are as follows: Assessments may be performed at least 14 days from the start

of treatment according to the invention, e.g., at least about 7 days or at least

about 10 days from the start of treatment. Assessments may be performed at

regularly scheduled times post the start of treatment, e.g., every week, every 2

weeks, every 3 weeks, every 4 weeks, every month, every other month, every 3

month, every 6 months, post the start of treatment. Assessments may be

performed at least 7 days after each dose where multiple doses are

administered, e.g., at least 7 days after each dose, or 14 days after each dose.

Assessments may be performed at regularly scheduled times post each dose

when multiple doses are administered, e.g., every week, every 2 weeks, every 3

weeks, every 4 weeks, every month, every other month, every 3 months, every

6 months, post each dose. Assessments may be performed at regularly

scheduled times post each dose when multiple doses are administered, e.g., at

the time of the next dose. The timing of assessment may be altered throughout

the course of chronic administration. The timing of assessment may be altered



i response to a change in presence or absence of DM1 symptoms or a change

in the severity of DM1 symptoms.

In practicing the methods of treatment described herein, the compounds

of the present invention may be periodically re-administered. Periodic re-

administration can include the administration of more than one dose of an

agent over a period of time. Periodic re-administration can include regular

administration for an extended period of time. Periodic re-administration can

include the administration of therapy over a prolonged period of time, in some

cases, for the duration of a subject's lifetime, so that the concentration of the

therapeutic agent is maintained at a therapeutically or prophylactically

effective level throughout the course of treatment.

The period of time over which periodic re-administration occurs can for

the period over which a subject is diagnosed has having an expansion of the

CTG region of DPMK associated with DM1 over the lifetime of the subject.

The period of time over which periodic re-administration occur can include, but

is not limited to, at least 3 months, at least 6 months, at least 1 year, at least 2

years, at least 3 years, at least 4 years, at least 5 years, at least 10 years, at

least 15 years, at least 20 years, at least 25 years, at least 30 years, at least 35

years, at least 40 years, at least 45 years, at least 50 years, at least 100 years

Periodic re-administration can include a series of doses which together

provide an effective amount for treating DM1 and/or preventing the

progression of, or delaying the symptoms associated with DM1. A

pharmaceutical composition comprising compounds of the present invention

may be administered on dosing schedules tailored to effectuate the treatment

of DM1 or the onset of symptoms. The dosing schedule can be dependent on

several factors including, the severity of DM1 symptoms the age, body weight,

general health, sex and diet of the patient; the time of administration, route of

administration, and rate of excretion of the specific composition employed; the

duration of the treatment; drugs used in combination or coincidental with the



compound and pharmaceutical composition employed; and like factors well

known in the medical arts.

Exemplary dosing schedules of the compounds and pharmaceutical

compositions may include, once daily, or once weekly, or once every other week,

or once monthly, or once every other month, or once every three months, or

once every 6 months, or once every 12 months, or once every 18 months, or

once every 24 months. The total daily, weekly, or monthly usage of compounds

and associated pharmaceutical compositions can be decided by an attending

physician within the scope of sound medical judgment.

Even upon improvement of a patient's condition, periodic re-

administration of the compounds of the present invention and associated

pharmaceutical compositions may be continued. The dosage or frequency of

administration, or both, may not be reduced, as a function of DM1 symptoms.

The dosage or frequency of administration, or both, may be reduced, as a

function of DM1 symptoms, to a level at which the improved condition is

retained. Subjects may require intermittent changes in dosage or frequency of

administration of treatment on a long-term basis upon any recurrence of DM1

symptoms.

MATERIALS AND METHODS

Cell culture. Normal myoblasts were purchased from Lonza, Inc. DM1 myoblasts

were a gift from Dr. Charles Thornton. Normal and D 1 myoblasts were maintained in

SkGM Medium (Lonza, Inc.) containing 10% Fetal Bovine Serum and 1% Penicillin-

Streptomycin, 5% C0 at 37 °C. Human Embryonic Kidney 293 Cells (293 HEK) were

maintained in Dulbecco's Modification of Eagle's Medium (DMEM) from Cellgro

supplemented with 10% Fetal Bovine Serum and 1 % Penicillin-Streptomycin, 5% C0 at

37 °C.

Fluorescence in-Situ Hybridization (FISH) and immunohistochemistry. CUG-

R A foci were detected by performing FISH on untreated DM1 myoblasts and DM1

myoblasts following treatment. For FISH analysis, DM1 myoblasts were plated on a 24-



well clear bottom polystyrene plate with circular glass coverslips followed by treatment.

Prior to FISH analysis, cells were fixed using 4% paraformaldehyde in IX PBS for 20 min

at room temperature. FISH analysis was performed using a Cy3 conjugated (CAG)io

oligonucleotide probe (Integrated DNA Technologies, Inc.) as described by Taneja et al,

995 and Dansithong et al, 2005. CUG-RNA foci were observed as a red signal using

fluorescence microscopy. Immunofluorescence was performed as described by Dansithong

et al, 2008. Endogenous SHARP was detected using SHARP polyclonal antibodies from

Bethyl at a dilution of 1:1000. The secondary antibodies conjugated with FITC (Invitrogen)

were used at a 1:2000 dilution. Chloride channel 1 (Clcnl a.k.a. ClC-1) was detected using

ClC-1 polyclonal antibodies from Santa Cruz. The secondary antibodies conjugated with

Alexa Flour 488 (Invitrogen) were used at a 1:2000 dilution. FISH analysis in mouse

muscle section was carried out as described in Mancodi et al, 2000 (9).

Splicing assays for RNAs isolated from human myoblasts. DM1 patient

myoblasts was treated with 50 µΜ of RCN-001 or Pentamidine for 17 h as described by

Warf et al, 2009. Total RNA was isolated using the RNAeasy mini kit (Qiagen Inc., USA)

following manufacture's protocol. cDNA was synthesized using 5 g of total RNA using

First-Strand cDNA synthesis kit (GE Healthcare). PCR amplification was carried out using

150 ng of cDNA for 35 cycles for each target RNA. The primers used for PCR

amplification are as follows-

MBNL1 (For: 5'-GCTGCCCAATACCAGGTCAAC-3'),

(Rev: 5'-TGGTGGGAGAAATGCTGTATGC-3 ');

MBNL2 (For: 5' -ACAAGTGAC AACACCGTAACCG-3 ' ),

(Rev: 5'-TTTGGTAAAGGATGAAGAGCACC 3').

GAPDH (For: 5'-TGAAGGTCGGAGTCAACGGATTTGG-3'),

(Rev: ' -GGAGGCCATGTGGGCC ATGAG-3 ' )

The relative band intensities were measured using densitometry analyses and the

percent of exon inclusion was calculated as [exon inclusion/(exon inclusion+exon

exclusion)] 100.

Treatment in HSA R mice. The SA R transgenic mice expressing (CTG) 5o n

the 3'UTR of the human skeletal actin mRNA as described in Mankodi et al, 2000 were

utilized for this study (a generous gift from Dr. Charles Thornton). Treatment in mice was



done by intraperitoneal injection using 40 mg/kg once a day for 7 or 14 days of RCN-001

or vehicle alone. Total R A was isolated from skeletal muscle of treated HSA R mice

using Trizole (Invitrogen, USA) following the manufacture's protocol. cDNA synthesis

and PCR was performed as described in Dansithong et al, 2008. PCR amplification was

carried out with the following primers-

Clc-1 (For: 5' GGAATACCT CACACTCAAGGCC-3')

(Rev: 5' -CACGGAACACAAAGGCACTGAATGT-3 );

Serca-1 (For: 5' -GCTCATGGTCCTC AAGATCTCAC-3 ' ),

(Rev : ' -GGGTCAGTGCCTC AGCTTTG-3 ') ;

Zasp (For: 5' -GCAAGACCCTGAAGAGGC-3 '),

(Rev: S'-GTGGGCTGT T CGTTCCGTTT-3 ' )

Gapdh (For: ' -AGAGACGGCCGCCGC ATCTTCTTGTG-3 ' ),

(Rev: 5'-TCTGGGTGGCAGTGATGGCATGG-3' )

The relative band intensities were quantified by densitometry analyses and the

percent of exon inclusion was calculated as [exon inclusion/(exon inclusion+exon

exclusion)] 100.

The examples described herein have been provided in order to demonstrate and

further illustrate certain embodiments and aspects of the present invention and are not to be

construed as limiting the scope thereof. While such examples are typical of those that

might be used, other procedures known to those skilled in the art may alternatively be

utilized, indeed, those of ordinary skill in the art can readily envision and produce further

embodiments, based on the teachings herein, without undue experimentation.
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WHAT IS CLAIMED IS:

1. A compound having the formula:

Formula I

wherein

X is selected from the group consisting of O, N C, or S,

Y is a homo- or heteroatomic 5-membered ring comprising one or more

atoms selected from the group consisting of N, , S, and C,

Z is an optionally substituted aryl group or optionally substituted

heteroaryl, including but not limited to halogenated benzenes, pyridines,

substituted benzene, substituted pyridine,

= hydroxy, acyl, alkoxyl, esters, ethers, cyclic ethers, and lactones,

R 3 = H, alkyl, an optionally substituted alkyl, aliphatic ether, ester,

cyclic unsaturated and aromatic ring groups, and

Ri, R and R 5 are independently selected from the group consisting of

hydrogen, halogen, alkyl, and alkoxyl,

or a pharmaceutically or cosmetically acceptable salt, solvate, or hydrate

thereof.

2. The compound according to claim 1, wherein the compound has the

formula:



Formula II

wherein X is 0 , N, C or S,

Ri is hydrogen;

R is hydrogen,

Y comprises a five membered heterocyclic ring selected from the group

consisting of

Z is a pyridyl of phenyl group selected from the group consisting of



R2 = hydroxy, acyl, alkoxyl, esters, ethers, cyclic ethers, and lactones,

R 3 = H, alkyl, an optionally substituted alkyl, aliphatic ether, ester,

cyclic unsaturated and aromatic ring groups, and

Rs are independently selected rom the group consisting of hydrogen,

halogen, alkyl, and alkoxyl, or

a pharmaceutically or cosmetically acceptable salt, solvate, or hydrate

thereof.

3. The compound according to claim 1, wherein the compound is

selected from the group consisting of:

RCN-003,



RCN-007,



r

RCN-008,

RCN-011,



RCN-013,

or a pharmaceutically or cosmetically acceptable salt, solvate, or hydrate

thereof.

4. A pharmaceutical composition comprising:

The compound according to claim 1 dispersed or dissolved in a

pharmaceutically acceptable carrier.

5. A method of treating myotonic dystrophy type 1 comprising administering

to a subject in need thereof an effective amount of the pharmaceutical composition

comprising a carrier and the compound according to claim 1.

6. A method of preventing the progression of DM1 symptoms comprising

administering t o a subject in need thereof a therapeutically effective amounts



a pharmaceutical composition comprising a carrier and the compound

according to claim 1.

7. A method of preventing the onset of DM1 symptoms comprising

administering to a subject in need thereof a therapeutically effective amounts

a pharmaceutical composition comprising a carrier and the compound

according to claim 1.

8. A pharmaceutical composition comprising:

The compound according to claim 2 dispersed or dissolved in a

pharmaceutically acceptable carrier.

9. A method of treating myotonic dystrophy type 1 comprising administering

to a subject in need thereof an effective amount of the pharmaceutical composition

comprising a carrier and the compound according to claim 2.

10. A method of preventing the progression of DM1 symptoms

comprising administering to a subject in need thereof a therapeutically

effective amounts a pharmaceutical composition comprising a carrier and the

compound according to claim 2.

11. A method of preventing the onset of DM1 symptoms comprising

administering to a subject in need thereof a therapeutically effective amounts

a pharmaceutical composition comprising a carrier and the compound

according to claim 1.

12. A compound having a formula:



Formula III

where R indicates a variable substitution of the 6-membered ring and

includes mono-, di-, tri- tetra- and penta- substituted embodiments wherein R

is independently selected from the group consisting of halogen, alkyl, alkoxyl,

substituted benzene; and

X = 0 or N, or

a pharmaceutically or cosmetically acceptable salt, solvate, or hydrate

thereof.

13. The compound of claim 10, wherein the compound is selected from

the group consisting of:

RCN-015,



RCN-018,

or a pharmaceutically or cosmetically acceptable salt, solvate, or hydrate

thereof.

14. A pharmaceutical composition comprising:

The compound according to claim 12 dispersed or dissolved in a

pharmaceutically acceptable carrier.

15. A method of treating myotonic dystrophy type 1 comprising administering

to a subject in need in need thereof an effective amount of the pharmaceutical composition

comprising a carrier and the compound according to claim 12.



16. A method of preventing the progression of DM1 symptoms

comprising administering to a subject in need thereof a therapeutically

effective amounts a pharmaceutical composition comprising a carrier and the

compound according to claim 12.

17. A method of preventing the onset of DM1 symptoms comprising

administering to a subject in need thereof a therapeutically effective amounts

a pharmaceutical composition comprising a carrier and the compound

according to claim 12.

18. A compound selected from the group consisting of:

CN-0 9, and



RCN-010, or

a pharmaceutically or cosmetically acceptable salt, solvate, or hydrate

thereof.

9. A pharmaceutical composition comprising:

The compound according to claim 2 dispersed or dissolved in a

pharmaceutically acceptable carrier.

20. A method of treating myotonic dystrophy type 1 comprising administering

to a subject in need thereof an effective amount of the pharmaceutical composition

comprising a carrier and the compound according to claim 2.

21. A method of preventing the progression of DM1 symptoms

comprising administering to a subject in need thereof a therapeutically

effective amounts a pharmaceutical composition comprising a carrier and the

compound according to claim 2.

22. A method of preventing the onset of DM1 symptoms comprising

administering to a subject in need thereof a therapeutically effective amounts

a pharmaceutical composition comprising a carrier and the compound

according to claim 1.
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