
(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date (10) International Publication Number
30 April 2009 (30.04.2009) PCT WO 2009/054725 A2

(51) International Patent Classification: Navona 42, NL-2134 BE Hoofddorp (NL). VAN OM-
A61K 31/56 (2006.01) C07J 1/00 (2006.01) MEN, Garrit-Jan, Boudewijn [NL/NL]; Westerstraat 73,
A61K 31/57 (2006.01) C07J 41/00 (2006.01) NL-1015 LW Amsterdam (NL).
A61K 38/17 (2006.01) A61P 21/00 (2006.01)

(74) Agent: HATZMANN, M., J.; Vereenigde, Johan de Witt-
(21) International Application Number: laan 7, NL-2517 JR Den Haag (NL).

PCT/NL2008/050673

(81) Designated States (unless otherwise indicated, for every
(22) International Filing Date: 27 October 2008 (27.10.2008) kind of national protection available): AE, AG, AL, AM,

AO, AT,AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ, CA,
(25) Filing Language: English CH, CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ, EC, EE,

EG, ES, FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID,(26) Publication Language: English
IL, IN, IS, JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK,

(30) Priority Data: LR, LS, LT, LU, LY, MA, MD, ME, MG, MK, MN, MW,

071 19351.0 26 October 2007 (26.10.2007) EP MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL, PT,

61/000,670 26 October 2007 (26.10.2007) US RO, RS, RU, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY,TJ,
TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,

(71) Applicants (for all designated States except US): ZW

ACADEMISCH ZIEKENHUIS LEIDEN [NL/NL];
Albinusdreef 2, NL-2333 ZA Leiden (NL). PROSENSA (84) Designated States (unless otherwise indicated, for every

TECHNOLOGIES B.V. [NL/NL]; Wassenaarseweg 72, kind of regional protection available): ARIPO (BW, GH,

NL-2333 AL Leiden (NL). GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),

(72) Inventors; and European (AT,BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
(75) Inventors/Applicants (for US only): DE KIMPE, FR, GB, GR, HR, HU, IE, IS, IT, LT,LU, LV,MC, MT, NL,

Josephus, Johannes [NL/NL]; Pieter Bernagiestraat 27, NO, PL, PT, RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG,
NL-3532 DA Utrecht (NL). PLATENBURG, Gerardus, CI, CM, GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).
Johannes [NL/NL]; Wijngaardenlan 56, NL-Voorschoten
2252 XR (NL). VAN DEUTEKOM, Judith Christina Published:
Theodora [NL/NL]; Abeelstraat 13, NL-3329 AA D or — without international search report and to be republished
drecht (NL). AARTSMA-RUS, Annemieke [NL/NL]; upon receipt of that report

(54) Title: MEANS AND METHODS FOR COUNTERACTING MUSCLE DISORDERS

(57) Abstract: The invention provides means and methods for alleviating one or more symptom(s) of Duchenne Muscular Dys-
trophy and/or Becker Muscular Dystrophy. Therapies using compounds for providing patients with functional muscle proteins are
combined with at least one adjunct compound for reducing inflammation, preferably for reducing muscle tissue inflammation, and/or
at least one adjunct compound for improving muscle fiber function, integrity and/or survival.



Title: Means and methods for counteracting muscle disorders

The invention relates to the fields of molecular biology and medicine.

A muscle disorder is a disease that usually has a significant impact on the life

of an individual. A muscle disorder can either have a genetic cause or a non-

genetic cause. An important group of muscle diseases with a genetic cause are

Becker Muscular Dystrophy (BMD) and Duchenne Muscular Dystrophy

(DMD). These disorders are caused by defects in a gene for a muscle protein.

Becker Muscular Dystrophy and Duchenne Muscular Dystrophy are

genetic muscular dystrophies with a relatively high incidence. In both

Duchenne and Becker muscular dystrophy the muscle protein dystrophin is

affected. In Duchenne dystrophin is absent, whereas in Becker some

dystrophin is present but its production is most often not sufficient and/or the

dystrophin present is abnormally formed. Both diseases are associated with

recessive X-linked inheritance. DMD results from a frameshift mutation in the

DMD gene. The frameshift in the DMD gene results in the production of a

truncated non-functional dystrophin protein, resulting in progressive muscle

wasting and weakness. BMD occurs as a mutation does not cause a frame- shift

in the DMD gene. As in BMD some dystrophin is present in contrast to DMD

where dystrophin is absent, BMD has less severe symptoms then DMD. The

onset of DMD is earlier than BMD. DMD usually manifests itself in early

childhood, BMD in the teens or in early adulthood. The progression of BMD is

slower and less predictable than DMD. Patients with BMD can survive into

mid to late adulthood. Patients with DMD rarely survive beyond their thirties.

Dystrophin plays an important structural role in the muscle fiber,

connecting the extracellular matrix and the cytoskeleton. The N-terminal

region binds actin, whereas the C-terminal end is part of the dystrophin

glycoprotein complex (DGC), which spans the sarcolemma. In the absence of

dystrophin, mechanical stress leads to sarcolemmal ruptures, causing an



uncontrolled influx of calcium into the muscle fiber interior, thereby triggering

calcium-activated proteases and fiber necrosis.

For most genetic muscular dystrophies no clinically applicable and

effective therapies are currently available. Exon skipping techniques are

nowadays explored in order to combat genetic muscular dystrophies.

Promising results have recently been reported by us and others on a genetic

therapy aimed at restoring the reading frame of the dystrophin pre-mRNA in

cells from the mdx mouse and DMD patients 1 11 . By the targeted skipping of a

specific exon, a DMD phenotype (lacking dystrophin) is converted into a milder

BMD phenotype (partly to largely functional dystrophin). The skipping of an

exon is preferably induced by the binding of antisense oligoribonucleotides

(AONs) targeting either one or both of the splice sites, or exon-internal

sequences. Since an exon will only be included in the mRNA when both the

splice sites are recognised by the spliceosome complex, splice sites are obvious

targets for AONs. Alternatively, or additionally, one or more AONs are used

which are specific for at least part of one or more exonic sequences. Using

exon-internal AONs specific for an exon 46 sequence, we were previously able

to modulate the splicing pattern in cultured myotubes from two different DMD

patients with an exon 45 deletion 11 . Following AON treatment, exon 46 was

skipped, which resulted in a restored reading frame and the induction of

dystrophin synthesis in at least 75% of the cells. We have recently shown that

exon skipping can also efficiently be induced in human control and patient

muscle cells for 39 different DMD exons using exon-internal AONs1' 2' 11 15.

Hence, exon skipping techniques applied on the dystrophin gene result

in the generation of at least partially functional - albeit shorter - dystrophin

protein in DMD patients. Since DMD is caused by a dysfunctional dystrophin

protein, it would be expected that the symptoms of DMD are sufficiently

alleviated once a DMD patient has been provided with functional dystrophin



protein. However, the present invention provides the insight that, even though

exon skipping techniques are capable of inducing dystrophin synthesis, DMD

symptom(s) is/are still further alleviated by administering to a DMD patient

an adjunct compound for reducing inflammation, preferably for reducing

muscle tissue inflammation, and/or an adjunct compound for improving muscle

fiber function, integrity and/or survival. According to the present invention,

even when a dystrophin protein deficiency has been restored in a DMD

patient, the presence of tissue inflammation and damaged muscle cells still

continues to contribute to the symptoms of DMD. Hence, even though the

cause of DMD —i.e. a dysfunctional dystrophin protein —is alleviated,

treatment of DMD is still further improved by additionally using an adjunct

therapy according to the present invention. Furthermore, the present

invention provides the insight that a reduction of inflammation does not result

in significant reduction of AON uptake by muscle cells. This is surprising

because, in general, inflammation enhances the trafficking of cells, blood and

other compounds. As a result, AON uptake/delivery is also enhanced during

inflammation. Hence, before the present invention it would be expected that

an adjunct therapy counteracting inflammation involves the risk of negatively

influencing AON therapy. This, however, appears not to be the case.

The present invention therefore provides a method for alleviating one or

more symptom(s) of Duchenne Muscular Dystrophy or Becker Muscular

Dystrophy in an individual, the method comprising:

- administering to said individual a compound for providing said

individual with a (at least partially) functional dystrophin protein, and

- administering to said individual an adjunct compound for reducing

inflammation, preferably for reducing muscle tissue inflammation, and/or an

adjunct compound for improving muscle fiber function, integrity and/or

survival.



In another preferred embodiment the method for alleviating one or more

symptom(s) of Duchenne Muscular Dystrophy or Becker Muscular Dystrophy

in an individual comprises administering to said individual an adjunct

compound for reducing inflammation, preferably for reducing muscle tissue

inflammation, and/or an adjunct compound for improving muscle fiber

function, integrity and/or survival.

It has surprisingly been found that the skipping frequency of a dystrophin

exon from a pre-MRNA comprising said exon, when using an oligonucleotide

directed toward the exon or to one or both splice sites of said exon, is enhanced

if cells expressing said pre-mRNA are also provided with an adjunct compound

for reducing inflammation, preferably for reducing muscle tissue

inflammation, and/or an adjunct compound for improving muscle fiber

function, integrity and/or survival. The enhanced skipping frequency also

increases the level of functional dystrophin protein produced in a muscle cell of

a DMD or BMD individual.

The present invention further provides a method for enhancing skipping of an

exon from a dystrophin pre-mRNA in cells expressing said pre-mRNA, said

method comprising

- contacting said pre-mRNA in said cells with an oligonucleotide for

skipping said exon and,

- contacting said cells with an adjunct compound for reducing

inflammation, preferably for reducing muscle tissue inflammation, and/or an

adjunct compound for improving muscle fiber function, integrity and/or

survival.



As Duchenne and Becker muscular dystrophy have a pronounced phenotype in

muscle cells, it is preferred that said cells are muscle cells. Preferably said

cells comprise a gene encoding a mutant dystrophin protein. Preferably said

cells are cells of an individual suffering from DMD or BMD.

The present invention further provides a method for enhancing skipping of an

exon from a dystrophin pre-mRNA in cells expressing said pre-mRNA in an

individual suffering from Duchenne Muscular Dystrophy or Becker Muscular

Dystrophy, the method comprising:

- administering t o said individual a compound for providing said

individual with a (at least partially) functional dystrophin protein, and

- administering t o said individual an adjunct compound for reducing

inflammation, preferably for reducing muscle tissue inflammation, and/or an

adjunct compound for improving muscle fiber function, integrity and/or

survival

An individual is provided with a functional dystrophin protein in

various ways. In one embodiment an exon skipping technique is applied.

However, alternative methods are available, such as for instance stop codon

suppression by gentamycin or PTC124 16
'

17 (also known as 3-(5-(2-

fluorophenyl)-l,2,4-oxadiazol-3-yl)benzoic acid), and/or adeno-associated virus

(AAV)-mediated gene delivery of a functional mini- or micro-dystrophin gene

is-20 PTC124 ™ is a registered trademark of PTC Therapeutics, Inc. South

Plainfield, New Jersey.

As defined herein, a functional dystrophin is preferably a wild type

dystrophin corresponding to a protein having the amino acid sequence as

identified in SEQ ID NO: 1. A functional dystrophin is preferably a dystrophin,

which has an actin binding domain in its N terminal part (first 240 amino



acids at the N terminus), a cystein-rich domain (amino acid 3361 till 3685) and

a C terminal domain (last 325 amino acids at the C terminus) each of these

domains being present in a wild type dystrophin as known to the skilled

person. The amino acids indicated herein correspond to amino acids of the wild

type dystrophin being represented by SEQ ID NO:1. In other words, a

functional dystrophin is a dystrophin which exhibits at least to some extent an

activity of a wild type dystrophin. "At least to some extent" preferably means

at least 30%, 40%, 50%, 60%, 70%, 80%, 90%, 95% or 100% of a corresponding

activity of a wild type functional dystrophin. In this context, an activity of a

functional dystrophin is preferably binding to actin and to the dystrophin-

associated glycoprotein complex (DGC)56. Binding of dystrophin to actin and to

the DGC complex may be visualized by either co-immunoprecipitation using

total protein extracts or immunofluorescence analysis of cross-sections, from a

biopsy of a muscle suspected to be dystrophic, as known to the skilled person.

Individuals suffering from Duchenne muscular dystrophy typically have

a mutation in the gene encoding dystrophin that prevent synthesis of the

complete protein, i.e of a premature stop prevents the synthesis of the C-

terminus. In Becker muscular dystrophy the dystrophin gene also comprises a

mutation compared tot the wild type but the mutation does typically not

include a premature stop and the C-terminus is typically synthesized. As a

result a functional dystrophin protein is synthesized that has at least the same

activity in kind as the wild type protein, not although not necessarily the same

amount of activity. The genome of a BMD individual typically encodes a

dystrophin protein comprising the N terminal part (first 240 amino acids at

the N terminus), a cystein-rich domain (amino acid 3361 till 3685) and a C

terminal domain (last 325 amino acids at the C terminus) but its central rod

shaped domain may be shorter than the one of a wild type dystrophin 56 . Exon —

skipping for the treatment of DMD is typically directed to overcome a

premature stop in the pre-mRNA by skipping an exon in the rod-domain

shaped domain to correct the reading frame and allow synthesis of remainder



of the dystrophin protein including the C-terminus, albeit that the protein is

somewhat smaller as a result of a smaller rod domain. In a preferred

embodiment, an individual having DMD and being treated by a method as

defined herein will be provided a dystrophin which exhibits at least to some

extent an activity of a wild type dystrophin. More preferably, if said individual

is a Duchennes patient or is suspected to be a Duchennes patient, a functional

dystrophin is a dystrophin of an individual having BMD: typically said

dystrophin is able to interact with both actin and the DGC, but its central rod

shaped domain may be shorter than the one of a wild type dystrophin

(Aartsma-Rus et al (2006, ref 56). The central rod domain of wild type

dystrophin comprises 24 spectrin-like repeats 56 .For example, a central rod

shaped domain of a dystrophin as provided herein may comprise 5 to 23, 10 to

22 or 12 to 18 spectrin-like repeats as long as it can bind to actin and to DGC.

Alleviating one or more symptom(s) of Duchenne Muscular Dystrophy or

Becker Muscular Dystrophy in an individual in a method of the invention may

be assessed by any of the following assays: prolongation of time to loss of

walking, improvement of muscle strength, improvement of the ability to lift

weight, improvement of the time taken to rise from the floor, improvement in

the nine-meter walking time, improvement in the time taken for four-stairs

climbing, improvement of the leg function grade, improvement of the

pulmonary function, improvement of cardiac function, improvement of the

quality of life. Each of these assays is known to the skilled person. As an

example, the publication of Manzur at al (2008, ref 58) gives an extensive

explanation of each of these assays. For each of these assays, as soon as a

detectable improvement or prolongation of a parameter measured in an assay

has been found, it will preferably mean that one or more symptoms of

Duchenne Muscular Dystrophy or Becker Muscular Dystrophy has been

alleviated in an individual using a method of the invention. Detectable

improvement or prolongation is preferably a statistically significant



improvement or prolongation as described in Hodgetts et al (2006, ref 57).

Alternatively, the alleviation of one or more symptom(s) of Duchenne Muscular

Dystrophy or Becker Muscular Dystrophy may be assessed by measuring an

improvement of a muscle fiber function, integrity and/or survival as later

defined herein.

An adjunct compound for reducing inflammation comprises any therapy

which is capable of at least in part reducing inflammation, preferably

inflammation caused by damaged muscle cells. Said adjunct compound is most

preferably capable of reducing muscle tissue inflammation. Inflammation is

preferably assessed by detecting an increase in the number of infiltrating

immune cells such as neutrophils and/or mast cells and/or dendritic cells

and/or lymphocytes in muscle tissue suspected to be dystrophic. This

assessment is preferably carried out in cross-sections of a biopsy57 of muscle

tissue suspected to be dystrophic after having specifically stained immune cells

as identified above. The quantification is preferably carried out under the

microscope. Reducing inflammation is therefore preferably assessed by

detecting a decrease in the number of immune cells in a cross-section of muscle

tissue suspected to be dystrophic. Detecting a decrease preferably means that

the number of at least one sort of immune cells as identified above is decreased

of at least 1%, 2%, 3%, 5%, 7%, 10%, 12%, 15%, 17%, 20%, 30%, 40%, 50%,

60%, 70%, 80%, 90% or more compared to the number of a corresponding

immune cell in a same individual before treatment. Most preferably, no

infiltrating immune cells are detected in cross-sections of said biopsy.

An adjunct compound for improving muscle fiber function, integrity

and/or survival comprises any therapy which is capable of measurably

enhancing muscle fiber function, integrity and/or survival as compared to an

otherwise similar situation wherein said adjunct compound is not present. The

improvement of muscle fiber function, integrity and/or survival may be



assessed using at least one of the following assays: a detectable decrease of

creatine kinase in blood, a detectable decrease of necrosis of muscle fibers in a

biopsy cross-section of a muscle suspected to be dystrophic, and/or a detectable

increase of the homogeneity of the diameter of muscle fibers in a biopsy cross-

section of a muscle suspected to be dystrophic. Each of these assays is known

to the skilled person.

Creatine kinase may be detected in blood as described in 57. A

detectable decrease in creatine kinase may mean a decrease of 5%, 10%, 20%,

30%, 40%, 50%, 60%, 70%, 80%, 90% or more compared to the concentration of

creatine kinase in a same individual before treatment.

A detectable decrease of necrosis of muscle fibers is preferably assessed

in a muscle biopsy, more preferably as described in 57 using biopsy cross-

sections. A detectable decrease of necrosis may be a decrease of 5%, 10%, 20%,

30%, 40%, 50%, 60%, 70%, 80%, 90% or more of the area wherein necrosis has

been identified using biopsy cross-sections. The decrease is measured by

comparison to the necrosis as assessed in a same individual before treatment.

A detectable increase of the homogeneity of the diameter of a muscle

fiber is preferably assessed in a muscle biopsy cross-section, more preferably

as described in 57.

A treatment in a method according to the invention is about at least one

week, about at least one month, about at least several months, about at least

one year, about at least 2, 3, 4, 5, 6 years or more.

In one embodiment an adjunct compound for increasing turnover of

damaged muscle cells is used. An adjunct compound for increasing turnover of

damaged muscle cells comprises any therapy which is capable of at least in

part inducing and/or increasing turnover of damaged muscle cells. Damaged

muscle cells are muscle cells which have significantly less clinically

measurable functionality than a healthy, intact muscle cell. In the absence of

dystrophin, mechanical stress leads to sarcolemmal ruptures, causing an



uncontrolled influx of calcium into the muscle fiber interior, thereby triggering

calcium-activated proteases and fiber necrosis, resulting in damaged muscle

cells. Increasing turnover of damaged muscle cells means that damaged

muscle cells are more quickly broken down and/or removed as compared to a

situation wherein turnover of damaged muscle cells is not increased. Turnover

of damaged muscle cells is preferably assessed in a muscle biopsy, more

preferably as described in 57 using a cross-section of a biopsy. A detectable

increase of turnover may be an increase of 5%, 10%, 20%, 30%, 40%, 50%, 60%,

70%, 80%, 90% or more of the area wherein turnover has been identified using

a biopsy cross- section. The increase is measured by comparison to the turnover

as assessed in a same individual before treatment.

Without wishing to be bound to theory, it is believed that increasing

turnover of muscle cells is preferred because this reduces inflammatory

responses.

According to the present invention, a combination of a therapy for

providing an individual with a functional dystrophin protein, together with an

adjunct therapy for reducing inflammation, preferably for reducing muscle

tissue inflammation in an individual, is particularly suitable for use as a

medicament. Such combination is even better capable of alleviating one or

more symptom(s) of Duchenne Muscular Dystrophy or Becker Muscular

Dystrophy as compared to a sole therapy for providing an individual with a

functional dystrophin protein. This embodiment also enhances the skipping

frequency of a dystrophin exon from a pre-MRNA comprising said exon, when

using an oligonucleotide directed toward the exon or to one or both splice sites

of said exon. The enhanced skipping frequency also increases the level of

functional dystrophin protein produced in a muscle cell of a DMD or BMD

individual.

Further provided is therefore a combination of a compound for providing

an individual with a functional dystrophin protein, and an adjunct compound



for reducing inflammation, preferably for reducing muscle tissue inflammation

in said individual, for use as a medicament. Since said combination is

particularly suitable for counteracting DMD, the invention also provides a use

of a compound for providing an individual with a functional dystrophin

protein, and an adjunct compound for reducing inflammation, preferably for

reducing muscle tissue inflammation in said individual, for the preparation of

a medicament for alleviating one or more symptom(s) of Duchenne Muscular

Dystrophy. In one embodiment, said combination is used in order to alleviate

one or more symptom(s) of a severe form of BMD wherein a very short

dystrophin protein is formed which is not sufficiently functional.

Preferred adjunct compound for reducing inflammation include a steroid, a

TNFαinhibitor, a source of mIGF-1 and/or an antioxidant. However, any other

compound able to reduce inflammation as defined herein is also encompassed

within the present invention. Each of these compounds is later on extensively

presented. Each of the compounds extensively presented may be used

separately or in combination with each other and/or in combination with one or

more of the adjunct compounds used for improving muscle fiber function,

integrity and/or survival.

Furthermore, a combination of a therapy for providing an individual

with a functional dystrophin protein, together with an adjunct therapy for

improving muscle fiber function, integrity and/or survival in an individual is

particularly suitable for use as a medicament. Such combination is even better

capable of alleviating one or more symptom(s) of Duchenne Muscular

Dystrophy as compared to a sole therapy for providing an individual with a

functional dystrophin protein.

Further provided is therefore a combination of a compound for providing

an individual with a functional dystrophin protein, and an adjunct compound

for improving muscle fiber function, integrity and/or survival in said



individual, for use as a medicament. This combination is also particularly

suitable for counteracting DMD. A use of a compound for providing an

individual with a functional dystrophin protein, and an adjunct compound for

improving muscle fiber function, integrity and/or survival in said individual,

for the preparation of a medicament for alleviating one or more symptom(s) of

Duchenne Muscular Dystrophy is therefore also provided. In one embodiment,

said combination is used in order to alleviate one or more symptom(s) of a

severe form of BMD wherein a very short dystrophin protein is formed which

is not sufficiently functional.

Preferred adjunct compounds for improving muscle fiber function, integrity

and/or survival include a ion channel inhibitor, a protease inhibitor, L-arginine

and/or an angiotensin II type I receptor blocker. However, any other compound

able to improving muscle fiber function, integrity and/or survival as defined

herein is also encompassed within the present invention. Each of these

compounds is later on extensively presented. Each of the compounds

extensively presented may be used separately or in combination with each

other and/or in combination with one or more of the adjunct compounds used

for reducing inflammation.

In one embodiment a pharmaceutical preparation is made which

comprises at least one of the above mentioned combinations comprising a

compound for providing an individual with a functional dystrophin protein

together with an adjunct compound according to the invention. Further

provided is therefore a pharmaceutical preparation comprising:

- a compound for providing an individual with a functional dystrophin protein,

and

- an adjunct compound for reducing inflammation, preferably for reducing

muscle tissue inflammation in said individual, and/or an adjunct compound for

improving muscle fiber function, integrity and/or survival in said individual,



and

- a pharmaceutically acceptable carrier, adjuvant, diluent and/or excipient.

Examples of suitable carriers and adjuvants are well known in the art and for

instance comprise a saline solution. Dose ranges of compounds used in a

pharmaceutical preparation according to the invention are designed on the

basis of rising dose studies in clinical trials for which rigorous protocol

requirements exist.

In a particularly preferred embodiment, a compound for providing an

individual with a functional dystrophin protein is combined with a steroid. As

shown in the Examples, such combination results in significant alleviation of

DMD symptoms. One preferred embodiment of the present invention therefore

provides a method for alleviating one or more symptom(s) of Duchenne

Muscular Dystrophy in an individual, the method comprising administering to

said individual a steroid and a compound for providing said individual with a

functional dystrophin protein. A combination of a steroid and a compound for

providing an individual with a functional dystrophin protein for use as a

medicament is also provided, as well as a use of a steroid and a compound for

providing an individual with a functional dystrophin protein for the

preparation of a medicament for alleviating one or more symptom(s) of DMD.

This embodiment also enhances the skipping frequency of a dystrophin exon

from a pre-MRNA comprising said exon, when using an oligonucleotide

directed toward the exon or to one or both splice sites of said exon. The

enhanced skipping frequency also increases the level of functional dystrophin

protein produced in a muscle cell of a DMD or BMD individual.

In one embodiment, said combination is used in order to alleviate one or

more symptom(s) of a severe form of BMD wherein a very short dystrophin

protein is formed which is not sufficiently functional.

A steroid is a terpenoid lipid characterized by a carbon skeleton with

four fused rings, generally arranged in a 6-6-6-5 fashion. Steroids vary by the



functional groups attached to these rings and the oxidation state of the rings.

Steroids include hormones and drugs which are usually used to relieve

swelling and inflammation, such as for instance prednisone, dexamethasone

and vitamin D.

According to the present invention, supplemental effects of adjunct

steroid therapy in DMD patients include reduction of tissue inflammation,

suppression of cytotoxic cells, and improved calcium homeostasis. Most

positive results are obtained in younger boys. Preferably the steroid is a

corticosteroid (glucocorticosteroid). Preferably, prednisone steroids (such as

prednisone, prednizolone or deflazacort) are used in a method according to the

invention 21. Dose ranges of (glucocortico)steroids to be used in the therapeutic

applications as described herein are designed on the basis of rising dose

studies in clinical trials for which rigorous protocol requirements exist. The

usual doses are about 0.5 - 1.0 mg/kg/day, preferably about 0.75 mg/kg/day for

prednisone and prednisolone, and about 0.4 - 1.4 mg/kg/day, preferably about

0.9 mg/kg/day for deflazacort.

In one embodiment, a steroid is administered to said individual prior to

administering a compound for providing an individual with a functional

dystrophin protein. In this embodiment, it is preferred that said steroid is

administered at least one day, more preferred at least one week, more

preferred at least two weeks, more preferred at least three weeks prior to

administering a compound for providing said individual with a functional

dystrophin protein.

In another preferred embodiment, a compound for providing an

individual with a functional dystrophin protein is combined with a tumour

necrosis factor-alpha (TNFα) inhibitor. Tumour necrosis factor-alpha (TNFα) is

a pro-inflammatory cytokine that stimulates the inflammatory response.

Pharmacological blockade of TNFαactivity with the neutralising antibody

infliximab (Remicade) is highly effective clinically at reducing symptoms of



inflammatory diseases. In mdx mice, both infliximab and etanercept delay and

reduce the necrosis of dystrophic muscle24' 25, with additional physiological

benefits on muscle strength, chloride channel function and reduced CK levels

being demonstrated in chronically treated exercised adult mdx mice26. Such

highly specific anti-inflammatory drugs designed for use in other clinical

conditions, are attractive alternatives to the use of steroids for DMD. In one

embodiment, the use of a TNFαinhibitor is limited to periods of intensive

muscle growth in boys when muscle damage and deterioration are especially

pronounced.

One aspect of the present invention thus provides a method for

alleviating one or more symptom(s) of Duchenne Muscular Dystrophy in an

individual, the method comprising administering to said individual a TNFα
inhibitor and a compound for providing said individual with a functional

dystrophin protein. A combination of a TNFαinhibitor and a compound for

providing an individual with a functional dystrophin protein for use as a

medicament is also provided, as well as a use of a TNFαinhibitor and a

compound for providing an individual with a functional dystrophin protein for

the preparation of a medicament for alleviating one or more symptom(s) of

DMD. In one embodiment, said combination is used in order to alleviate one or

more symptom(s) of a severe form of BMD wherein a very short dystrophin

protein is formed which is not sufficiently functional. A preferred TNFα
inhibitor is a dimeric fusion protein consisting of the extracellular ligand-

binding domain of the human p75 receptor of TNFα linked to the Fc portion of

human IgGl. A more preferred TNFα inhibitor is ethanercept (Amgen,

America)26. The usual doses of ethanercept is about 0.2 mg/kg, preferably

about 0.5 mg/kg twice a week. The administration is preferably subcutaneous.

In another preferred embodiment, a compound for providing an

individual with a functional dystrophin protein is combined with a source of



mIGF-1. As defined herein, a source of IGF-I preferably encompasses mIGF-1

itself, a compound able of enhancing mIGF-1 expression and/or activity.

Enhancing is herein synonymous with increasing. Expression of mIGF-1 is

synonymous with amount of mIGF-1. mIGF-1 promotes regeneration of

muscles through increase in satellite cell activity, and reduces inflammation

and fibrosis27. Local injury of muscle results in increased mIGF-1 expression.

In transgenic mice with extra IGF-I genes, muscle hypertrophy and enlarged

muscle fibers are observed27. Similarly, transgenic mdx mice show reduced

muscle fiber degeneration 28. Upregulation of the mIGF-1 gene and/or

administration of extra amounts of mIGF-1 protein or a functional equivalent

thereof (especially the mIGF-1 Ea isoform [as described in 27, human homolog

IGF-I isoform 4 : SEQ ID NO: 2]) thus promotes the effect of other, preferably

genetic, therapies for DMD, including antisense-induced exon skipping. The

additional mIGF- 1 levels in the above mentioned transgenic mice do not

induce cardiac problems nor promote cancer, and have no pathological side

effects. One aspect of the present invention thus provides a method for

alleviating one or more symptom(s) of Duchenne Muscular Dystrophy in an

individual, the method comprising administering to said individual a

compound for providing said individual with a functional dystrophin protein,

and providing said individual with a source of mIGF-1, preferably mIGF-1

itself, a compound able of increasing mIGF-1 expression and/or activity. As

stated before, the amount of mIGF-1 is for instance increased by enhancing

expression of the mIGF-1 gene and/or by administration of mIGF-1 protein

and/or a functional equivalent thereof (especially the mIGF-1 Ea isoform [as

described in 27, human homolog IGF-I isoform 4 : SEQ ID NO: 2]). A

combination of mIGF-1, or a compound capable of enhancing mIGF-1

expression or an mIGF-1 activity, and a compound for providing an individual

with a functional dystrophin protein for use as a medicament is also provided,

as well as a use of mIGF-1, or a compound capable of enhancing mIGF-1

expression or mIGF-1 activity, and a compound for providing an individual



with a functional dystrophin protein for the preparation of a medicament for

alleviating one or more symptom(s) of DMD. In one embodiment, such

combination is used in order to alleviate one or more symptom(s) of a severe

form of BMD wherein a very short dystrophin protein is formed which is not

sufficiently functional.

Within the context of the invention, an increased amount or activity of

mIGF-1 may be reached by increasing the gene expression level of an IGF-I

gene, by increasing the amount of a corresponding IGF- 1 protein and/or by

increasing an activity of an IGFl -protein. A preferred mIGF-1 protein has

been earlier defined herein. An increase of an activity of said protein is herein

understood to mean any detectable change in a biological activity exerted by

said protein or in the steady state level of said protein as compared to said

activity or steady- state in a individual who has not been treated. Increased

amount or activity of mIGF-1 is preferably assessed by detection of increased

expression of muscle hypertrophy biomarker GATA-2 (as described in 27).

Gene expression level is preferably assessed using classical molecular

biology techniques such as (real time) PCR, arrays or Northern analysis. A

steady state level of a protein is determined directly by quantifying the

amount of a protein. Quantifying a protein amount may be carried out by any

known technique such as Western blotting or immunoassay using an antibody

raised against a protein. The skilled person will understand that alternatively

or in combination with the quantification of a gene expression level and/or a

corresponding protein, the quantification of a substrate of a corresponding

protein or of any compound known to be associated with a function or activity

of a corresponding protein or the quantification of said function or activity of a

corresponding protein using a specific assay may be used to assess the

alteration of an activity or steady state level of a protein.



In a method of the invention, an activity or steady-state level of a said

protein may be altered at the level of the protein itself, e.g. by providing a

protein to a cell from an exogenous source.

Preferably, an increase or an upregulation of the expression level of a

said gene means an increase of at least 5% of the expression level of said gene

using arrays. More preferably, an increase of the expression level of said gene

means an increase of at least 10%, even more preferably at least 20%, at least

30%, at least 40%, at least 50%, at least 70%, at least 90%, at least 150% or

more. In another preferred embodiment, an increase of the expression level of

said protein means an increase of at least 5% of the expression level of said

protein using western blotting and/or using ELISA or a suitable assay. More

preferably, an increase of the expression level of a protein means an increase

of at least 10%, even more preferably at least 20%, at least 30%, at least 40%,

at least 50%, at least 70%, at least 90%, at least 150% or more.

In another preferred embodiment, an increase of a polypeptide activity

means an increase of at least 5% of a polypeptide activity using a suitable

assay. More preferably, an increase of a polypeptide activity means an increase

of at least 10%, even more preferably at least 20%, at least 30%, at least 40%,

at least 50%, at least 70%, at least 90%, at least 150% or more. The increase is

preferably assessed by comparison to corresponding activity in the individual

before treatment.

A preferred way of providing a source of mIGFl is to introduce a

transgene encoding mIGFl, preferably an mIGF-1 Ea isoform (as described in

27, human homolog IGF-I isoform 4 : SEQ ID NO: 2) , more preferably in an

AAVvector as later defined herein. Such source of mIGFl is specifically

expressed in muscle tissue as described in mice in 27.

In another preferred embodiment, a compound for providing an

individual with a functional dystrophin protein is combined with an



antioxidant. Oxidative stress is an important factor in the progression of DMD

and promotes chronic inflammation and fibrosis29. The most prevalent

products of oxidative stress, the peroxidized lipids, are increased by an average

of 35% in Duchenne boys. Increased levels of the enzymes superoxide

dismutase and catalase reduce the excessive amount of free radicals causing

these effects. In fact, a dietary supplement Protandim® (LifeVantage) was

clinically tested and found to increase levels of superoxide dismutase (up to

30%) and catalase (up to 54%), which indeed significantly inhibited the

peroxidation of lipids in 29 healthy persons 30 . Such effective management of

oxidative stress thus preserves muscle quality and so promotes the positive

effect of DMD therapy. Idebenone is another potent antioxidant with a

chemical structure derived from natural coenzyme QlO. It protects

mitochondria where adenosine triphosphate, ATP, is generated by oxidative

phosphorylation. The absence of dystrophin in DMD negatively affects this

process in the heart, and probably also in skeletal muscle. Idebenone was

recently applied in clinical trials in the US and Europe demonstrating efficacy

on neurological aspects of Friedreich's Ataxia 31. A phase-IIa double-blind,

placebo-controlled randomized clinical trial with Idebenone has recently been

started in Belgium, including 21 Duchenne boys at 8 to 16 years of age. The

primary objective of this study is to determine the effect of Idebenone on heart

muscle function. In addition several different tests will be performed to detect

the possible functional benefit on muscle strength in the patients. When

effective, Idebenone is a preferred adjunct compound for use in a method

according to the present invention in order to enhance the therapeutic effect of

DMD therapy, especially in the heart. One aspect of the present invention thus

provides a method for alleviating one or more symptom(s) of Duchenne

Muscular Dystrophy in an individual, the method comprising administering to

said individual an antioxidant and a compound for providing said individual

with a functional dystrophin protein. A combination of an antioxidant and a

compound for providing an individual with a functional dystrophin protein for



use as a medicament is also provided, as well as a use of an antioxidant and a

compound for providing an individual with a functional dystrophin protein for

the preparation of a medicament for alleviating one or more symptom(s) of

DMD. In one embodiment, said combination is used in order to alleviate one or

more symptom(s) of a severe form of BMD wherein a very short dystrophin

protein is formed which is not sufficiently functional. Depending on the

identity of the antioxidant, the skilled person will know which quantities are

preferably used. An antioxidant may include bacoside, silymarin, curcumin, a

polyphenol, preferably epigallocatechin-3-gallate (EGCG). Preferably, an

antioxidant is a mixture of antioxidants as the dietary supplement

Protandim® (LifeVantage). A daily capsule of 675mg of Protandim®

comprises 150 mg of B. monniera (45% bacosides), 225mg of S. marianum (70-

80% silymarin), 150 mg of W. somnifera powder, 75mg green tea (98%

polyphenols wherein 45% EGCG) and 75mg turmeric (95% curcumin).

In another preferred embodiment, a compound for providing an

individual with a functional dystrophin protein is combined with an ion

channel inhibitor. The presence of damaged muscle membranes in DMD

disturbs the passage of calcium ions into the myofibers, and the consequently

disrupted calcium homeostasis activates many enzymes, e.g. proteases, that

cause additional damage and muscle necrosis. Ion channels that directly

contribute to the pathological accumulation of calcium in dystrophic muscle

are potential targets for adjunct compounds to treat DMD. There is evidence

that some drugs, such as pentoxifylline, block exercise-sensitive calcium

channels 32 and antibiotics that block stretch activated channels reduce

myofibre necrosis in mdx mice and CK levels in DMD boys33. One embodiment

thus provides a method for alleviating one or more symptom(s) of Duchenne

Muscular Dystrophy in an individual, the method comprising administering to

said individual an ion channel inhibitor and a compound for providing said

individual with a functional dystrophin protein. A combination of an ion



channel inhibitor and a compound for providing an individual with a

functional dystrophin protein for use as a medicament is also provided, as well

as a use of an ion channel inhibitor and a compound for providing an

individual with a functional dystrophin protein for the preparation of a

medicament for alleviating one or more symptom(s) of DMD. In one

embodiment, said combination is used in order to alleviate one or more

symptom(s) of a severe form of BMD wherein a very short dystrophin protein

is formed which is not sufficiently functional.

Preferably, ion channel inhibitors of the class of xanthines are used.

More preferably, said xanthines are derivatives of methylxanthines, and most

preferably, said methylxanthine derivates are chosen from the group

consisting of pentoxifylline, furafylline, lisofylline, propentofylline, pentifylline,

theophylline, torbafylline, albifylline, enprofylline and derivatives thereof.

Most preferred is the use of pentoxifylline. Ion channel inhibitors of the class

of xanthines enhance the skipping frequency of a dystrophin exon from a pre-

MRNA comprising said exon, when using an oligonucleotide directed toward

the exon or to one or both splice sites of said exon. The enhanced skipping

frequency also increases the level of functional dystrophin protein produced in

a muscle cell of a DMD or BMD individual.

Depending on the identity of the ion channel inhibitor, the skilled

person will know which quantities are preferably used. Suitable dosages of

pentoxifylline are between about 1 mg/kg/day to about 100 mg/kg/day,

preferred dosages are between about 10 mg/kg/day to 50 mg/kg/day. Typical

dosages used in humans are 20 mg/kg/day.

In one embodiment, an ion channel inhibitor is administered to said

individual prior to administering a compound for providing an individual with

a functional dystrophin protein. In this embodiment, it is preferred that said

ion channel inhibitor is administered at least one day, more preferred at least



one week, more preferred at least two weeks, more preferred at least three

weeks prior to administering a compound for providing said individual with a

functional dystrophin protein.

In another preferred embodiment, a compound for providing an

individual with a functional dystrophin protein is combined with a protease

inhibitor. Calpains are calcium activated proteases that are increased in

dystrophic muscle and account for myofiber degeneration. Calpain inhibitors

such as calpastatin, leupeptin 34, calpeptin, calpain inhibitor III, or PD150606

are therefore applied to reduce the degeneration process. A new compound, BN

82270 (Ipsen) that has dual action as both a calpain inhibitor and an

antioxidant increased muscle strength, decreased serum CK and reduced

fibrosis of the mdx diaphragm, indicating a therapeutic effect with this new

compound35. Another compound of Leupeptin/Carnitine (Myodur) has recently

been proposed for clinical trials in DMD patients.

MG132 is another proteasomal inhibitor that has shown to reduce

muscle membrane damage, and to ameliorate the histopathological signs of

muscular dystrophy 36 . MG-132 (CBZ-leucyl-leucyl-leucinal) is a cell-permeable,

proteasomal inhibitor (Ki=4nM), which inhibits NFkappaB activation by

preventing IkappaB degradation (IC50 = 3 µM). In addition, it is a peptide

aldehyde that inhibits ubiquitin-mediated proteolysis by binding to and

inactivating 2OS and 26S proteasomes. MG-132 has shown to inhibit the

proteasomal degradation of dystrophin-associated proteins in the dystrophic

mdx mouse model36. This compound is thus also suitable for use as an adjunct

pharmacological compound for DMD. Further provided is therefore a method

for alleviating one or more symptom(s) of Duchenne Muscular Dystrophy in an

individual, the method comprising administering to said individual a protease

inhibitor and a compound for providing said individual with a functional

dystrophin protein. A combination of a protease inhibitor and a compound for

providing an individual with a functional dystrophin protein for use as a



medicament is also provided, as well as a use of a protease inhibitor and a

compound for providing an individual with a functional dystrophin protein for

the preparation of a medicament for alleviating one or more symptom(s) of

DMD. In one embodiment, said combination is used in order to alleviate one or

more symptom(s) of a severe form of BMD wherein a very short dystrophin

protein is formed which is not sufficiently functional. Depending on the

identity of the protease inhibitor, the skilled person will know which quantities

are preferably used.

In another preferred embodiment, a compound for providing an

individual with a functional dystrophin protein is combined with L-arginine.

Dystrophin- deficiency is associated with the loss of the DGC-complex at the

fiber membranes, including neuronal nitric oxide synthase (nNOS). Expression

of a nNOS transgene in mdx mice greatly reduced muscle membrane damage.

Similarly, administration of L-arginine (the substrate for nitric oxide

synthase) increased NO production and upregulated utrophin expression in

mdx mice. Six weeks of L-arginine treatment improved muscle pathology and

decreased serum CK in mdx mice37. The use of L-arginine as an adjunct

therapy in combination with a compound for providing said individual with a

functional dystrophin protein has not been disclosed.

Further provided is therefore a method for alleviating one or more

symptom(s) of Duchenne Muscular Dystrophy in an individual, the method

comprising administering to said individual L-arginine and a compound for

providing said individual with a functional dystrophin protein. A combination

of L-arginine and a compound for providing an individual with a functional

dystrophin protein for use as a medicament is also provided, as well as a use of

L-arginine and a compound for providing an individual with a functional

dystrophin protein for the preparation of a medicament for alleviating one or

more symptom(s) of DMD. In one embodiment, said combination is used in



order to alleviate one or more symptom(s) of a severe form of BMD wherein a

very short dystrophin protein is formed which is not sufficiently functional.

In another preferred embodiment, a compound for providing an

individual with a functional dystrophin protein is combined with angiotensin

II type 1 receptor blocker Losartan which normalizes muscle architecture,

repair and function, as shown in the dystrophin-deficient mdx mouse model23.

One aspect of the present invention thus provides a method for alleviating one

or more symptom(s) of Duchenne Muscular Dystrophy in an individual, the

method comprising administering to said individual angiotensin II type 1

receptor blocker Losartan, and a compound for providing said individual with

a functional dystrophin protein. A combination of angiotensin II type 1

receptor blocker Losartan and a compound for providing an individual with a

functional dystrophin protein for use as a medicament is also provided, as well

as a use of angiotensin II type 1 receptor blocker Losartan and a compound for

providing an individual with a functional dystrophin protein for the

preparation of a medicament for alleviating one or more symptom(s) of DMD.

In one embodiment, said combination is used in order to alleviate one or more

symptom(s) of a severe form of BMD wherein a very short dystrophin protein

is formed which is not sufficiently functional. Depending on the identity of the

angiotensin II type 1 receptor blocker, the skilled person will know which

quantities are preferably used.

In another preferred embodiment, a compound for providing an

individual with a functional dystrophin protein is combined with an

angiotensin-converting enzyme (ACE) inhibitor, preferably perindopril. ACE

inhibitors are capable of lowering blood pressure. Early initiation of treatment

with perindopril is associated with a lower mortality in DMD patients 22 . One

aspect of the present invention thus provides a method for alleviating one or

more symptom(s) of Duchenne Muscular Dystrophy in an individual, the



method comprising administering to said individual an ACE inhibitor,

preferably perindopril, and a compound for providing said individual with a

functional dystrophin protein. A combination of an ACE inhibitor, preferably

perindopril, and a compound for providing an individual with a functional

dystrophin protein for use as a medicament is also provided, as well as a use of

an ACE inhibitor, preferably perindopril, and a compound for providing an

individual with a functional dystrophin protein for the preparation of a

medicament for alleviating one or more symptom(s) of DMD. In one

embodiment, said combination is used in order to alleviate one or more

symptom(s) of a severe form of BMD wherein a very short dystrophin protein

is formed which is not sufficiently functional. The usual doses of an ACE

inhibitor, preferably perindopril are about 2 to 4 mg/day22.

In a more preferred embodiment, an ACE inhibitor is combined with at least

one of the previously identified adjunct compounds.

In another preferred embodiment, a compound for providing an

individual with a functional dystrophin protein is combined with a compound

which is capable of enhancing exon skipping and/or inhibiting spliceosome

assembly and/or splicing. Small chemical compounds, such as for instance

specific indole derivatives, have been shown to selectively inhibit spliceosome

assembly and splicing38, for instance by interfering with the binding of serine-

and arginine-rich (SR) proteins to their cognate splicing enhancers (ISEs or

ESEs) and/or by interfering with the binding of splicing repressors to silencer

sequences (ESSs or ISSs). These compounds are therefore suitable for

applying as adjunct compounds that enhance exon skipping.

Further provided is therefore a method for alleviating one or more

symptom(s) of Duchenne Muscular Dystrophy in an individual, the method

comprising administering to said individual a compound for enhancing exon

skipping and/or inhibiting spliceosome assembly and/or splicing, and a

compound for providing said individual with a functional dystrophin protein. A



combination of a compound for enhancing exon skipping and/or inhibiting

spliceosome assembly and/or splicing and a compound for providing an

individual with a functional dystrophin protein for use as a medicament is also

provided, as well as a use of a compound for enhancing exon skipping and/or

inhibiting spliceosome assembly and/or splicing and a compound for providing

an individual with a functional dystrophin protein for the preparation of a

medicament for alleviating one or more symptom(s) of DMD. In one

embodiment, said combination is used in order to alleviate one or more

symptom(s) of a severe form of BMD wherein a very short dystrophin protein

is formed which is not sufficiently functional. Depending on the identity of the

compound which is capable of enhancing exon skipping and/or inhibiting

spliceosome assembly and/or splicing, the skilled person will know which

quantities are preferably used. In a more preferred embodiment, a compound

for enhancing exon skipping and/or inhibiting spliceosome assembly and/or

splicing is combined with a ACE inhibitor and/or with any adjunct compounds

as identified earlier herein.

A pharmaceutical preparation comprising a compound for providing an

individual with a functional dystrophin protein, any of the above mentioned

adjunct compounds, and a pharmaceutically acceptable carrier, filler,

preservative, adjuvant, solubilizer, diluent and/or excipient is also provided.

Such pharmaceutically acceptable carrier, filler, preservative, adjuvant,

solubilizer, diluent and/or excipient may for instance be found in Remington:

The Science and Practice of Pharmacy, 20th Edition. Baltimore, MD:

Lippincott Williams & Wilkins, 2000.

The invention thus provides a method, combination, use or

pharmaceutical preparation according to the invention, wherein said adjunct

compound comprises a steroid, an ACE inhibitor (preferably perindopril),

angiotensin II type 1 receptor blocker Losartan, a tumour necrosis factor-alpha



(TNFα) inhibitor, a source of mIGF-1, preferably mIGF-1, a compound for

enhancing mIGF-1 expression, a compound for enhancing mIGF-1 activity, an

antioxidant, an ion channel inhibitor, a protease inhibitor, L-arginine and/or a

compound for enhancing exon skipping and/or inhibiting spliceosome assembly

and/or splicing.

As described herein before, an individual is provided with a functional

dystrophin protein in various ways, for instance by stop codon suppression by

gentamycin or PTC12416' 17, or by adeno-associated virus (AAV)-mediated gene

delivery of a functional mini- or micro-dystrophin gene18 20.

Preferably, however, said compound for providing said individual with a

functional dystrophin protein comprises an oligonucleotide, or a functional

equivalent thereof, for at least in part decreasing the production of an aberrant

dystrophin protein in said individual. Decreasing the production of an

aberrant dystrophin mRNA, or aberrant dystrophin protein, preferably means

that 90%, 80%, 70%, 60%, 50%, 40%, 30%, 20%, 10%, 5% or less of the initial

amount of aberrant dystrophin mRNA, or aberrant dystrophin protein, is still

detectable by RT PCR (mRNA) or immunofluorescence or western blot analysis

(protein). An aberrant dystrophin mRNA or protein is also referred to herein

as a non-functional dystrophin mRNA or protein. A non functional dystrophin

protein is preferably a dystrophin protein which is not able to bind actin and/or

members of the DGC protein complex. A non-functional dystrophin protein or

dystrophin mRNA does typically not have, or does not encode a dystrophin

protein with an intact C-terminus of the protein. Said oligonucleotide

preferably comprises an antisense oligoribonucleotide. In a preferred

embodiment an exon skipping technique is applied. Exon skipping interferes

with the natural splicing processes occurring within a eukaryotic cell. In

higher eukaryotes the genetic information for proteins in the DNA of the cell is

encoded in exons which are separated from each other by intronic sequences.

These introns are in some cases very long. The transcription machinery of

eukaryotes generates a pre-mRNA which contains both exons and introns,



while the splicing machinery, often already during the production of the pre-

mRNA, generates the actual coding region for the protein by splicing together

the exons present in the pre-mRNA.

Exon-skipping results in mature mRNA that lacks at least one skipped

exon. Thus, when said exon codes for amino acids, exon skipping leads to the

expression of an altered product. Technology for exon-skipping is currently

directed towards the use of antisense oligonucleotides (AONs). Much of this

work is done in the mdx mouse model for Duchenne muscular dystrophy. The

mdx mouse, which carries a nonsense mutation in exon 23 of the dystrophin

gene, has been used as an animal model of DMD. Despite the mdx mutation,

which should preclude the synthesis of a functional dystrophin protein, rare,

naturally occurring dystrophin positive fibers have been observed in mdx

muscle tissue. These dystrophin-positive fibers are thought to have arisen from

an apparently naturally occurring exon-skipping mechanism, either due to

somatic mutations or through alternative splicing. AONs directed to,

respectively, the 3' and/or 5' splice sites of introns 22 and 23 in dystrophin pre-

mRNA, have been shown to interfere with factors normally involved in

removal of intron 23 so that also exon 23 was removed from the mRNA3' 5' 6' 39'

40_

By the targeted skipping of a specific exon, a DMD phenotype is

converted into a milder BMD phenotype. The skipping of an exon is preferably

induced by the binding of AONs targeting either one or both of the splice sites,

or exon-internal sequences. An oligonucleotide directed toward an exon

internal sequence typically exhibits no overlap with non-exon sequences. It

preferably does not overlap with the splice sites at least not insofar as these

are present in the intron. An oligonucleotide directed toward an exon internal

sequence preferably does not contain a sequence complementary to an adjacent

intron. Further provided is thus a method, combination, use or pharmaceutical

preparation according to the invention, wherein said compound for providing

said individual with a functional dystrophin protein comprises an



oligonucleotide, or a functional equivalent thereof, for inhibiting inclusion of

an exon of a dystrophin pre-mRNA into mRNA produced from splicing of said

pre-mRNA. An exon skipping technique is preferably applied such that the

absence of an exon from mRNA produced from dystrophin pre-mRNA

generates a coding region for a functional - albeit shorter - dystrophin protein.

In this context, inhibiting inclusion of an exon preferably means that the

detection of the original, aberrant dystrophin mRNA is decreased of at least

about 10% as assessed by RT-PCR or that a corresponding aberrant dystrophin

protein is decreased of at least about 10% as assessed by immunofluorescence

or western blot analysis. The decrease is preferably of at least 20%, 30%, 40%,

50%, 60%, 70%, 80%, 90% or 100%.

Once a DMD patient is provided with a functional dystrophin protein,

the cause of DMD is taken away. Hence, it would then be expected that the

symptoms of DMD are sufficiently alleviated. However, as already described

before, the present invention provides the insight that, even though exon

skipping techniques are capable of providing a functional dystrophin protein, a

symptom of DMD is still further alleviated by administering to a DMD patient

an adjunct compound for reducing inflammation, preferably for reducing

muscle tissue inflammation, and/or an adjunct compound for improving muscle

fiber function, integrity and/or survival. Moreover, the present invention

provides the insight that an adjunct therapy counteracting inflammation does

not negatively influence AON therapy. The present invention further provides

the insight that the skipping frequency of a dystrophin exon from a pre-MRNA

comprising said exon is enhanced, when using an oligonucleotide directed

toward the exon or to one or both splice sites of said exon. The enhanced

skipping frequency also increases the level of functional dystrophin protein

produced in a muscle cell of a DMD or BMD individual.

Since an exon of a dystrophin pre-mRNA will only be included into the

resulting mRNA when both the splice sites are recognised by the spliceosome



complex, splice sites are obvious targets for AONs. One embodiment therefore

provides a method, combination, use or pharmaceutical preparation according

to the invention, wherein said compound for providing said individual with a

functional dystrophin protein comprises an oligonucleotide, or a functional

equivalent thereof, comprising a sequence which is complementary to a non-

exon region of a dystrophin pre mRNA. In one embodiment an AON is used

which is solely complementary to a non-exon region of a dystrophin pre mRNA.

This is however not necessary: it is also possible to use an AON which

comprises an intron- specific sequence as well as exon-specific sequence. Such

AON comprises a sequence which is complementary to a non-exon region of a

dystrophin pre mRNA, as well as a sequence which is complementary to an

exon region of a dystrophin pre mRNA. Of course, an AON is not necessarily

complementary to the entire sequence of a dystrophin exon or intron. AONs

which are complementary to a part of such exon or intron are preferred. An

AON is preferably complementary to at least part of a dystrohin exon and/or

intron, said part having at least 13 nucleotides.

Splicing of a dystrophin pre-mRNA occurs via two sequential

transesterification reactions. First, the 2'OH of a specific branch-point

nucleotide within the intron that is defined during spliceosome assembly

performs a nucleophilic attack on the first nucleotide of the intron at the 5'

splice site forming the lariat intermediate. Second, the 3'OH of the released 5'

exon then performs a nucleophilic attack at the last nucleotide of the intron at

the 3' splice site thus joining the exons and releasing the intron lariat. The

branch point and splice sites of an intron are thus involved in a splicing event.

Hence, an oligonucleotide comprising a sequence which is complementary to

such branch point and/or splice site is preferably used for exon skipping.

Further provided is therefore a method, combination, use or pharmaceutical

preparation according to the invention, wherein said compound for providing

said individual with a functional dystrophin protein comprises an

oligonucleotide, or a functional equivalent thereof, comprising a sequence



which is complementary to a splice site and/or branch point of a dystrophin pre

mRNA.

Since splice sites contain consensus sequences, the use of an

oligonucleotide or a functional equivalent thereof (herein also called an AON)

comprising a sequence which is complementary of a splice site involves the risk

of promiscuous hybridization. Hybridization of AONs to other splice sites than

the sites of the exon to be skipped could easily interfere with the accuracy of

the splicing process. To overcome these and other potential problems related to

the use of AONs which are complementary to an intron sequence, one

preferred embodiment provides a method, combination, use or pharmaceutical

preparation according to the invention, wherein said compound for providing

said individual with a functional dystrophin protein comprises an

oligonucleotide, or a functional equivalent thereof, comprising a sequence

which is complementary to a dystrophin pre-mRNA exon. Preferably, said

AON is capable of specifically inhibiting an exon inclusion signal of at least

one exon in said dystrophin pre-mRNA. Interfering with an exon inclusion

signal (EIS) has the advantage that such elements are located within the exon.

By providing an AON for the interior of the exon to be skipped, it is possible to

interfere with the exon inclusion signal thereby effectively masking the exon

from the splicing apparatus. The failure of the splicing apparatus to recognize

the exon to be skipped thus leads to exclusion of the exon from the final

mRNA. This embodiment does not interfere directly with the enzymatic

process of the splicing machinery (the joining of the exons). It is thought that

this allows the method to be more specific and/or reliable. It is thought that an

EIS is a particular structure of an exon that allows splice acceptor and donor

to assume a particular spatial conformation. In this concept it is the particular

spatial conformation that enables the splicing machinery to recognize the exon.

However, the invention is certainly not limited to this model. It has been found

that agents capable of binding to an exon are capable of inhibiting an EIS. An



AON may specifically contact said exon at any point and still be able to

specifically inhibit said EIS.

Using exon-internal AONs specific for an exon 46 sequence, we were

previously able to modulate the splicing pattern in cultured myotubes from

two different DMD patients with an exon 45 deletion 11 . Following AON

treatment, exon 46 was skipped, which resulted in a restored reading frame

and the induction of dystrophin synthesis in at least 75% of the cells. We have

recently shown that exon skipping can also efficiently be induced in human

control and series of patients with different mutations, including deletions,

duplications and point mutations, for 39 different DMD exons using exon-

internal AONs1' 2 -i .

Within the context of the invention, a functional equivalent of an

oligonucleotide preferably means an oligonucleotide as defined herein wherein

one or more nucleotides have been substituted and wherein an activity of said

functional equivalent is retained to at least some extent. Preferably, an

activity of said functional equivalent is providing a functional dystrophin

protein. Said activity of said functional equivalent is therefore preferably

assessed by quantifying the amount of a functional dystrophin protein. A

functional dystrophin is herein preferably defined as being a dystrophin able to

bind actin and members of the DGC protein complex. The assessment of said

activity of an oligonucleotide is preferably done by RT-PCR or by

immunofluorescence or Western blot analyses. Said activity is preferably

retained to at least some extent when it represents at least 50%, or at least

60%, or at least 70% or at least 80% or at least 90% or at least 95% or more of

corresponding activity of said oligonucleotide the functional equivalent derives

from. Throughout this application, when the word oligonucleotide is used it

may be replaced by a functional equivalent thereof as defined herein.

Hence, the use of an oligonucleotide, or a functional equivalent thereof,

comprising or consisting of a sequence which is complementary to a dystrophin

pre-mRNA exon provides good anti-DMD results. In one preferred embodiment



an oligonucleotide, or a functional equivalent thereof, is used which comprises

or consists of a sequence which is complementary to at least part of dystrophin

pre-mRNA exon 2, 8, 9, 17, 19, 29, 40-46, 48-53, 55 or 59, said part having at

least 13 nucleotides. However, said part may also have at least 14, 15, 16, 17 ,

18, 19, 20, 21, 22, 23, 24, 25, 26, 27 , 28 , 29, 30 nucleotides.

Most preferably an AON is used which comprises or consists of a

sequence which is complementary to at least part of dystrophin pre-mRNA

exon 51, 44, 45, 53, 46, 43, 2, 8, 50 and/or 52, said part having at least 13

nucleotides. However, said part may also have at least 14, 15, 16, 17 , 18, 19,

20, 21, 22, 23, 24, 25, 26, 27 , 28 , 29, 30 nucleotides. Most preferred

oligonucleotides are identified by each of the following sequences SEQ ID NO:

3 to SEQ ID NO: 284. Accordingly, a most preferred oligonucleotide as used

herein is represented by a sequence from SEQ ID NO:3 to SEQ ID NO:284. A

most preferred oligonucleotide as used herein is selected from the group

consisting of SEQ ID NO:3 to NO:284.

Said exons are listed in decreasing order of patient population

applicability. Hence, the use of an AON comprising a sequence which is

complementary to at least part of dystrophin pre-mRNA exon 51 is suitable for

use in a larger part of the DMD patient population as compared to an AON

comprising a sequence which is complementary to dystrophin pre-mRNA exon

44, et cetera.

In a preferred embodiment, an oligonucleotide of the invention which

comprises a sequence that is complementary to part of dystrophin pre-mRNA

is such that the complementary part is at least 50% of the length of the

oligonucleotide of the invention, more preferably at least 60%, even more

preferably at least 70%, even more preferably at least 80%, even more

preferably at least 90% or even more preferably at least 95%, or even more

preferably 98% or more. In a most preferred embodiment, the oligonucleotide

of the invention consists of a sequence that is complementary to part of



dystrophin pre-mRNA as defined herein. For example, an oligonucleotide may

comprise a sequence that is complementary to part of dystrophin pre-mRNA as

defined herein and additional flanking sequences. In a more preferred

embodiment, the length of said complementary part of said oligonucleotide is

of at least 13, 14, 15, 16, 17 , 18, 19, 20, 21, 22, 23, 24, 25, 26, 27 , 28 , 29, 30

nucleotides. Preferably, additional flanking sequences are used to modify the

binding of a protein to the oligonucleotide, or to modify a thermodynamic

property of the oligonucleotide, more preferably to modify target RNA binding

affinity.

One preferred embodiment provides a method, combination, use or

pharmaceutical preparation according to the invention, wherein said

compound for providing said individual with a functional dystrophin protein

comprises an oligonucleotide, or a functional equivalent thereof, which

comprises:

- a sequence which is complementary to a region of a dystrophin pre-mRNA

exon that is hybridized to another part of a dystrophin pre-mRNA exon (closed

structure), and

- a sequence which is complementary to a region of a dystrophin pre-mRNA

exon that is not hybridized in said dystrophin pre-mRNA (open structure).

For this embodiment, reference is made to our WO 2004/083432 patent

application. RNA molecules exhibit strong secondary structures, mostly due to

base pairing of complementary or partly complementary stretches within the

same RNA. It has long since been thought that structures in the RNA play a

role in the function of the RNA. Without being bound by theory, it is believed

that the secondary structure of the RNA of an exon plays a role in structuring

the splicing process. Through its structure, an exon is recognized as a part that

needs to be included in the mRNA. Herein this signalling function is referred

to as an exon inclusion signal. A complementary oligonucleotide of this

embodiment is capable of interfering with the structure of the exon and



thereby capable of interfering with the exon inclusion signal of the exon. It has

been found that many complementary oligonucleotides indeed comprise this

capacity, some more efficient than others. Oligonucleotides of this preferred

embodiment, i.e. those with the said overlap directed towards open and closed

structures in the native exon RNA, are a selection from all possible

oligonucleotides. The selection encompasses oligonucleotides that can

efficiently interfere with an exon inclusion signal. Without being bound by

theory it is thought that the overlap with an open structure improves the

invasion efficiency of the oligonucleotide (i.e. increases the efficiency with

which the oligonucleotide can enter the structure), whereas the overlap with

the closed structure subsequently increases the efficiency of interfering with

the secondary structure of the RNA of the exon, and thereby interfere with the

exon inclusion signal. It is found that the length of the partial

complementarity to both the closed and the open structure is not extremely

restricted. We have observed high efficiencies with oligonucleotides with

variable lengths of complementarity in either structure. The term

complementarity is used herein to refer to a stretch of nucleic acids that can

hybridise to another stretch of nucleic acids under physiological conditions. It

is thus not absolutely required that all the bases in the region of

complementarity are capable of pairing with bases in the opposing strand. For

instance, when designing the oligonucleotide one may want to incorporate for

instance a residue that does not base pair with the base on the complementary

strand. Mismatches may to some extent be allowed, if under the circumstances

in the cell, the stretch of nucleotides is capable of hybridising to the

complementary part. In a preferred embodiment a complementary part (either

to said open or to said closed structure) comprises at least 3, and more

preferably at least 4 consecutive nucleotides. The complementary regions are

preferably designed such that, when combined, they are specific for the exon in

the pre-mRNA. Such specificity may be created with various lengths of

complementary regions as this depends on the actual sequences in other



(pre-)mRNA in the system. The risk that also one or more other pre-mRNA

will be able to hybridise to the oligonucleotide decreases with increasing size of

the oligonucleotide. It is clear that oligonucleotides comprising mismatches in

the region of complementarity but that retain the capacity to hybridise to the

targeted region(s) in the pre-mRNA, can be used in the present invention.

However, preferably at least the complementary parts do not comprise such

mismatches as these typically have a higher efficiency and a higher specificity,

than oligonucleotides having such mismatches in one or more complementary

regions. It is thought that higher hybridisation strengths, (i.e. increasing

number of interactions with the opposing strand) are favourable in increasing

the efficiency of the process of interfering with the splicing machinery of the

system. Preferably, the complementarity is between 90 and 100%. In general

this allows for approximately 1 or 2 mismatch(es) in an oligonucleotide of

around 20 nucleotides

The secondary structure is best analysed in the context of the pre-

mRNA wherein the exon resides. Such structure may be analysed in the actual

RNA. However, it is currently possible to predict the secondary structure of an

RNA molecule (at lowest energy costs) quite well using structure- modelling

programs. A non-limiting example of a suitable program is RNA mfold version

3.1 server 41. A person skilled in the art will be able to predict, with suitable

reproducibility, a likely structure of the exon, given the nucleotide sequence.

Best predictions are obtained when providing such modelling programs with

both the exon and flanking intron sequences. It is typically not necessary to

model the structure of the entire pre-mRNA.

The open and closed structure to which the oligonucleotide is directed,

are preferably adjacent to one another. It is thought that in this way the

annealing of the oligonucleotide to the open structure induces opening of the

closed structure whereupon annealing progresses into this closed structure.

Through this action the previously closed structure assumes a different

conformation. The different conformation results in the disruption of the exon



inclusion signal. However, when potential (cryptic) splice acceptor and/or

donor sequences are present within the targeted exon, occasionally a new exon

inclusion signal is generated defining a different (neo) exon, i.e. with a

different 5' end, a different 3' end, or both. This type of activity is within the

scope of the present invention as the targeted exon is excluded from the

mRNA. The presence of a new exon, containing part of the targeted exon, in

the mRNA does not alter the fact that the targeted exon, as such, is excluded.

The inclusion of a neo-exon can be seen as a side effect which occurs only

occasionally. There are two possibilities when exon skipping is used to restore

(part of) an open reading frame of dystrophin that is disrupted as a result of a

mutation. One is that the neo-exon is functional in the restoration of the

reading frame, whereas in the other case the reading frame is not restored.

When selecting oligonucleotides for restoring dystrophin reading frames by

means of exon-skipping it is of course clear that under these conditions only

those oligonucleotides are selected that indeed result in exon-skipping that

restores the dystrophin open reading frame, with or without a neo-exon.

Further provided is a method, combination, use or pharmaceutical

preparation according to the invention, wherein said compound for providing

said individual with a functional dystrophin protein comprises an

oligonucleotide, or a functional equivalent thereof, which comprises a sequence

that is complementary to a binding site for a serine -arginine (SR) protein in

RNA of an exon of a dystrophin pre-mRNA. In our WO 2006/112705 patent

application we have disclosed the presence of a correlation between the

effectivity of an exon-internal antisense oligonucleotide (AON) in inducing

exon skipping and the presence of a (for example by ESEfinder) predicted SR

binding site in the target pre-mRNA site of said AON. Therefore, in one

embodiment an oligonucleotide is generated comprising determining a

(putative) binding site for an SR (Ser-Arg) protein in RNA of a dystrophin exon

and producing an oligonucleotide that is complementary to said RNA and that



at least partly overlaps said (putative) binding site. The term "at least partly

overlaps" is defined herein as to comprise an overlap of only a single nucleotide

of an SR binding site as well as multiple nucleotides of said binding site as

well as a complete overlap of said binding site. This embodiment preferably

further comprises determining from a secondary structure of said RNA, a

region that is hybridised to another part of said RNA (closed structure) and a

region that is not hybridised in said structure (open structure), and

subsequently generating an oligonucleotide that at least partly overlaps said

(putative) binding site and that overlaps at least part of said closed structure

and overlaps at least part of said open structure. In this way we increase the

chance of obtaining an oligonucleotide that is capable of interfering with the

exon inclusion from the pre-mRNA into mRNA. It is possible that a first

selected SR-binding region does not have the requested open-closed structure

in which case another (second) SR protein binding site is selected which is then

subsequently tested for the presence of an open-closed structure. This process

is continued until a sequence is identified which contains an SR protein

binding site as well as a(n) (partly overlapping) open-closed structure. This

sequence is then used to design an oligonucleotide which is complementary to

said sequence.

Such a method for generating an oligonucleotide is also performed by

reversing the described order, i.e. first generating an oligonucleotide

comprising determining, from a secondary structure of RNA from a dystrophin

exon, a region that assumes a structure that is hybridised to another part of

said RNA (closed structure) and a region that is not hybridised in said

structure (open structure), and subsequently generating an oligonucleotide, of

which at least a part of said oligonucleotide is complementary to said closed

structure and of which at least another part of said oligonucleotide is

complementary to said open structure. This is then followed by determining

whether an SR protein binding site at least overlaps with said open/closed



structure. In this way the method of WO 2004/083432 is improved. In yet

another embodiment the selections are performed simultaneously.

Without wishing to be bound by any theory it is currently thought that

use of an oligonucleotide directed to an SR protein binding site results in (at

least partly) impairing the binding of an SR protein to the binding site of an

SR protein which results in disrupted or impaired splicing.

Preferably, an open/closed structure and an SR protein binding

site partly overlap and even more preferred an open/closed structure

completely overlaps an SR protein binding site or an SR protein binding site

completely overlaps an open/closed structure. This allows for an improved

disruption of exon inclusion.

Besides consensus splice sites sequences, many (if not all) exons contain

splicing regulatory sequences such as exonic splicing enhancer (ESE)

sequences to facilitate the recognition of genuine splice sites by the

spliceosome42' 43. A subgroup of splicing factors, called the SR proteins, can

bind to these ESEs and recruit other splicing factors, such as Ul and U2AF to

(weakly defined) splice sites. The binding sites of the four most abundant SR

proteins (SF2/ASF, SC35, SRp40 and SRp55) have been analyzed in detail and

these results are implemented in ESEfinder, a web source that predicts

potential binding sites for these SR proteins 42' 43. There is a correlation

between the effectiveness of an AON and the presence/absence of an SF2/ASF,

SC35 and SRp40 binding site. In a preferred embodiment, the invention thus

provides a method, combination, use or pharmaceutical preparation as

described above, wherein said SR protein is SF2/ASF or SC35 or SRp40.

In one embodiment a DMD patient is provided with a functional

dystrophin protein by using an oligonucleotide, or a functional equivalent

thereof, which is capable of specifically binding a regulatory RNA sequence

which is required for the correct splicing of a dystrophin exon in a transcript.



Several cis-acting RNA sequences are required for the correct splicing of exons

in a transcript. In particular, supplementary elements such as intronic or

exonic splicing enhancers (ISEs and ESEs) or silencers (ISSs and ESEs) are

identified to regulate specific and efficient splicing of constitutive and

alternative exons. Using sequence- specific antisense oligonucleotides (AONs)

that bind to the elements, their regulatory function is disturbed so that the

exon is skipped, as shown for DMD. Hence, in one preferred embodiment an

oligonucleotide or functional equivalent thereof is used which is

complementary to an intronic splicing enhancer (ISE), an exonic splicing

enhancer (ESE), an intronic splicing silencer (ISS) and/or an exonic splicing

silencer (ESS). As already described herein before, a dystrophin exon is in one

preferred embodiment skipped by an agent capable of specifically inhibiting an

exon inclusion signal of said exon, so that said exon is not recognized by the

splicing machinery as a part that needs to be included in the mRNA. As a

result, a mRNA without said exon is formed.

An AON used in a method of the invention is preferably complementary

to a consecutive part of between 13 and 50 nucleotides of dystrophin exon RNA

or dystrophin intron RNA. In one embodiment an AON used in a method of the

invention is complementary to a consecutive part of between 16 and 50

nucleotides of a dystrophin exon RNA or dystrophin intron RNA. Preferably,

said AON is complementary to a consecutive part of between 15 and 25

nucleotides of said exon RNA. More preferably, an AON is used which

comprises a sequence which is complementary to a consecutive part of between

20 and 25 nucleotides of a dystrophin exon RNA or a dystrophin intron RNA.

Different types of nucleic acid may be used to generate the

oligonucleotide. Preferably, said oligonucleotide comprises RNA, as RNA/RNA

hybrids are very stable. Since one of the aims of the exon skipping technique is

to direct splicing in subjects it is preferred that the oligonucleotide RNA



comprises a modification providing the RNA with an additional property, for

instance resistance to endonucleases and RNaseH, additional hybridisation

strength, increased stability (for instance in a bodily fluid), increased or

decreased flexibility, reduced toxicity, increased intracellular transport, tissue-

specificity, etc. Preferably said modification comprises a 2'-O-methyl-

phosphorothioate oligoribonucleotide modification. Preferably said

modification comprises a 2'-O-methyl-phosphorothioate

oligodeoxyribonucleotide modification. One embodiment thus provides a

method, combination, use or pharmaceutical preparation according to the

invention, wherein an oligonucleotide is used which comprises RNA which

contains a modification, preferably a 2'-O-methyl modified ribose (RNA) or

deoxyribose (DNA) modification.

In one embodiment the invention provides a hybrid oligonucleotide

comprising an oligonucleotide comprising a 2'-O-methyl-phosphorothioate

oligo(deoxy)ribonucleotide modification and locked nucleic acid. This particular

combination comprises better sequence specificity compared to an equivalent

consisting of locked nucleic acid, and comprises improved effectivity when

compared with an oligonucleotide consisting of 2'-O-methyl-phosphorothioate

oligo(deoxy)ribonucleotide modification.

With the advent of nucleic acid mimicking technology it has become

possible to generate molecules that have a similar, preferably the same

hybridisation characteristics in kind not necessarily in amount as nucleic acid

itself. Such functional equivalents are of course also suitable for use in a

method of the invention. Preferred examples of functional equivalents of an

oligonucleotide are peptide nucleic acid and/or locked nucleic acid. Most

preferably, a morpholino phosphorodiamidate is used. Suitable but non-

limiting examples of equivalents of oligonucleotides of the invention can be

found in44 50. Hybrids between one or more of the equivalents among each

other and/or together with nucleic acid are of course also suitable. In a

preferred embodiment locked nucleic acid is used as a functional equivalent of



an oligonucleotide, as locked nucleic acid displays a higher target affinity and

reduced toxicity and therefore shows a higher efficiency of exon skipping.

In one embodiment an oligonucleotide, or a functional equivalent

thereof, which is capable of inhibiting inclusion of a dystrophin exon into

dystrophin mRNA is combined with at least one other oligonucleotide, or

functional equivalent thereof, that is capable of inhibiting inclusion of another

dystrophin exon into dystrophin mRNA. This way, inclusion of two or more

exons of a dystrophin pre-mRNA in mRNA produced from this pre-mRNA is

prevented. This embodiment is further referred to as double- or multi-exon

skipping2' 15 . In most cases double-exon skipping results in the exclusion of

only the two targeted exons from the dystrophin pre-mRNA. However, in other

cases it was found that the targeted exons and the entire region in between

said exons in said pre-mRNA were not present in the produced mRNA even

when other exons (intervening exons) were present in such region. This multi-

skipping was notably so for the combination of oligonucleotides derived from

the DMD gene, wherein one oligonucleotide for exon 45 and one oligonucleotide

for exon 51 was added to a cell transcribing the DMD gene. Such a set-up

resulted in mRNA being produced that did not contain exons 45 to 51.

Apparently, the structure of the pre-mRNA in the presence of the mentioned

oligonucleotides was such that the splicing machinery was stimulated to

connect exons 44 and 52 to each other.

Further provided is therefore a method, combination, use or

pharmaceutical preparation according to the invention, wherein a nucleotide

sequence is used which comprises at least 8, preferably between 16 to 80,

consecutive nucleotides that are complementary to a first exon of a dystrophin

pre-mRNA and wherein a nucleotide sequence is used which comprises at least

8, preferably between 16 to 80, consecutive nucleotides that are

complementary to a second exon of said dystrophin pre-mRNA.



In one preferred embodiment said first and said second exon are

separated in said dystrophin pre-mRNA by at least one exon to which said

oligonucleotide is not complementary.

It is possible to specifically promote the skipping of also the intervening

exons by providing a linkage between the two complementary oligonucleotides.

Hence, in one embodiment stretches of nucleotides complementary to at least

two dystrophin exons are separated by a linking moiety. The at least two

stretches of nucleotides are thus linked in this embodiment so as to form a

single molecule. Further provided is therefore a method, combination, use or

pharmaceutical preparation according to the invention wherein said

oligonucleotide, or functional equivalent thereof, for providing said individual

with a functional dystrophin protein is complementary to at least two exons in

a dystrophin pre-mRNA, said oligonucleotide or functional equivalent

comprising at least two parts wherein a first part comprises an oligonucleotide

having at least 8, preferably between 16 to 80, consecutive nucleotides that are

complementary to a first of said at least two exons and wherein a second part

comprises an oligonucleotide having at least 8, preferably between 16 to 80,

consecutive nucleotides that are complementary to a second exon in said

dystrophin pre-mRNA. The linkage may be through any means but is

preferably accomplished through a nucleotide linkage. In the latter case the

number of nucleotides that do not contain an overlap between one or the other

complementary exon can be zero, but is preferably between 4 to 40 nucleotides.

The linking moiety can be any type of moiety capable of linking

oligonucleotides. Preferably, said linking moiety comprises at least 4 uracil

nucleotides. Currently, many different compounds are available that mimic

hybridisation characteristics of oligonucleotides. Such a compound, called

herein a functional equivalent of an oligonucleotide, is also suitable for the

present invention if such equivalent comprises similar hybridisation

characteristics in kind not necessarily in amount. Suitable functional



equivalents are mentioned earlier in this description. As mentioned,

oligonucleotides of the invention do not have to consist of only oligonucleotides

that contribute to hybridisation to the targeted exon. There may be additional

material and/or nucleotides added.

The DMD gene is a large gene, with many different exons. Considering

that the gene is located on the X-chromosome, it is mostly boys that are

affected, although girls can also be affected by the disease, as they may receive

a bad copy of the gene from both parents, or are suffering from a particularly

biased inactivation of the functional allele due to a particularly biased X

chromosome inactivation in their muscle cells. The protein is encoded by a

plurality of exons (79) over a range of at least 2,6 Mb. Defects may occur in any

part of the DMD gene. Skipping of a particular exon or particular exons can,

very often, result in a restructured mRNA that encodes a shorter than normal

but at least partially functional dystrophin protein. A practical problem in the

development of a medicament based on exon-skipping technology is the

plurality of mutations that may result in a deficiency in functional dystrophin

protein in the cell. Despite the fact that already multiple different mutations

can be corrected for by the skipping of a single exon, this plurality of

mutations, requires the generation of a large number of different

pharmaceuticals as for different mutations different exons need to be skipped.

An advantage of a compound capable of inducing skipping of two or more

exons, is that more than one exon can be skipped with a single pharmaceutical.

This property is not only practically very useful in that only a limited number

of pharmaceuticals need to be generated for treating many different DMD or

particular, severe BMD mutations. Another option now open to the person

skilled in the art is to select particularly functional restructured dystrophin

proteins and produce compounds capable of generating these preferred

dystrophin proteins. Such preferred end results are further referred to as mild

phenotype dystrophins.



Each compound, an oligonucleotide and/or an adjunct compound as

defined herein for use according to the invention may be suitable for direct

administration to a cell, tissue and/or an organ in vivo of individuals affected

by or at risk of developing DMD or BMD, and may be administered directly in

vivo, ex vivo or in vitro.

Alternatively, suitable means for providing cells with an oligonucleotide

or equivalent thereof are present in the art. An oligonucleotide or functional

equivalent thereof may for example be provided to a cell in the form of an

expression vector wherein the expression vector encodes a transcript

comprising said oligonucleotide. The expression vector is preferably introduced

into the cell via a gene delivery vehicle. A preferred delivery vehicle is a viral

vector such as an adeno-associated virus vector (AAV), or a retroviral vector

such as a lentivirus vector4' 51 52 and the like. Also plasmids, artificial

chromosomes, plasmids suitable for targeted homologous recombination and

integration in the human genome of cells may be suitably applied for delivery

of an oligonucleotide as defined herein. Preferred for the current invention are

those vectors wherein transcription is driven from PoIIII promoters, and/or

wherein transcripts are in the form fusions with Ul or U7 transcripts, which

yield good results for delivering small transcripts. It is within the skill of the

artisan to design suitable transcripts. Preferred are PoIIII driven transcripts.

Preferably in the form of a fusion transcript with an Ulor U7 transcript 4' 51 52 .

Such fusions may be generated as described 53' 54 . The oligonucleotide may be

delivered as is. However, the oligonucleotide may also be encoded by the viral

vector. Typically this is in the form of an RNA transcript that comprises the

sequence of the oligonucleotide in a part of the transcript.

Improvements in means for providing cells with an oligonucleotide or

equivalent thereof, are anticipated considering the progress that has already

thus far been achieved. Such future improvements may of course be



incorporated to achieve the mentioned effect on restructuring of mRNA using a

method of the invention. The oligonucleotide or equivalent thereof can be

delivered as is to the cells. When administering the oligonucleotide or

equivalent thereof to an individual, it is preferred that the oligonucleotide is

dissolved in a solution that is compatible with the delivery method. For

intravenous, subcutaneous, intramuscular, intrathecal and/or intraventricular

administration it is preferred that the solution is a physiological salt solution.

Particularly preferred for a method of the invention is the use of an excipient

that will aid in delivery of a compound as defined herein, preferably an

oligonucleotide and optionally together with an adjunct compound to a cell and

into a cell, preferably a muscle cell. Preferred are excipients capable of forming

complexes, vesicles and/or liposomes that deliver such a compound as defined

herein, preferably an oligonucleotide and optionally together with an adjunct

compound complexed or trapped in a vesicle or liposome through a cell

membrane. Many of these excipients are known in the art. Suitable excipients

comprise polyethylenimine (PEI), or similar cationic polymers, including

polypropyleneimine or polyethylenimine copolymers (PECs) and derivatives,

ExGen 500, synthetic amphiphils (SAINT-18), lipofectinTM, DOTAP and/or

viral capsid proteins that are capable of self assembly into particles that can

deliver such compounds, preferably an oligonucleotide and optionally together

with an adjunct compound as defined herein to a cell, preferably a muscle cell.

Such excipients have been shown to efficiently deliver (oligonucleotide such as

antisense) nucleic acids to a wide variety of cultured cells, including muscle

cells. Their high transfection potential is combined with an excepted low to

moderate toxicity in terms of overall cell survival. The ease of structural

modification can be used to allow further modifications and the analysis of

their further (in vivo) nucleic acid transfer characteristics and toxicity.

Lipofectin represents an example of a liposomal transfection agent. It

consists of two lipid components, a cationic lipid N-[l-(2,3 dioleoyloxy)propyl]-

N,N,N-trimethylammonium chloride (DOTMA) (cp. DOTAP which is the



methylsulfate salt) and a neutral lipid dioleoylphosphatidylethanolamine

(DOPE). The neutral component mediates the intracellular release. Another

group of delivery systems are polymeric nanoparticles.

Polycations such like diethylaminoethylaminoethyl (DEAE)-dextran,

which are well known as DNA transfection reagent can be combined with

butylcyanoacrylate (PBCA) and hexylcyanoacrylate (PHCA) to formulate

cationic nanoparticles that can deliver a compound as defined herein,

preferably an oligonucleotide and optionally together with an adjunct

compound across cell membranes into cells.

In addition to these common nanoparticle materials, the cationic peptide

protamine offers an alternative approach to formulate a compound as defined

herein, preferably an oligonucleotide and optionally together with an adjunct

compound as colloids. This colloidal nanoparticle system can form so called

proticles, which can be prepared by a simple self-assembly process to package

and mediate intracellular release of a compound as defined herein, preferably

an oligonucleotide and optionally together with an adjunct compound. The

skilled person may select and adapt any of the above or other commercially

available alternative excipients and delivery systems to package and deliver a

compound as defined herein, preferably an oligonucleotide and optionally

together with an adjunct compound for use in the current invention to deliver

said compound for the treatment of Duchenne Muscular Dystrophy or Becker

Muscular Dystrophy in humans.

In addition, a compound as defined herein, preferably an oligonucleotide

and optionally together with an adjunct compound could be covalently or non-

covalently linked to a targeting ligand specifically designed to facilitate the

uptake in to the cell, cytoplasm and/or its nucleus. Such ligand could comprise

(i) a compound (including but not limited to peptide(-like) structures)

recognising cell, tissue or organ specific elements facilitating cellular uptake

and/or (ii) a chemical compound able to facilitate the uptake in to cells and/or

the intracellular release of an a compound as defined herein, preferably an



oligonucleotide and optionally together with an adjunct compound from

vesicles, e.g. endosomes or lysosomes.

Therefore, in a preferred embodiment, a compound as defined herein,

preferably an oligonucleotide and optionally together with an adjunct

compound are formulated in a medicament which is provided with at least an

excipient and/or a targeting ligand for delivery and/or a delivery device of said

compound to a cell and/or enhancing its intracellular delivery. Accordingly, the

invention also encompasses a pharmaceutically acceptable composition

comprising a compound as defined herein, preferably an oligonucleotide and

optionally together with an adjunct compound and further comprising at least

one excipient and/or a targeting ligand for delivery and/or a delivery device of

said compound to a cell and/or enhancing its intracellular delivery.

It is to be understood that an oligonucleotide and an adjunct compound may

not be formulated in one single composition or preparation. Depending on their

identity, the skilled person will know which type of formulation is the most

appropriate for each compound.

In a preferred embodiment the invention provides a kit of parts

comprising a compound for providing an individual with a functional

dystrophin protein and an adjunct compound for reducing inflammation,

preferably for reducing muscle tissue inflammation, and/or an adjunct

compound for improving muscle fiber function, integrity and/or survival.

In a preferred embodiment, a concentration of an oligonucleotide as

defined herein, which is ranged between about 0.1 nM and about 1 DM is used.

More preferably, the concentration used is ranged between about 0.3 to about

400 nM, even more preferably between about 1 to about 200 nM. If several

oligonucleotides are used, this concentration may refer to the total

concentration of oligonucleotides or the concentration of each oligonucleotide

added. The ranges of concentration of oligonucleotide(s) as given above are

preferred concentrations for in vitro or ex vivo uses. The skilled person will

understand that depending on the oligonucleotide(s) used, the target cell to be



treated, the gene target and its expression levels, the medium used and the

transfection and incubation conditions, the concentration of oligonucleotide(s)

used may further vary and may need to be optimised any further.

More preferably, a compound preferably an oligonucleotide and an

adjunct compound to be used in the invention to prevent, treat DMD or BMD

are synthetically produced and administered directly to a cell, a tissue, an

organ and/or patients in formulated form in a pharmaceutically acceptable

composition or preparation. The delivery of a pharmaceutical composition to

the subject is preferably carried out by one or more parenteral injections, e.g.

intravenous and/or subcutaneous and/or intramuscular and/or intrathecal

and/or intraventricular administrations, preferably injections, at one or at

multiple sites in the human body.

Besides exon skipping, it is also possible to provide a DMD patient with

a functional dystrophin protein with a therapy based on read-through of

stopcodons. Compounds capable of suppressing stopcodons are particularly

suitable for a subgroup of DMD patients which is affected by nonsense

mutations (~7%) resulting in the formation of a stop codon within their

dystrophin gene. In one embodiment said compound capable of suppressing

stopcodons comprises the antibiotic gentamicin. In a recent study in mdx mice,

gentamicin treatment induced novel dystrophin expression up to 20% of

normal level, albeit with variability among animals. Human trials with

gentamicin have however been inconclusive55. PTC124 belongs to a new class

of small molecules that mimics at lower concentrations the readthrough

activity of gentamicin. Administration of PTC124 resulted in the production of

full-length and functionally active dystrophin both in vitro and in mdx mice16.

Phase I/II trials with PTC124 are currently ongoing, not only for application in

DMD but also for cystric fibrosis16' 17. The references 16 and 17 also describe

preferred dosages of the PCT124 compound for use in the present invention.

Further provided is therefore a method, combination, use or pharmaceutical



preparation according to the invention, wherein said compound for providing

said individual with a functional dystrophin protein comprises a compound for

suppressing stop codons. Said compound for suppressing stop codons

preferably comprises gentamicin, PTC124 or a functional equivalent thereof.

Most preferably, said compound comprises PTC124.

In one embodiment an individual is provided with a functional

dystrophin protein using a vector, preferably a viral vector, comprising a

micro-mini-dystrophin gene. Most preferably, a recombinant adeno-associated

viral (rAAV) vector is used. AAV is a single-stranded DNA parvovirus that is

non-pathogenic and shows a helper- dependent life cycle. In contrast to other

viruses (adenovirus, retrovirus, and herpes simplex virus), rAAVvectors have

demonstrated to be very efficient in transducing mature skeletal muscle.

Application of rAAV in classical DMD "gene addition" studies has been

hindered by its restricted packaging limits (< 5 kb). Therefore, rAAV is

preferably applied for the efficient delivery of a much smaller micro- or mini-

dystrophin gene. Administration of such micro- or mini-dystrophin gene

results in the presence of a at least parially functional dystrophin protein.

Reference is made to18 20.

A compound for providing an individual with a functional dystrophin

protein and at least one adjunct compound according to the invention can be

administered to an individual in any order. In one embodiment, said compound

for providing an individual with a functional dystrophin protein and said at

least one adjunct compound are administered simultaneously (meaning that

said compounds are administered within 10 hours, preferably within one

hour). This is however not necessary. In one embodiment at least one adjunct

compound is administered to an individual in need thereof before

administration of a compound for providing an individual with a functional

dystrophin protein. Further provided is therefore a method according to the



invention, comprising:

- administering to an individual in need thereof an adjunct compound for

reducing inflammation, preferably for reducing muscle tissue inflammation,

and/or administering to said individual an adjunct compound for improving

muscle fiber function, integrity and/or survival, and, subsequently,

- administering to said individual a compound for providing said individual

with a functional dystrophin protein.

In yet another embodiment, said compound for providing an individual

with a functional dystrophin protein is administered before administration of

said at least one adjunct compound.

Further provided is a method for at least in part increasing the

production of a functional dystrophin protein in a cell, said cell comprising

pre-mRNA of a dystrophin gene encoding aberrant dystrophin protein, the

method comprising:

providing said cell with a compound for inhibiting inclusion of an exon

into mRNA produced from splicing of said dystrophin pre-mRNA, and

providing said cell with an adjunct compound for reducing

inflammation, preferably for reducing muscle tissue inflammation, and/or

providing said cell with an adjunct compound for improving muscle fiber

function, integrity and/or survival,

the method further comprising allowing translation of mRNA produced from

splicing of said pre-mRNA. In one embodiment said method is performed in

vitro, for instance using a cell culture.

In this context, increasing the production of a functional dystrophin

protein has been earlier defined herein.

Unless otherwise indicated each embodiment as described herein may

be combined with another embodiment as described herein.

In this document and in its claims, the verb "to comprise" and its

conjugations is used in its non-limiting sense to mean that items following the



word are included, but items not specifically mentioned are not excluded. In

addition the verb "to consist" may be replaced by "to consist essentially of

meaning that a compound or adjunct compound as defined herein may

comprise additional component(s) than the ones specifically identified, said

additional component(s) not altering the unique characteristic of the invention.

In addition, reference to an element by the indefinite article "a" or "an"

does not exclude the possibility that more than one of the element is present,

unless the context clearly requires that there be one and only one of the

elements. The indefinite article "a" or "an" thus usually means "at least one".

The word "approximately" or "about" when used in association with a

numerical value (approximately 10, about 10) preferably means that the value

may be the given value of 10 more or less 1% of the value.

All patent and literature references cited in the present specification are

hereby incorporated by reference in their entirety.

The invention is further explained in the following examples. These

examples do not limit the scope of the invention, but merely serve to clarify the

invention.



Brief description of the drawings

Figure 1. Schematic Representation of Exon Skipping.

In a patient with Duchenne's muscular dystrophy who has a deletion of exon

50, an out-of-frame transcript is generated in which exon 49 is spliced to exon

51 (Panel A). As a result, a stop codon is generated in exon 51, which

prematurely aborts dystrophin synthesis. The sequence- specific binding of the

exon-internal antisense oligonucleotide PRO051 interferes with the correct

inclusion of exon 51 during splicing so that the exon is actually skipped (Panel

B). This restores the open reading frame of the transcript and allows the

synthesis of a dystrophin similar to that in patients with Becker's muscular

dystrophy (BMD).

Figure 2. Prescreening Studies of the Four Patients.

Magnetic resonance images of the lower legs of the four patients (the left leg of

Patient 3 and right legs of the other three patients) show the adequate

condition

of the tibialis anterior muscle (less than 50% fat infiltration and fibrosis)

(Panel A). The diagnosis of Duchenne's muscular dystrophy in these patients

was confirmed by diaminobenzidine tetrahydrochloride staining of cross

sections of biopsy specimens obtained previously from the quadriceps muscle

(Panel B). No dystrophin expression was observed, with the exception of one

dystrophin-positive, or revertant, fiber in Patient 2 (arrow). Reverse-

transcriptase—polymerasechain-reaction (RT-PCR) analysis of the transcript

region flanking the patients' mutations and exon 51 confirmed both the

individual mutations in nontreated myotubes (NT) and the positive response to

PRO051 (i.e., exon 51 skipping) in treated myotubes (T) on the

RNA level (Panel C). The efficiencies of exon skipping were 49% for Patient 1,

84% for Patient 2, 58% for Patient 3, and 90% for Patient 4 . A cryptic splice

site within exon 51 is sometimes activated by PRO051 in cell culture, resulting



in an extra aberrant splicing product, as seen in the treated sample from

Patient 4 . Lane M shows a 100-bp size marker, and lane C RNA from healthy

control muscle. Sequence analysis of the

RT-PCR fragments from treated and untreated myotubes identified the precise

skipping of exon 51 for each patient (Panel D). The new in-frame transcripts

led to substantial dystrophin synthesis, as detected by immunofluorescence

analysis of treated myotubes with the use of monoclonal antibody NCL-DYS2

(Panel E).

No dystrophin was detected before treatment

Figure 3. RT-PCR Analysis of RNA Isolated from Serial Sections of Biopsy

Specimens from the Patients.

After treatment with PRO051, reverse-transcriptase—polymerase-chain-

reaction (RT-PCR) analysis shows novel, shorter transcript fragments for each

patient. Both the size and sequence of these fragments confirm the precise

skipping of exon 51. No additional splice variants were observed. At 28 days,

still significant in-frame RNA transcripts were detected, suggesting prolonged

persistence of PRO051 in muscle. Owing to the small amount of section

material, high-sensitivity PCR conditions were used; this process precluded

the accurate quantification of skipping efficiencies and the meaningful

correlation between levels of RNA and protein. M denotes size marker, and C

control.

Figure 4. Dystrophin-Restoring Effect of a Single Intramuscular Dose of

PRO051.

Immunofluorescence analysis with the use of the dystrophin antibody

MANDYS106 clearly shows dystrophin expression at the membranes of the

majority of fibers throughout the biopsy specimen obtained from each patient

(Panel A). The areas indicated by the squares are shown in higher

magnification in Panel B. For comparison, a sample from an untreated patient



with Duchenne's muscular dystrophy (DMD) and a healthy control sample

from gastrocnemius muscle (HC) are included with the samples from the

patients. Putative revertant fibers are indicated by arrows. The total number

of muscle fibers that contained dystrophin and laminin α2 were counted

manually and the ratios of dystrophin to laminin α2 were plotted (Panel C).

Western blot analysis of total protein extracts isolated from the patients'

biopsy specimens with the use of NCL-DYSl antibody show restored

dystrophin expression in all patients (Panel E). For each patient, 30 µg (right

lane) and 60 µg (left lane) were loaded; for comparison, 3 µg of total protein

from a healthy gastrocnemius muscle sample was also loaded (to avoid

overexposure). Because of the relatively small deletions in the DMD gene of

these patients, no differences were observed in protein sizes. In Patient 1, a

transfer irregularity disturbed signal detection in the 60-µg lane. To correct for

the varying density of muscle fibers in the different cross sections, the total

fluorescent dystrophin signal (area percentage) in each section was plotted as

a ratio to the area percentage of laminin α2 (Panel D).

Figure 5. Exon 23 skipping levels on RNA level in different muscle groups (Q:

quadriceps muscle; TA: tibialis anterior muscle; DIA: diaphragm muscle) in

mdx mice (two mice per group) treated with PS49 alone (group 3) or with PS49

and prednisolone (group4).

Figure 6A,B. In muscle cells, DMD gene exon 44 (A) or exon 45 (B) skipping

levels are enhanced with increasing concentrations of pentoxyfilline (from 0 to

0.5 mg/ml). Figuur 6C Exon 23 skipping levels on RNA level in different

muscle groups (Q: quadriceps muscle; TA: tibialis anterior muscle; Tri: triceps

muscle; HRT: heart muscle) in mdx mice (two mice per group) treated with

PS49 alone (group 3) or with PS49 and pentoxyfilline (group4).



Figure 7. Dystrophin (DMD) gene amino acid sequence

Figure 8. Human IGF-I Isoform 4 amino acid sequence.

Figure 9. Various oligonucleotides directed against the indicated exons of the

dystrophin (DMD)-gene



Examples

Example 1

In a recent clinical study the local safety, tolerability, and dystrophin-restoring

effect of antisense compound PROOδlwas assessed. The clinical study was

recently published. The content of the publication is reproduced herein under

example IA. In brief, PRO051 is a synthetic, modified RNA molecule with

sequence 5'-UCA AGG AAG AUG GCA UUU CU-3', and designed to

specifically induce exon 51 skipping 59 . It carries full-length 2'-O-methyl

substituted ribose moieties and phosphorothioate internucleotide linkages.

Four DMD patients with different specific DMD gene deletions correctible by

exon 51 skipping were included. At day 0, a series of safety parameters was

assessed. The patient's leg (i.e. tibialis anterior muscle) was fixed with a tailor -

made plastic mould and its position was carefully recorded. A topical

anesthetic (EMLA) was used to numb the skin. Four injections of PRO051

were given along a line of 1.5 cm between two small skin tattoos, using a 2.5

cm electromyographic needle (MyoJect Disposable Hypodermic Needle

Electrode, TECA Accessories) to ensure intramuscular delivery. Each injection

volume was 200 µl , containing 200 µg PRO051, dispersed in equal portions at

angles of approximately 30 degrees. At day 28, the same series of safety

parameters was assessed again. The leg was positioned using the patient's own

mould, and a semi-open muscle biopsy was taken between the tattoos under

local anesthesia using a forceps with two sharp-edged jaws (Blakesley

Conchotoma, DK Instruments). The biopsy was snap-frozen in liquid nitrogen-

cooled 2-methylbutane. Patients were treated sequentially. At the time of

study, two patients (nr. 1 and 2) were also on corticosteroids (prednisone or

deflazacort), one had just stopped steroid treatment (nr.4) and one patient

never used steroids (nr.3) (see Table 1). This latter patient was also the one

who lost ambulance at the youngest age when compared to the other three



patients. The biopsy was analysed, for detection of specific exon skipping on

RNA level (RT-PCR analysis, not shown) and novel expression of dystrophin on

protein level (immunofluorescence and western blot analyses, summarized in

Table 1). Assessment of the series of safety parameters (routine plasma and

urine parameters for renal and liver function, electrolyte levels, blood cell

counts, hemoglobin, aPTT, AP50 and CH50 values) before and after treatment,

indicated that the PRO051 compound was locally safe and well tolerated. For

immunofluorescence analysis, acetone-fixed cross- sections of the biopsy were

incubated for 90 minutes with monoclonal antibodies against the central rod

domain (MANDYS106, Dr. G. Morris, UK, 1:60), the C-terminal domain (NCL-

DYS2, Novocastra Laboratories Ltd., 1:30) or, as reference, laminin- α2

(Chemicon International, Inc, 1:150), followed by Alexa Fluor 488 goat anti-

mouse IgG (H+L) (Molecular Probes, Inc, 1:250) antibody for one hour.

Sections were mounted with Vectashield Mounting Medium (Vector

Laboratories Inc.). For quantitative image analysis the ImageJ software (W.

Rasband, NIH, USA; http://rsb.info.nih.gov/ij) was used as described 60
'
61.

Entire cross-sections were subdivided into series of 6-10 adjacent images,

depending on section size. To ensure reliable measurements, staining of the

sections and recording of all images was performed in one session, using fixed

exposure settings, and avoiding pixel saturation. The lower intensity threshold

was set at Duchenne muscular dystrophy background, and positive

fluorescence was quantified for each section (area percentage), both for

dystrophin and laminin- α2 . Western blot analysis was performed as

described 1,using pooled homogenates from sets of four serial 50 µm sections

throughout the biopsy. For the patients 30 and 60 µg total protein was applied

and for the control sample 3 µg . The blot was incubated overnight with

dystrophin monoclonal antibody NCL-DYSl (Novocastra Laboratories, 1:125),

followed by goat anti-mouse IgG-HRP (Santa Cruz Biotechnology, 1:10.000) for

one hour. Immuno-reactive bands were visualized using the ECL Plus Western



Blotting Detection System (GE Healthcare) and Hyperfilm ECL (Amersham,

Biosciences). Signal intensities were measured using ImageJ .

Novel dystrophin protein expression at the sarcolemma was detected in the

majority of muscle fibers in the treated area in all four patients. The fibers in

each section were manually counted after staining for Iaminin- α2, a basal

lamina protein unaffected by dystrophin deficiency. The individual numbers

varied, consistent with the biopsy size and the quality of the patients' muscles.

In the largest sections, patient 2 had 726 fibers, of which 620 were dystrophin-

positive, while patient 3 had 120 fibers, of which 117 were dystrophin-positive.

The dystrophin intensities were typically lower than those in a healthy muscle

biopsy. Western blot analysis confirmed the presence of dystrophin in varying

amounts. The dystrophin signals were scanned and correlated to the control

(per µg total protein). The amounts varied from 3% in patient 3 with the most

dystrophic muscle, to 12% in patient 2 with the best preserved muscle. Since

such comparison based on total protein does not correct for the varying

amounts of fibrotic and adipose tissue in Duchenne muscular dystrophy

patients, we also quantified the dystrophin fluorescence signal relative to that

of the similarly-located Iaminin- α2 in each section, by ImageJ analysis. When

this dystrophin/laminin- α2 ratio was set at 100% for the control section, the

two patients that were co-treated with corticosteroids showed the highest

percentages of dystrophin, 32% in patient 1 and 35% in patient 2 (Table 1).

The lowest percentage of dystrophin was detected in patient 3, 17%. In patient

4 an intermediate percentage of 25% was observed. These percentages

correlated to the relative quality of the target muscle, which was best in

patients nr. 1 and 2, and worst in patient nr.3.



Conclusion: the effect of the PRO051 antisense compound was more prominent

in those patients that were also subjected to corticosteroids.

Example IA

Reproduced from Van Deutekom J C et al, (2007) Antisense Oligonucleotide

PRO051 Restores Local Dystrophin in DMD Patients. N Engl J Med., 357(26):

2677-86.

Methods

Patients and Study Design

Patients with Duchenne's muscular dystrophy who were between the ages of 8

and 16 years were eligible to participate in the study. All patients had

deletions that were correctable by exon-51 skipping and had no evidence of

dystrophin on previous diagnostic muscle biopsy. Concurrent glucocorticoid

treatment was allowed. Written informed consent was obtained from the

patients or their parents, as appropriate. During the prescreening period (up to

60 days), each patient's mutational status and positive exon-skipping response

to PRO051 in vitro were confirmed, and the condition of the tibialis anterior

muscle was determined by Ti-weighted magnetic resonance imaging (MRI). 62

For patients to be included in the study, fibrotic and adipose tissue could make

up no more than 50% of their target muscle.



During the baseline visit, safety measures were assessed. In each patient, the

leg that was to be injected was fixed with a tailor-made plastic mold and its

position was recorded. Atopical eutectic mixture of local anesthetics (EMLA)

was used to numb the skin. Four injections of PRO051 were given along a line

measuring 1.5 cm running between two small skin tattoos with the use of a

2.5-cm electromyographic needle (MyoJect Disposable Hypodermic Needle

Electrode, TECA Accessories) to ensure intramuscular delivery. The volume of

each injection was 200 µl containing 200 µg of PRO051, which was dispersed in

equal portions at angles of approximately 30 degrees.

At day 28, safety measures were assessed again. The leg that had been injected

was positioned with the use of the patient's own mold, and a semiopen muscle

biopsy was performed between the tattoos under local anesthesia with a

forceps with two sharp-edged jaws (Blakesley Conchotoma, DK Instruments). 63

The biopsy specimen was snap-frozen in 2-methylbutane cooled in liquid

nitrogen.

Patients were treated sequentially from May 2006 through March 2007 and in

compliance with Good Clinical Practice guidelines and the provisions of the

Declaration of Helsinki. The study was approved by the Dutch Central

Committee on Research Involving Human Subjects and by the local

institutional review board at Leiden University Medical Center. All authors

contributed to the study design, participated in the collection and analysis of

the data, had complete and free access to the data, jointly wrote the

manuscript, and vouch for the completeness and accuracy of the data and

analyses presented.

Description of PRO051

PRO051 is a synthetic, modified RNA molecule with sequence 5'-

UCAAGGAAGAUGGCAUUUCU-S'.12 It carries full-length 2'-O-methyl-

substituted ribose molecules and phosphorothioate internucleotide linkages.



The drug was provided by Prosensa B.V. in vials of 1 mg of freeze-dried

material with no excipient. It was dissolved and administered in sterile,

unpreserved saline (0.9% sodium chloride). PRO051 was not found to be

mutagenic by bacterial Ames testing. In regulatory Good Laboratory Practice

safety studies, rats that received a single administration of up to 8 mg per

kilogram of body weight intramuscularly and 50 mg per kilogram

intravenously showed no adverse effects; monkeys receiving PRO051 for 1

month appeared to tolerate doses up to 16 mg per kilogram per week when the

drug was administered by intravenous 1-hour infusion or by subcutaneous

injection, without clinically relevant adverse effects.

In Vitro Prescreening

A preexisting primary myoblast culture 1 was used for the prescreening of

Patient 4 . For the other three patients, fibroblasts were converted into

myogenic cells after infection with an adenoviral vector containing the gene for

the myogenic transcription factor (MyoD) as described previously. 1
'

64 65

Myotube cultures were transfected with PRO051 (100 nM) and

polyethylenimine (2 µlper microgram of PRO051), according to the

manufacturer's instructions for ExGenδOO (MBI Fermentas). RNA was isolated

after 48 hours. Reverse transcriptase-polymerase chain reaction (RT-PCR),

immunofluorescence, and Western blot analyses were performed as reported

previously 1'12 PCR fragments were analyzed with the use of the 2100

Bioanalyzer (Agilent) and isolated for sequencing by the Leiden Genome

Technology Center.

Safety Assessment

At baseline and at 2 hours, 1 day, and 28 days after injection, all patients

received a full physical examination (including the measurement of vital signs)

and underwent electrocardiography. In addition, plasma and urine were

obtained to determine renal and liver function, electrolyte levels, complete cell



counts, the activated partial-thromboplastin time, and complement activity

values in the classical (CH50) and alternative (AP50) routes. The use of

concomitant medications was recorded. At baseline and on day 28, the strength

of the tibialis anterior muscle was assessed with the use of the Medical

Research Council scale66 to evaluate whether the procedures had affected

muscle performance. (On this scale, a score of 0 indicates no movement and a

score of 5 indicates normal muscle strength.) Since only a small area of the

muscle was treated, clinical benefit in terms of increased muscle strength was

not expected. At each visit, adverse events were recorded.

RNA Assessment

Serial sections (50 µm) of the frozen muscle-biopsy specimen were homogenized

in RNA-Bee solution (Campro Scientific) and MagNA Lyser Green Beads

(Roche Diagnostics). Total RNA was isolated and purified according to the

manufacturer's instructions. For complementary DNA, synthesis was

accomplished with Transcriptor reverse transcriptase (Roche Diagnostics) with

the use of 500 ng of RNA in a 20-µl reaction at 55°C for 30 minutes with

human exon 53 or 54 specific reverse primers. PCR analyses were performed

as described previously. 1'12 Products were analyzed on 2% agarose gels and

sequenced. In addition, RT-PCR with the use of a primer set for the protein-

truncation test 67 was used to rapidly screen for aspecific aberrant splicing

events throughout the DMD gene.

Assessment of Protein Level

For immunofluorescence analysis, acetone-fixed sections were incubated for 90

minutes with monoclonal antibodies against the central rod domain

(MANDYS106, Dr. G. Morris, United Kingdom) at a dilution of 1:60, the C-

terminal domain (NCL-DYS2, Novocastra Laboratories) at a dilution of 1:30, or

(as a reference) laminin -Λ2 (Chemicon International), a basal lamina protein

that is unaffected by dystrophin deficiency, at a dilution of 1:150, followed by



Alexa Fluor 488 goat antimouse IgG (H+L) antibody (Molecular Probes) at a

dilution of 1:250 for 1 hour. Sections were mounted with Vectashield Mounting

Medium (Vector Laboratories). ImageJ software (W. Rasband, National

Institutes of Health, http://rsb.info.nih.gov/ij) was used for quantitative image

analysis as described previously. 60'61 Entire cross sections were subdivided into

series of 6 to 10 adjacent images, depending on the size of the section. To

ensure reliable measurements, staining of the sections and recording of all

images were performed during one session with the use of fixed exposure

settings and the avoidance of pixel saturation. The lower-intensity threshold

was set at background for Duchenne's muscular dystrophy, and positive

fluorescence was quantified for each section (area percentage), both for

dystrophin andlaminin o2.

Western blot analysis was performed as described previously 1with the use of

pooled homogenates from sets of four serial 50-µm sections throughout the

biopsy specimen. For each patient, two amounts of total protein — 30 µg and

60 µg — were applied, and for the control sample, 3 µg . The Western blot was

incubated overnight with dystrophin monoclonal antibody NCL-DYSl

(Novocastra Laboratories) at a dilution of 1:125, followed by horseradish-

peroxidase—labeled goat antimouse IgG (Santa Cruz Biotechnology) at a

dilution of 1:10,000 for 1 hour. Immunoreactive bands were visualized with the

use of the ECL Plus Western blotting detection system (GE Healthcare) and

Hyperfilm ECL (Amersham Biosciences). Signal intensities were measured

with the use of ImageJ software.



Results

Prescreening of Patients

The study was planned to include four to six patients. Six patients were invited

to participate, and one declined. The remaining five patients were prescreened.

First, the condition of the tibialis anterior muscle was evaluated on MRI. The

muscle condition of four patients was deemed to be adequate for the study

(Figure 2A), and the absence of dystrophin was confirmed in the patients'

original biopsy specimens (Figure 2B). Second, the mutational status and

positive exon-skipping response to PRO051 of these four patients were

confirmed in fibroblast cultures. PRO051 treatment generated a novel, shorter

fragment of messenger RNA for each patient, representing 46% (in Patient 4)

to 90% (inPatient 1) of the total RT-PCR product (Figure 2C). Precise exon-51

skipping was confirmed by sequencing (Figure 2D). No other transcript regions

were found to be altered. Immunofluorescence analyses showed a

preponderance of dystrophin-positive myotubes (Figure 2E), a finding that was

confirmed by Western blot analysis (not shown). Thus, the four patients were

judged to be eligible for PRO051 treatment. Their baseline characteristics are

shown in Table 2 .

Safety and Adverse Events

All patients had one or more adverse events. However, only one patient

reported mild local pain at the injection site, which was considered to be an

adverse event related to the study drug. Other events included mild-to-

moderate pain after the muscle biopsy. Two patients had blistering under the

bandages used for wound closure. In the period between injection and biopsy,

two patients reported a few days of flulike symptoms, and one patient had mild

diarrhea for 1 day. At baseline, the muscle-strength scores of the treated

tibialis anterior muscle in Patients 1, 2, 3, and 4 were 4, 2, 3, and 4,



respectively, on the Medical Research Council scale. None of the patients

showed changes in the strength of this muscle during the study or significant

alterations in standard laboratory measures or increased measures of

complement split products or activated partial-thromboplastintime. No local

inflammatory or toxic response was detected in the muscle sections of the

patients (data not shown). Patient 3 successfully underwent preplanned

surgery for scoliosis in the month after the study was completed.

RNA and Protein Level

At day 28, a biopsy of the treated area was performed in each patient. Total

muscle RNA was isolated from serial sections throughout the biopsy specimen.

In all patients, RT-PCR identified a novel, shorter fragment caused by exon-51

skipping, as confirmed by sequencing (Figure 3). Further transcript analysis

showed no other alterations (data not shown). Immunofluorescence analyses of

sections throughout the biopsy specimen of each patient showed clear

sarcolemmal dystrophin signals in the majority of muscle fibers (Figure 4A and

4B). Dystrophin antibodies proximal and distal to the deletions that were used

included MANDYS106 (Figure 4A and 4B) and NCL-DYS2 (similar to

MANDYS106, not shown). The fibers in each section were manually counted

after staining for laminin 2 .68 The individual numbers varied, consistent with

the size of the biopsy specimen and the quality of the muscle. In the largest

sections, Patient 2 had 726 fibers, of which 620 were dystrophin-positive,

whereas Patient 3 had 120 fibers, of which 117 were dystrophin-positive

(Figure 4A and 4C). The dystrophin intensities were typically lower than those

in a healthy muscle biopsy specimen (Figure 4B). The single fibers with a more

intense dystrophin signal in Patients 2 and 3 could well be revertant fibers

(Figure 4B).

Western blot analysis confirmed the presence of dystrophin in varying

amounts (Figure 4E). The dystrophin signals were scanned and correlated to

the control (per microgram of total protein). The amounts varied from 3% in



Patient 3, who had the most-dystrophic muscle, to 12% in Patient 2, who had

the best-preserved muscle. Since such comparison on the basis of total protein

does not correct for the varying amounts of fibrotic and adipose tissue in

patients with Duchenne's muscular dystrophy, we also quantified the

dystrophin fluorescence signal (Figure 4A and 4B) relative to that of the

similarly located laminin 2 in each section by ImageJ analysis. When the

ratio of dystrophin to laminin 2 was set at 100 for the control section, Patients

1, 2, 3, and 4 had ratios of 33, 35, 17, and 25, respectively (Figure 4D).

Discussion

Our study showed that local intramuscular injection of PRO051, a 2OMePS

antisense oligoribonucleotide complementary to a 20-nucleotide sequence

within exon 51, induced exon-51 skipping, corrected the reading frame, and

thus introduced dystrophin in the muscle in all four patients with Duchenne's

muscular dystrophy who received therapy. Dystrophin-positive fibers were

found throughout the patients' biopsy specimens, indicating dispersion of the

compound in the injected area. Since no delivery-enhancing excipient was

used, PRO051 uptake did not seem to be a major potentially limiting factor.

We cannot rule out that increased permeability of the dystrophic fiber

membrane had a favorable effect. The patients produced levels of dystrophin

that were 3 to 12% of the level in healthy control muscle, as shown on Western

blot analysis of total protein. Since the presence of fibrosis and fat may lead to

some underestimation of dystrophin in total protein extracts, we determined

the ratio of dystrophin to laminin 2 in the cross sections, which ranged from

17 to 35, as compared with 100 in control muscle. The dystrophin-restoring

effect of PRO051 was limited to the treated area, and no strength improvement

of the entire muscle was observed. Future systemic treatment will require

repeated administration to increase and maintain dystrophin expression at a

higher level and to obtain clinical efficacy.



Because of medical-ethics regulations regarding interventions in minors, we

could not obtain a biopsy specimen from the patients' contralateral muscles

that had not been injected. However, the patients showed less than 1% of

revertant fibers in the original diagnostic biopsy specimens obtained 5 to 9

years before the initiation of the study (Table 2 and Figure 2B). We consider it

very likely that the effects we observed were related tothe nature and

sequence of the PRO051 reagent rather than to a marked increase in revertant

fibers. Indeed, a single, possibly revertant fiber that had an increased

dystrophin signal was observed in both Patient 2 and Patient 3 (Figure 4B).

In summary, our study showed that local administration of PRO051 to muscle

in four patients with Duchenne's muscular dystrophy restored dystrophin to

levels ranging from 3 to 12% or 17 to 35%, depending on quantification relative

to total protein or myofiber content. Consistent with the distinctly localized

nature of the treatment, functional improvement was not observed. The

consistently poorer result in Patient 3, who had the most advanced disease,

suggests the importance of performing clinical trials in patients at a relatively

young age, when relatively little muscle tissue has been replaced by fibrotic

and adipose tissue. Our findings provide an indication that antisense-mediated

exon skipping may be a potential approach to restoring dystrophin synthesis in

the muscles of patients with Duchenne's muscular dystrophy.

Example 2

In a pre-clinical study in mdx mice (animal model for DMD) the effect of

adjunct compound prednisone on AON-induced exon skipping was assessed.

Mdx mice (C57Bl/10ScSn-mdx/J) were obtained from Charles River

Laboratories (The Netherlands). These mice are dystrophin-deficient due to a

nonsense mutation in exon 23. AON-induced exon 23 skipping is therapeutic in

mdx mice by removing the nonsense mutation and correction of the open



reading frame. Two mdx mice per group were injected subcutaneously with:

Group 1) physiologic salt (wk 1-8), Group 2) prednisolone (lmg/kg, wk 1-8),

Group 3) mouse- specific antisense oligonucleotide PS49 designed to specifically

induce exon 23 skipping (100mg/kg, wk 4 (5 times), week 5-8 (2 times), Group

4) prednisolone (lmg/kg, wk 1-8) + PS49 (100mg/kg, wk 4 (5 times),week 5-8 (2

times). PS49 (5' GGCCAAACCUCGGCUUACCU 3') has a full-length

phosphorothioate backbone and 2'0-methyl modified ribose molecules.

All mice were sacrificed at 1 week post-last-injection. Different muscles

groups, including quadriceps, tibialis anterior, and diaphragm muscles were

isolated and frozen in liquid nitrogen-cooled 2-methylbutane. For RT-PCR

analysis, the muscle samples were homogenized in the RNA-Bee solution

(Campro Scientific, The Netherlands). Total RNA was isolated and purified

according to the manufacturer's instructions. For cDNA synthesis with reverse

transcriptase (Roche Diagnostics, The Netherlands), 300 ng of RNA was used

in a 20 µl reaction at 55°C for 30 min, reverse primed with mouse DMD gene-

specific primers. First PCRs were performed with outer primer sets, for 20

cycles of 94°C (40 sec), 600C (40 sec), and 72°C (60 sec). One µl of this reaction

(diluted 1:10) was then re-amplified using nested primer combinations in the

exons directly flanking exon 23, with 30 cycles of 94°C (40 sec), 600C (40 sec),

and 72°C (60 sec). PCR products were analysed on 2% agarose gels. Skipping

efficiencies were determined by quantification of PCR products using the DNA

1000 LabChip® Kit and the Agilent 2100 bioanalyzer (Agilent Technologies,

The Netherlands). No exon 23 skipping was observed in the muscles from mice

treated with physiologic salt or prenisolone only (groups 1 and 2). Levels of

exon 23 skipping were detected and per muscle group compared between mice

treated with PS49 only (group 3) and mice treated with PS49 and adjunct

compound prednisolone (group 4). In the quadriceps (Q), tibialis anterior (TA),

and diaphragm (DIA) muscles, exon 23 skipping levels were typically higher in

group 4 when compared to group 3 (Figure 5). This indicates that adjunct



compound prednisolone indeed enhances exon 23 skipping levels in mdx mice

treated with PS49.

Example 3

A., B. Differentiated muscle cell cultures (myotubes) derived from a healthy

control individual were transfected with 250 nM PS188 ([5'

UCAGCUUCUGUUAGCCACUG 3'; SEQ ID NO: 10] an AON optimized to

specifically skip exon 44) or 250 nM PS221 ([5'

AUUCAAUGUUCUGACAACAGUUUGC3'; SEQ ID NO: 60] an AON

optimized to specifically skip exon 45) in the presence of 0 to 0.5 mg/ml

pentoxifylline, using the transfection reagent polymer UNIFectylin (2,0 µl

UNIFectylin per µg AON in 0,15M NaCl). UNIFectylin interacts

electrostatically with nucleic acids, provided that the nucleic acid is negatively

charged (such as 2'-O-methyl phosphorothioate AONs). Pentoxyfillin (Sigma

Aldrich) was dissolved in water. Total RNA was isolated 24 hrs after

transfection in RNA-Bee solution (Campro Scientific, The Netherlands)

according to the manufacturer's instructions. For cDNA synthesis with reverse

transcriptase (Roche Diagnostics, The Netherlands), 500 ng of RNA was used

in a 20 µl reaction at 55°C for 30 min, reverse primed with DMD gene- specific

primers. First PCRs were performed with outer primer sets, for 20 cycles of

94°C (40 sec), 600C (40 sec), and 72°C (60 sec). One µl of this reaction (diluted

1:10) was then re-amplified using nested primer combinations in the exons

directly flanking exon 44 or 45, with 30 cycles of 94°C (40 sec), 600C (40 sec),

and 72°C (60 sec). PCR products were analysed on 2% agarose gels. Skipping

efficiencies were determined by quantification of PCR products using the DNA

1000 LabChip® Kit and the Agilent 2100 bioanalyzer (Agilent Technologies,

The Netherlands).



Both with PS188 and PS221, increasing levels of exon 44 or 45 skipping were

obtained with increasing concentrations of the adjunct compound

pentoxifylline when compared to those obtained in cells that were not co-

treated with pentoxyfilline (see Figure 6). These results indicate that

pentoxifylline enhances exon skipping levels in the muscle cells.

C.
In a pre-clinical study in mdx mice (animal model for DMD) the effect of

adjunct compound pentoxyfilline on AON-induced exon skipping was assessed.

Mdx mice (C57Bl/10ScSn-mdx/J) were obtained from Charles River

Laboratories (The Netherlands). These mice are dystrophin-deficient due to a

nonsense mutation in exon 23. AON-induced exon 23 skipping is therapeutic in

mdx mice by removing the nonsense mutation and correction of the open

reading frame. Two mdx mice per group were injected subcutaneously with:

Group 1) pentoxyfilline (50 mg/kg, wk 1-2), Group 2) mouse-specific antisense

oligonucleotide PS49 designed to specifically induce exon 23 skipping

(100mg/kg, wk 2 (2 times), Group 3) pentoxyfilline (50 mg/kg, wk 1-2) + PS49

(100mg/kg, wk 2 (2 times). PS49 (5' GGCCAAACCUCGGCUUACCU 3') has a

full-length phosphorothioate backbone and 2'O-methyl modified ribose

molecules.

All mice were sacrificed at 1 week post-last-injection. Different muscles

groups, including quadriceps, tibialis anterior, triceps and heart muscles were

isolated and frozen in liquid nitrogen-cooled 2-methylbutane. For RT-PCR

analysis, the muscle samples were homogenized in the RNA-Bee solution

(Campro Scientific, The Netherlands). Total RNA was isolated and purified

according to the manufacturer's instructions. For cDNA synthesis with reverse

transcriptase (Roche Diagnostics, The Netherlands), 300 ng of RNA was used

in a 20 µl reaction at 55°C for 30 min, reverse primed with mouse DMD gene-

specific primers. First PCRs were performed with outer primer sets, for 20

cycles of 94°C (40 sec), 60 C (40 sec), and 72°C (60 sec). One µl of this reaction



(diluted 1:10) was then re-amplified using nested primer combinations in the

exons directly flanking exon 23, with 30 cycles of 94°C (40 sec), 600C (40 sec),

and 72°C (60 sec). PCR products were analysed on 2% agarose gels. Skipping

efficiencies were determined by quantification of PCR products using the DNA

1000 LabChip® Kit and the Agilent 2100 bioanalyzer (Agilent Technologies,

The Netherlands). No exon 23 skipping was observed in the muscles from mice

treated with pentoxyfilline only (groups 1). Levels of exon 23 skipping were

detected and per muscle group compared between mice treated with PS49 only

(group 2) and mice treated with PS49 and adjunct compound pentoxyfilline

(group 3). In the quadriceps (Q), tibialis anterior (TA), triceps (Tri) and heart

(HRT) muscles, exon 23 skipping levels were typically higher in group 3 when

compared to group 2 (Figure 6c). This indicates that adjunct compound

pentoxyfilline indeed enhances exon 23 skipping levels in mdx mice treated

with PS49.
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Claims

1. A method for alleviating one or more symptom(s) of Duchenne Muscular

Dystrophy or Becker Muscular Dystrophy in an individual, the method

comprising:

- administering to said individual a compound for providing said

individual with a functional dystrophin protein, and

- administering to said individual an adjunct compound for reducing

inflammation, preferably for reducing muscle tissue inflammation, and/or

an adjunct compound for improving muscle fiber function, integrity and/or

survival.

2 . A combination of:

- a compound for providing an individual with a functional dystrophin

protein, and at least one of

- an adjunct compound for reducing inflammation, preferably for reducing

muscle tissue inflammation, and/or

- an adjunct compound for improving muscle fiber function, integrity and/or

survival,

for use as a medicament.

3. Use of a compound for providing an individual with a functional dystrophin

protein, and at least one of an adjunct compound for reducing

inflammation, preferably for reducing muscle tissue inflammation, and/or

an adjunct compound for improving muscle fiber function, integrity and/or

survival for the preparation of a medicament for alleviating one or more

symptom(s) of Duchenne Muscular Dystrophy or Becker Muscular

Dystrophy in said individual.

4 . A pharmaceutical preparation comprising:

- a compound for providing an individual with a functional dystrophin

protein, and



- an adjunct compound for reducing inflammation, preferably for reducing

muscle tissue inflammation, and/or an adjunct compound for improving

muscle fiber function, integrity and/or survival, and

- a pharmaceutically acceptable carrier, adjuvant, diluent and/or excipient.

5. A method, combination, use or pharmaceutical preparation according to

any one of claims 1-4, wherein said adjunct compound comprises a steroid

preferably a (gluco)corticosteroid, an ACE inhibitor (preferably perindopril),

angiotensin II type 1 receptor blocker Losartan, a tumour necrosis factor-

alpha (TNFα) inhibitor, a source of mIGF-1, an antioxidant, an ion channel

inhibitor, a protease inhibitor, L-arginine and/or a compound for enhancing

exon skipping and/or inhibiting spliceosome assembly and/or splicing.

6. A method, combination, use or pharmaceutical preparation according to

any one of claims 1-5, wherein said compound for providing said individual

with a functional dystrophin protein comprises an oligonucleotide, or a

functional equivalent thereof, for at least in part decreasing the production

of an aberrant dystrophin protein in said individual.

7. A method, combination, use or pharmaceutical preparation according to

any one of claims 1-6, wherein said compound for providing said individual

with a functional dystrophin protein comprises an oligonucleotide, or a

functional equivalent thereof, for inhibiting inclusion of an exon of a

dystrophin pre-mRNA into mRNA produced from splicing of said

pre-mRNA, wherein preferably the absence of said exon from mRNA

produced from dystrophin pre-mRNA generates a coding region for a

functional dystrophin protein.

8 . A method, combination, use or pharmaceutical preparation according to

any one of claims 1-7, wherein said compound for providing said individual

with a functional dystrophin protein comprises an oligonucleotide, or a

functional equivalent thereof, comprising a sequence which is

complementary to at least part of a dystrophin pre-mRNA exon or at least



part of a non-exon region of a dystrophin pre-mRNA said part having at

least 13 nucleotides.

9 . A method, combination, use or pharmaceutical preparation according to

any one of claims 1-8, wherein said compound for providing said individual

with a functional dystrophin protein comprises a compound for suppressing

stop codons, preferably this compound comprises gentamicin, PTC124 or a

functional equivalent thereof.

10. A method, combination, use or pharmaceutical preparation according to

any one of claims 1-9, wherein said compound for providing said individual

with a functional dystrophin protein comprises an oligonucleotide, or a

functional equivalent thereof, for specifically binding a regulatory RNA

sequence required for the correct splicing of dystrophin exons in a

transcript and preferably, wherein said oligonucleotide or functional

equivalent thereof is complementary to an intronic splicing enhancer (ISE),

an exonic splicing enhancer (ESE), an intronic splicing silencer (ISS) and/or

an exonic splicing silencer (ESS).

11. A method, combination, use or pharmaceutical preparation according to

any one of claims 1-10, wherein said compound for providing said

individual with a functional dystrophin protein comprises an

oligonucleotide, or a functional equivalent thereof, comprising a sequence

which is complementary to a consecutive part of between 13 and 50

nucleotides, preferably between 14 and 25 nucleotides, of RNA of an exon of

a dystrophin pre-mRNA.

12. A method, combination, use or pharmaceutical preparation according to

any one of claims 6-11, wherein said oligonucleotide comprises RNA and

wherein preferably said RNA contains a modification, preferably a

2'-O-methyl modified ribose (RNA) or deoxyribose (DNA) modification or

wherein said functional equivalent of said oligonucleotide comprises

peptide nucleic acid, locked nucleic acid, morpholino phosphorodiamidate,



or any combination thereof, most preferably morpholino

phosphorodiamidate.

13. A method, combination, use or pharmaceutical preparation according to

any one of claims 7-12, wherein said exon comprises exon 51, 44, 45, 53, 46,

43, 2, 8, 50 and/or 52.

14. A method, combination, use or pharmaceutical preparation according to

any one of claims 7-13, wherein said oligonucleotide for providing said

individual with a functional dystrophin protein is complementary to at

least two exons in a dystrophin pre-mRNA, said oligonucleotide comprising

at least two parts wherein a first part comprises an oligonucleotide having

at least 8, preferably between 16 to 80, consecutive nucleotides that are

complementary to a first of said at least two exons and wherein a second

part comprises an oligonucleotide having at least 8, preferably between 16

to 80, consecutive nucleotides that are complementary to a second exon in

said dystrophin pre-mRNA and wherein preferably said first and said

second exon are separated in said dystrophin pre-mRNA by at least one

exon to which said oligonucleotide is not complementary.

15. A method for at least in part increasing the production of a functional

dystrophin protein in a cell, said cell comprising pre-mRNA of a dystrophin

gene encoding an aberrant dystrophin protein,

the method comprising:

providing said cell with a compound for inhibiting inclusion of an exon

into mRNA produced from splicing of said dystrophin pre-mRNA, and

providing said cell with an adjunct compound for reducing

inflammation, preferably for reducing muscle tissue inflammation, and/or

providing said cell with an adjunct compound for improving muscle fiber

function, integrity and/or survival,

the method further comprising allowing translation of mRNA produced

from splicing of said pre-mRNA.
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