WO 2009/098577PCT/IB2009/000204 Non-immunosuopressive cvclosporin for the treatment of a
muscular dystrophy The present invention relates to the use of a non-immunosuppressive

cyclosporin A deri\{ative for reducing the induction of myofiber necrosis and 5 mxofiber degeneration in’
a subject dié‘éﬂ&g{é’éﬂ%ﬁw Limb-Girdle Muscular Dystrophy (LGMD), in pa]r)tﬁ:ga}ig% lepé)gﬂlf/canopathy.
Muscular dystrophies (MD) comprise a diverse group of inherited disorders that largely affect striated
muscle tissue r t g in ro§5| u : 185, e\évgggfa N glynsttl% ees)
premature deati=viaHy : ata : 5
associated with alterations in structural attachment proteins that affix the underlying contractile

poteins 0 the basc e, ARGNAUNR GBS L ARTBERSB e (carcolemma)

or in proteins that di abilize or repair the cell membrane, 15 such as e.g. sarcoglycan or
dystrophin.  cyripernsd Aderitivefeniedepiraihgdndactipnal rawehibesdiariesiadddelta-sarcoglycan
genes) cajise g, Hplet Y aesISHIRGA S MR AIRIGIRRRPWISY AR IRSIeLIRMBLAID a subgroup

thereof, the sarCoglycanopathies. The 20 syndromes or phenotypes of the sarcoglycanopathies
depend on wHSERRY dkEMP)inPRticHIat &858 VT8 0B EY genetic mutations (allelic variant), and

show four forms of specific disorders: LGMD types 2C, 2D, 2E and 2F (mutations of gamma-, alpha-,

beta- and delta-sarcoglycan genes, respegctivel hich represent 25% of.all di D cases.
In particular, the diff@%ﬁ%ﬁﬁiﬁgﬁgegﬂmﬁ%ﬁ%%%%Pvgge?ﬁ%%gr (LeE ;%g?}g%'?}%@gﬁggger%%%sult in the
severe disordétabidrGaiatient Sfiaied GUBRFEnETeMENddNNTIGrRSRNAIBUS NEWTENNESH #601287,
genetic Watwga'sdgiwliﬁ%y SRR S AL mIG L ARRE, A7, SRSE8LHXa mdttenglifferent

LGMD types aré chdracterize progressive wasting and weaknéssmith atrophy predominantly

involving musthetarenansaliydinkgs seoddh i figns dep asaosiated Wi AERIBRRMse phenotypes
resemble thosg,QERpNFERIHANSRIABRMBRakemiAdIRRIGNGYSHARRiIRY prieinedotimvever, the

latter diseases inciolve different molecular mechanisn%%l?nd g@neti(ildisor ers. Before

CONFIRMAT kagebiarpipaypro vigis d kst e Aho B % C3 MRIRIANE diagnoses of LGMD
were availablgshfcdimpaiicrisinvgreteifienhat directly stabilize or repair the cell membrane,

15 such as e.g. sarcoglycan or dystrophin.

Inherited mutations of sarcoglycan genes aipha-, beta-, gamma- and
defta-sarcoglycan genes) cause a skeletal muscle disease with heterogeneous
syndromes, LGMD and a subgroup thereof, the sarcoglycanopathies. The

20 syndromes or phenotypes of the sarcoglycanopathies depend on which
sarcoglycan gene is mutated and the type of genetic mutations (allelic variant},
and show four forms of specific disorders: LGMD types 2C, 2D, 2E and 2F '
(mutations of gamma-, alpha-, beta- and delta-sarcoglycan genes, respectively)

which represent 25% of all diagnosed LGMD cases. In particular, the different

25  mutations specifically observed in the delta-sarcoclycan gene result in the severe
disorder of LGMD type 2F or LGMD2F {Online Mendelian inheritance in Man
[OMIM] #601287, genetic mutations: [OMIM] 601411. Emery et al., The Lancet,
2002, 359:687-685.).

30 The different LGMD types are characterized by progressive wasting and
weaknessawith atrophy predominantly involving muscles of arms and legs proximal
to shoulder and hip, respectively. Disease phenotypes resemble those of severe
Duchennezﬁi(e or Becker-like muscular dystrophy syndromes. However, the latter
diseases iﬁ%!ve different molecular mechanisms and genetic disorders. Before
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diagnosed as suffering from Duchenne muscular dystrophy. The onset of the disease varies from early
childhood to adulthood with mild to severe clinical forms. Up to 25% of patients show severe forms of
the disease, developing severe 5lumbar lordosis, contractures of the Achilles tendons, muscle
hypertrophy & ##it8i¥eFathy and cardiac conduction defects. Hypertrop®{ BPRE &Y or tongue,
selectivity of muscle involvement and late stage cardtac complications are associated more or less
specifically with each of the different forms (Dani&le et al., Int J. Biochem Cell Bipl., 2007,

39:1608-1624N9taedassiagnarasAbsSMRuars AyRiahla: I RRLEA: wels RSO entilation
requiring ven@g@%sﬁﬁ@%;i@mﬂummgimmimuﬁgmtm;ﬁageﬁ“ harynskttbféaely onset,
progression of the disease tp death typi is very rapid. Death is often S espiratory
compIicationsd'f@ﬁdﬁ@?%g%e%ﬁgﬁmg%ﬁ 18 é%ﬁQB%dfc%a%ﬁt%’ﬁ%%%ga rlicla%] ignr)ﬁ; grf the
LGMD syndrdppess 289¢refpatiestegimivessare, forms q&ﬁwd@gmg&ymfpﬂwgﬂ%ﬁtherapy for
preserving musele funelon. MaIEesJuneiRaA ARl RAdSRC Ras A SsaRRRRYY. These
measures, however, cannot prevent myofiber degeneration and the eventtal occurrence of respiratory

complicationscadiomypgathyaae versirasongushan defestie ShaatreptyiteeraiuesVolved in

muscular dysigphye 3beESIsISBN TGN SRdROMRUIEE e sindas oseplitagdhe are
sarcoglycanopathies has been forthcominﬁ. Recently, it %/’\v%i &E‘rﬁ\ogv

I th | lls,of mjge lacki
delta-sarcoglyRsao¢ig o) 988 theaialbywinifas ffﬁ%e%gﬁﬁ%ﬁg%qi%gﬁggse a(lgcénd%

have a propensity Bioissaned edu|2007|cEHTE0EIG24 s Rssrewsil thaeivwess derdsdaents of the
dystrophinglycoprotein complex (DGC) such as ' sar Riexesyits in a
fundaméfal a{f’fgpé‘fbe‘?g‘f?ﬁeéﬁiéﬁgﬁ%drsﬁggﬁ\l’éeﬁc}){? ﬂﬁeﬁ%&%@@j?ﬁ{gm aﬁgean"d in increased
permeability agehlsrakinebiditharstmotisiityneatecyantioN it serbheegatarraarsin AR channels
caused by membrane.in ity (I dnaehisyeehis m dnskeletal muscle leading
to myofiber deddse%%s%ﬁ%ra%?& %@l?(g[{fgr?%%%yoﬂﬁbier necrosis. WO 2009/098577PCT/IB2009/000204 -
3 - Parsons etresp{tatBiwlc@npligatZos7, 282:10068-10078) showed that

15 To date, no specific treatment is available for patients suffering from any of
the LGMD syndromes. Aggressive supportive care, e.g., orthopedy, surgery and
physical therapy for preserving muscie function, maximizes functional ability and
prolongs life expectancy. These measures, however, cannot prevent myofiber
degeneration and the eventual occurrence of respiratory complications.

20

With the development of animal modets lacking specific genes involved in
muscular dystrophy, a better understanding of the moiecular mechanisms
underlying the sarcoglycanopathies has been forthcoming. Recently, it was shown
that muscle cells of mice lacking delta-sarcoglycan (scgd-/- mice) due to targeted

25 inactivation of the delta-sarcoglycan gene (scgd) have a propensity for increased
cellular calcium influx. It is assumed that loss of components of the dystrophin-
glycoprotein complex (DGC) such as dystrophin or sarcoglycan compiex results in
a fundamental aiteration of the physical properties of the muscle cell membrane
and in increased permeability and leakiness of the sarcoiemma. Activation of

30 unregulated calcium influx channels caused by membrane instability and fragility
may initiate dystroﬁhic disease in skeletal muscle leading to myofiber

degeneration and induction of myofiber necrosis.



inhibition of calcium/calmodulin-activated serine/threonine protein phosphatase calcineurin
(calcineurin) activity by genetic deletion decreased skeletal muscle and myofiber degeneration and

inflammationfin scgd-/-_mice, and was cytoprotective. 5 Analogous disease improvements following
inhibition of B (?ﬂ??g”ctivity were not observed in mice lacking the md’S’(C(jr é(’?aﬁ?g%}ﬂhin gene
mutation) used as model for Duchenne muscular dystrophy even though increased calcium influx was

observed in both muscular dystrophy madeg|s. In f. tivated tr ene for calcineurin protected
mdx mice (ChakkaldkSaNS| .‘?tl-;l'l!xrfer’lf| |\§é§ﬁ(§l’ﬁé‘i’ gé@f%@l%@%@% eéiﬂgﬁ{l\cta
Neuropathol.,idG#ichdt 2aSahGahvbsetirDetivatacdsedinaithrabrifachpiat@bQsh spbatass 489).
Parsons et al. identified calcineuri 3. i e %mm' ﬂ'ﬁ?sq ir
observations,(f%\cf'sncs3 g'%i%??%ﬂ%%%ie%ﬂ@?#%é%%%oﬁﬁé%té?ﬁe%%%}gagc%wty rf%éf%rovidégs%ﬂnﬁ benefit

in select typesnybfihescleghsenationaci dflmmaiiendn sagd<c tiges RopAG afanieci®efore,
cyclosporn AAﬁ?@g?g& ghe 00N PRI RRbwing INGISHSRSF CARGHEINFMARAUR) GRinse

progressive myofi egeneration’ induced by altered membrane permeability in LGMD are not well

understood am@tebErEvEd-RBHCEHASKING ARt ARNR (PR 3706 FHIAHIUILRSARS eventual
development gigaegermeehbass dnevaldrenstophyisatagibadghnateniscsl Eboiog fnafothis disorder.

At this time, however, there is no effective method available for the treatment of patients suffering from
LGMD. Hencd'fRpbsely %%%%ﬁ%@?é;&éﬁﬁ?, p%%c%gsﬁgugﬁt{agrfhaa%ggé‘ts%%g ee?i:-éfn. 25

The aim of thdgpreseincimie ptiotedicd mavitcenE biikicitakaligt altherapy Nl thienetatdiéit of the
o g A0 oSS ANSI WUPRLAKKIRDARG PRI depeneian. B pade sullering from

LGMD and, in particular, from'a sarcoglycanopathy, and more particularly from LGMD type 2F. This
therapy shoultiBes gtatbcAnyalnBetreko2R08; 4§8:éphiteReRemalifselat-ddenifi&fon cardiac and -

diaphragm mysgle and sheuld, delayAsrgseror eeREs Rrapéutics. BagduesrINginventors surprisingly
found that the administration of a nonimmunosuppressive c%/acl_osggin é‘CsA deﬁi\zg;[ive which does

not inhibit calReeriatieng SRS ehalirysensiersbirldrb tikigh ellibpetel ,mdﬁarticular,
from sarcoglygapnaatiymansbrsieip asieslaybe oimi@MO digea st sedmasflgotivgirdierapy. They
observed that administration of non- immunosuppressive CsA deriyati -MeAlal3-FtValr-CsA
reduces MusclBYSSHIB ?%?%Léﬁﬁ)'}gctth%ig %@g‘gﬁvﬂcﬁﬁ%ﬁé@rﬁr‘]g@%ﬁfs@]@gﬁi?é?gﬁ‘v\én LGMD, and

more particulasbhefididl.GMD type 2F, and degeneration and progression of the disease, as well as
normalizes myofiber area distribution by reducing the sensitivity of mitochondria to the latent calcium
overload. A subject may be a human being or a mammal such as, e.fg., a mouse that shows a

muscular dystrophy phersftepieomrehanisasiatiorse Ppaiess HecdrarBrEihe

responsible fof s, BhenalyareHianbpaasacteseineincmesar dacisuiedeistosdattic use of a
non-immunosuppressive CsA derivative of formula |, more pref unosupL%riessive CsA

: ) erably a non:im
derivativédf fHf @@iﬁﬁﬁ&ﬁ%@t\ﬁ%ﬁ&é}@?&%ﬂhﬁ?ﬁdﬂé&%@%%eb 2R TL N AVED
[D-1VieAla]3-[Raidnirsénoblonsetanibrfob dsednavefaciatmenbsinaidigies for pdtienfo spileviegting or
reducing muscular degeneration in a.suybject sufferingfrom. i | :
sarcoglycanop B TR G RS LA Foe VORoUGtS B arcitve B HreieR o,
derivatives suithdlieciaimend ofithatiients esdiering SonohGME deoerthensds mNees Tt Patent

Application W%%%%g@%l%é?réygﬁgggﬁ% 15 BRETH3PhEMeAlaf-[EtValr-CsA was disclosed by
nternatio

Wenger et al. in atent Application WO 00/01715. [D-MeAla]3-FtVal14-05A of formula 11l
has beer2attributed the CAS Registry Number 254435-95-5.

The aim of the present invention is to provide the clinician with a therapy for
the treatment of the induction and the progression of myofiber necrosis and
muscle degeneration in a patient suffering from LGMD and, in particular, from a
§arcoglycanopathy, and more particularly from LGMD type 2F. This therapy should

30 protect against necrosis of dystrophic skeletal muscles and also on cardiac and

diaphragm muscle and should delay disease progression.



4a In a first aspect, there is provided the use of a cyclic undecapeptide of the following formula:
WXRYZQAla T1-T2-T3 - MeVal- 1234567891011 wherein W is MeBmt; Xis aAbu; R is (D)-MeAla; Y is
N-ethylval (EtVal); Z is Val; Q is MeLeu; T1 is (D)Ala; T2 is MeLeu; and T3 is MeLeu. for the
manufacture of a nTpopssTitionmcre suTEikinglifobr@ithi MescininBystioply 2 nonThe

dosaribed by TSRS URRGERNNEI T S Do B L gE DRORb A e et
calcineurin, to a subject suﬁenng from disorders diagnosed as LGMD, and, in
particular, from sarcoglycanopathy, and more particularly from LGMD type 2F.is
an effective therapy. They observed that administration of non-
immunosuppressive CsA derivative [D-MeAla]3-[EtVai]4~CsA reduces muscle
pathology of a subject diagnosed with myofiber necrosis, in particular with LGMD,
and more particularly with LGMD type 2F, and degeneration and progression of
the disease, as well as normalizes myofiber area distribution by reducing the

sensitivity of mitochondria to the latent calcium overload.

A subject may be a human being or a mammal such as, e.g., a mouse that
shows a muscular dystrophy phenotype owing to the deletion of a gene or
non-expression of a gene responsible for the phenotype of the disease.

.Therefore, the present disclosure relates to the use of
nonnimmunosuppressivé'CsA derivative of formula |, more preferably a
non-immunosuppressive CsA derivative of formula Il and most preferably a
non-immunosuppressive CsA derivative [D—MeAiaIS-[EtVa|]4~CsA of formula HI, for
the manufacture of a medicinal product for preventing or reducing muscular
degeneration in a subject suffering from LGMD, and, in particular, from
sarcoglycanopathy, and more particularly from LGMD type 2F.
Non-immunosuppressive CsA derivatives suitable for use with the present
invention were also described in international Patent Application WO 2005/021028
by Novartis AG, on pages 3-6. [D-MeAla]>-[EtVal]*-CsA was disclosed by Wenger
et al. in international Patent Application WO 00/01713. [D—MeAlaf—[EtVal]“-CsA of
sormula Il has been attributed the CAS Registry Number 254435-95-5.



W XRY Z Q- Ala-T1-T2- T3 MeVa 1234567891011 5 wherein W is MeBmt, dihydro-MeBmt,
8'-hydroxy-MeBmt or 0-actetyl-MeBmt, X is aAbu, Val, Thr, Nva or 0-methyl threonine (MeOThr), R is
Pro, Sar, (D)-MeSer, (D)-MeAla, or (D)-MeSer(Oacetyl), Y is MeLeu, thioMeLeu, y-hydroxy-MeLeu,
Melle, MeVal, MeThr, MeAla, Mealle or 10MeaTh#& N-ethylVal (EtVal), N-ethyllle, N-ethylIThr,
N-ethylPhe, N-ethylTyr or N- ethylThr(Oacetyl), wherein Y cannot be MeLeu when R is Sar, Z is Val,
Leu, MeVal or MeLeu, Q is MeLeu, y-hydroxy-MeLeu, MeAla or Pro, Tiis (D)Ala or Lys, 15 T2 is
MeLeu or y-hydroxy-MeLeu, and T3 is MeLeu or MeAla. Formula Il -w XRYZ Q- Ala -T1-T2- T3 -

MeVa | 20123456 785 AT ISl fY] iydro- MeRnbaBehvpresyMeBant s fakbis: Val,
Thr, Nva or O-methyi/%l talwgé%n? e&&h&%%@%&@{hg@yg@ M vl

- W X R Y Z Q Ala Ty T,— T3 — MeVal-
1 2 3 4 5 6 7 8 g 10 11

wherein W is MeBmt;
X is aAbu;
R is (D)-MeAla;
Y is N-ethylVal (EtVal);
Z is Val,
Q is Meleu;
T, is (D)Ala;
T, is MelLeu; and
T» is MelLeu.
for the manufacture of a medicament for the treatment of Limb-Girdle Muscuiar

Dystrophy.

The non-immunosuppressive CsA derivatives of use in the present

invention are cyclic undecapeptides described by the following formulae:



25R is Pro, Sar, (D)-MeSer, (D)-MeAla, or (D)-MeSer(Oacetyl); Y is MeLeu, thioMeLeu,
Kl-hyﬂrtl)x?]/-MeLeu, Melle, MeVal, MeThr, MeAla, Mealle or MeaThr; N-ethylvVal (EtVal), N-ethyllle,
-ethylThr, N-ethylPhe, N-ethyITyr or NethylThr(Oacetyl), wherein Y cannot be Mel ey when R is Sar;
Z is Val, peﬁymg@%ﬁwgﬁﬁemu; 30 Q is MeLeu, y-hydroxy-MeLeu, or MeKFﬂWﬂ%"’fB?M%; T2 is MeLe[J
; and T3 is MeLeu. WO 2009/098577PC T/IB20097000204 - 6 - Formula Il WXRYZQ AlaTi T2- T3 -
MeVal 1234567891011 5 wherein W is MeBmt; X is aAbu; R is (D)-MeAla; 10Y is N-ethylVal (EtVal);

Formula |

— X R Y Z Q Ala Ty To— T3 — MeVal

1 1 2 3 4 5 - 6 7 B 8 10 11
5  wherein

W is MeBmt, dihydro-MeBmt, 8'-hydroxy-MeBmt or O-actetyl-MeBmt,

X is gAbu, Val, Thr, Nva or O-methyl threonine (MeOThr),

R is Pro, Sar, (D)-MeSer, (D)-MeAla, or (D)-MeSer(Oacetyl),

Y is Meleu, thioMeLeu, y-hydroxy-MeLeu, Metle, MeVal, MeThr, MeAla, Mealle or
10 MeaThr; N-ethylVal (EtVal), N-ethyllle, N-ethyiThr, N-ethylPhe, N-ethylTyr or N-

ethylThr(Oacetyl), wherein Y cannot be MeLeu when R is Sar,

Z is Val, Leu, MeVal or Meleu,

Q is MeLeu, y-hydroxy-Meleu, MeAla or Pro,

T4 is (D)Ala or Lys,
15 T, is Meleu or y-hydroxy-Meleu, and

Ta is Meleu or MeAla.

Formula il

— W X R Y Q Ala Ty To— T3 — MeVal
20 1 2 3 4 5 6 7 8 g 10 11

wherein

W is MeBmt, dihydro-MeBmt, 8'-hydroxy-MeBmt;
X is aAbu, Val, Thr, Nva or O-methyl threonine (MeOThr);
25 Ris Pro, Sar, (D)-MeSer, (D)-MeAla, or (D)-MeSer(Oacetyl),
Y is Meleu, thioMeLeu, y-hydroxy-MelLeu, Melle, MeVal, MeThr, MeAla, Mealie or
MeaThr: N-ethylVal (EtVal), N-ethyllie, N-ethyiThr, N-ethylPhe, N-ethylTyr or N-
ethylThr(Qacetyl), wherein Y cannot be MeLeu when R is Sar;
Z is Val, Leu, MeVal or Meleu;
30 Qs Meleu, y-hydroxy-Meleu, or MeAla ;
T1 is (D)Ala;
T2 is MelLeu ; and
T3 is Meleu.



Zis Val; Qis MeLeu; Tl is (D)Ala; 12 is MeLeu ; and 15 T3 is MeLeu, and where MeBmt is
N-methyl-(4R)-4-but-2E-en-1-y1-4-methyl-(L)threonine, aAbu is L-a- aminobutyric acid, D-MeAla is
N-methyl-D-alinine, EtVal is N-ethyl-L-valine, Val is L-valine, MeLeu is N-methyl-L-leucine, Ala is
L-alanine, (L’j‘jﬁ%{)?g@sﬂ&mne and MeVal is N-methyl-L-valine. The conv%?{ﬁ’ OWBWH)%nng 20 of
amino acid positions generally used in reference of(ﬁlclosporm A is shown below the formula.
Composite names are used for derivatives of CsA, the composite names comprising a first portion
indicating the identity of residues that are different from those in cyclosporin A and providing their
position, and gggsaRAportion labelled "CsA" indicating that all other residues are identical to those in

25Cyclosporin A, For e>s?smple LMeIIe]4 SA acy porm that |s‘g|denu]cal toﬁcygl anexcept
that MeLeu in pé@’tlon replaced by eIIe “methyl-L- isSleucind). In a*furthdr embodiment, the

invention relajestio a nop- |mmuﬁosuppl®sswe530 cyﬁlospon’ﬁ A de&vatlv@ of ch‘r‘PnuIa11 mare preferably

a non-immuna@s : a3 : bly-REA-HAMHROS sUppressive
CsA derivative [D- MeAIa]3 rEtVaIr CSA of formula III for use in treatment of LGMD and, in particular,

from sarcoglyesdmspithy, and more particularly from LGMD type WO
2009/098577%3;/@@8%/000204 7 - In another embodiment, the invention relates to a method
for preventing or reducing muscular degeneration in a subject suffering from LGMD, and, in particular,
from sarcoglyé%lﬁdbﬁ% and more particularly from LGMD type 5 2F,comprising administering to the
subject an eﬁw;y@mgof a nonimmunosuppressive CsA derivative of formula I, more preferably a

nonimmunosu presswe %s %ﬁ( tive of formula 1l and most preferably non- immunosuppressive
CsA deritRitive [5 m&ﬁ a[!é fT *05A of formula Ill. An effective amount of a

non-immunospigressive cyclosporin A derivative is

Q is MelLeu;
T4 is (D)Ala;
T, is Meleu ; and

15 Tiis Meleu,
and where MeBmt is N-methyl-(4R)-4-but-2E-en-1 -yi-4-methyl-(L)threonine, aAbu
is L-a-aminobutyric acid, D-MeAla is N-methyl-D-alinine, Etval is
N-ethyl-L-valine, Val is L-valine, Meleu is N-methyl-L-leucine, Ala is L.-alanine,
(D)Ala is D-alanine, and MeVal is N-methyl-L-valine. The conventional numbering

20 of amino acid positions generally used in reference of Cyclosporin A is shown
below the formula. Composite names are used for derivatives of CsA, the
composite names comprising a first portion indicating the identity of residues that
are different from those in cyclosporin A and providing their position, and a second
portion Jabelled “CsA” indicating that all other residues are identical to those in

25  Cyclosporin A. For example, [Melle]*-CsA is a cyclosporin that is identical to
cyclosporin A except that Mel.eu in position 4 is replaced by Melle (N-methyl-L-

isoleucine).

In a further embodiment, the invention relates to a non-immunocsuppressive
30 cyclosporin A derivative of formula |, more preferably a non-immunosuppressive
CsA derivative of formula Il and most preferably non-immunosuppressive CsA
derivative [D-MeAia]s-[EtVai]“-CsA of formula 1ll, for use in treatment of LGMD,
and, in particular, from sarcogiycanopathy, and more particularly from LGMD type
2F.



10 understood to be an amount that when administered repeatedly in the course of a therapeutic
regimen to a subject suffering from LGMD, and, in particular, from sarcoglycanopathy, and more
particularly from LGMD type 2F results in an objective clinical response such as an improvement,
stabilization*dP HOWEEIh in the progression of the disease. When admiiSEBY 1A ,Oén effective
amount for 15 daily or trice weekly administration will Be between about 1 mg/kg (body weight) to
about 100 mg/kg, preferably from about 1 mg/kg to about 20 mg/kg. By intravenous route, the
indicated corresponding dosage may be from about 1 mg/kg to about 50 mg/kg, preferably from about
1mg/kg to about 25 |peAsthdPMatediekrihetisensicivretelatetoia pheethaddatipedeantipgsition for

preventing or reducing muscular,degenetation in a subject i ad, in particular,
from sarcogl)f@éﬁi'gﬂ}ﬂ ?3%#%8?@ %?ﬂ%iﬂ arl) from L@%&%ﬂ&%ﬂ&@%ﬁ ective amount of a
non-immunogarficedsiyid@s Aalcoyigtasapdthynatd mate earidolatnfremdGMB Bssuppressive CsA
derivati tt . r : i

erivative, 0 g@g@;ﬂé@i&g%ﬂmﬁﬁwﬁﬁﬁm AABABANGRRREE SR A Spirative

[D-MeAla]3-[ ormulall, armaceutically acceptable carrier and, optionally, an

excipient andimemmnestPesEiNR RedsleENgtivawiiaryabicniiaiea@pR 8RN added to parenteral
formulations iggiHGikoalisReBiFA0sALdarakice of RihauRH  caiplispageribnaon preservative. The
compositions may comprise other active 30ingredients, syg tipigtic, a glucocprticoid , a
corticosteroid'm}fegj?ﬁ?ﬁ@ﬂrﬁ§&1@?r%‘9§§§9%§é 7@@%@%&0@%@ _agl?. An The present
invention will pEcexplairRc\hribics beteimwitindsapickesithe dotioapogin viatyativeig. 1(a) represents
baseline swelling, measured as absorb 4 . ' FeNie cle of 6
week-ola ild&rﬁgﬁﬁ%%%tgfv%taenﬁ%? %gﬁgtﬁgggg%%%ﬁ%‘éo ar). l\/%l@)%@gwhg?a% E?rlﬁr?ﬁeg plantar
muscle grouptheuapkicipegimetitaisubjeciaufering fiomisMBs agickeambigulas IBR®r absorbance
measurement, JIREHAIKIAHY LRS- iR B CrAT T s Hpeknatbrsaiian than

om Wt mic

mitochondria fr . 10-Fig 1(b) reBresents changes in mitochondrial swelling after 10 minutes

of treatment vakieskaEINCRl TS RANSE GUSK S @HIPIAYERIFY Satiifalan AP UrBdAce at 540
nm between YRY saiEF-a8R A BRIAE AReshoIHaraamineskd staliidymeffetad\iithduhitebar) and

S e K ibe weskly Sdramsiraton Wi B bawadn JERLR - MM B ARdiGhipts anterior
about 100 mg/kg, preferably from about 1 mg/kg to about 20 mg/kg. By
infravenous route, the indicated corresponding dosage may be from about 1 mg/kg
to about 50 mg/kg, preferably from about 1mg/kg to about 25 mg/kg.

20 Moreover, the invention relates to a pharmaceutical composition for
preventing or reducing muscular degeneration in a subject suffering from LGMD,
and, in particular, from sarcoglycanopathy, and more particularly from LGMD type
2Fcomprising an effective amount of a non-immunosuppressive CsA derivative of
formula |, more preferably a non-immunosuppressive CsA derivative of formula i

25 and most preferably non-immunosuppressive CsA derivative [D-Mema]?’-[EtVaE]“'—
CsA of formula 111, a pharmaceutically acceptable carrier and, optionally, an
excipient and a diluent. The diluent typically is water. Excipients that are typically
added to parenteral formulations include an isotonic agent, a buffer or other pH-
controlling agent, and a preservative. The compositions may comprise other active

30 ingredients such as an antibiotic, a glucocorticoid , a corticostercid such as, e.g.,

prednisone.



15- Fig. 2(a) represents reduction of muscle pathology after the administration of
DAMeAle-rEtValr-CsA in scgd-/- mice. Muscle weight (MW)-to-tibia length (TL) ratios (MW/TL) were
measured in gastrocnemius (Gastroc.), quadriceps (Quad.), tibialis anterior Qé% and heart muscle
from wild tyﬁ\go(w/ﬁ%ﬁ,sé treated with either vehicle (white bar) or DAMeAl P49 (black bar)
or from 20 scgd-/- mice treated with either vehicle (gﬁay bar or second to Iast bar in group) or
D-[MeAla]3-[EtValt-O5A (dotted bar or last bar of gro D- [MeAIa 4- events an
increase in muscle Waﬁgﬁﬁﬁeswwnﬁﬂeé"%%ﬁm@lﬁ&gﬁeﬁg’lﬁ%& It}@ ‘f?g Mesig. 2(b)
represents regifighangoikRRge. pathology after administration of 25 D- [MeAIa]3 [EtVal]4-CsA in
Scgd-/- mice observed in representative hematoxylinand eosin-stained sections of quadriceps from
wild type (Wt) mice and scgd-/- mice treated with D-[MeAla]3-IEtValr-CsA. Corresponding vehicle
controls are also sheWwig. 4 fEprefmsenpebastiine duetibngo Measciep ath elpyhgmmeatrhffistration of 30

D-[MeAlg]3- [EtVaOHn(ﬂ 5}1%?%(3; SR8 ?ﬁ?&?gqu Fartiation Al SR RRSHhite
trichromestained Sections from ragm ? Dia ialis anterior (TA), gastrochemius (Gastroc.),
quadriceps ((haabigndsagesédne laekibas fMﬁ?ﬁhWﬁfﬁ%f(%tﬁﬁdéq 3FRLRAR B[R vehicle (white

bar) or D'Me’“dﬁéc’fﬁk%?s“é&?ﬁb@l%%@@ﬁbﬁ%ﬁé%rﬁﬁﬂ%& micRdieatsslbyitheitwevehicle (gray bar
or second to WO 2009/098577PCT/IB2009/000204 I%séit?;r in, g?ou %??r D- MeAIa!L3 [EtVal]4-05A

(dotted bar oraBEPRANGE FREaRYBTARR RLABRAG ‘E&QW ST Rice. - Fig.
3(a) represengﬁvmmtqs’agémﬁmﬁmewmwm Wtisdtefrom scgd-/- mice after the

admlnlst |on of D-[ EtVall4- CsA as asses f fiber
areas |n |aI|s anter’\%e ﬁéié?&reﬁ%ntgt cf’ude'g %ﬁ%@ I;%%%%% ivﬁlrtlﬁ%%fr%%fvehlcle
(white bar) orﬁ&ﬂﬂﬂ%ﬁﬁt&ﬁﬂ%i@dﬁﬁdﬂﬁ’ﬁﬁaﬁ@c@%ﬁ hingageEea XRREPYEMIcle (gray bar
or second (o IgaL L, i AIgHBAOF R TMEAIRIPRIVAlE LA e iatauraRubaThoBMEbIC <’ means

"inferior to", SPReans superior to"). D-[MeAla]3- 10 [EtVal]4-CsA treatment normalized fiber area

heterogeneltydhfwgiivpam@e (wit) @'tg(h?fr)e?ﬁ‘gs%%ﬂg FeRgi A BRD MIPARASTRFER, in muscle
from scgd-/- nyige pliRathaReRIgistpligRAicdde el Bl alreror arens sensbiddy

15 - Fig. 2(a) represents reduction of muscle pathology after the administration
of D-[MeAla]*-[EtvVal]’*-CsA in scgd-/- mice. Muscle weight (MW)-to-tibia length
(TL) ratios (MW/TL) were measured in gastrocnemius (Gastroc.), quadriceps
(Quad.), tibialis anterior (TA), and heart muscle from wild type (W) mice treated
with either vehicle (white bar) or D—[MeAta]s«»[EtValj"@sA (black bar) or from

20  scgd-/- mice treated with either vehicle (gray bar or second to last bar in group) or
D-[MeAla-[EtVall*-CsA (dotted bar or last bar of group). D-[MeAla]-[EtVal]*-CsA
prevents an increase in muscle weight in Scgd-/- mice, which increase is
associated with disease.

- Fig. 2(b) represents reduction of muscle pathology after administration of

25  D-[MeAla]*[EtVall*-CsA in Scgd-/- mice observed in representative hematoxylin-
and eosin-stained sections of quadriceps from wild type (Wt) mice and scgd-~
mice treated with D—[MeAIa}s-{EtVal]“-CsA. Corresponding vehicle controls are
also shown.

- Fig. 2(c) represents reduction of muscle pathology after administration of

30 D-[MeAla]’-[EtVal]*-CsA in scgd-- mice as assessed by quantitation of fibrofic
areas in trichrome-stained sections from diaphragm (Diaph.), tibialis anterior (TA}),
gastrocnemius (Gastroc.), quadriceps (Quad). Assessed were sections from wild
type (Wi) mice treated with either vehicle (white bar) or D-[MeAla*-[EtVal]*-CsA
(btack bar) and from scgd-/- mice treated with either vehicle (gray bar or second to



guantitation of the distribution of fiber areas in gastrocnemius. Included in the study were wild type
(Wt) mice treated with either vehicle (white bar) or 15 DiMeAlar-[EtValr-CsA (black bar) and scgd-/-
mice treated with either vehicle (gray bar or second to.last bar in group) or D-!%/IeAla 3-[EtValr-05A
(dotted bar &%@Wﬁ?séfbroup). ("<" means "inferior to", ">" means "supé’ﬁgf ‘599/0( 204

D-[MeAla]3[EtVal]4-CsA treatment normalized fioer &ea heterogeneity in scgd-/- mice. - Fig. 3(c)

represents reduction of fiber area heterogeneity in muscle from 20 scgd-/- mice after the administration
of D-[MeAIa]%ﬁbﬁﬂﬂ@%ﬂh%ﬁd@ﬁy@ﬁﬁﬂta@% (Harediharsiifs brHBke QMRS Hi quadriceps

muscle. Mea: gmgﬁwwo@gﬁegé@%@mm&tyme {¥dpmiesctieated with either vehicle (white bar)

or D4MeAlal3-[EtVal]4-CsA (black bar) and scgd-/- mice treated with either vehicle ar or
second to last bar in” r’@uéﬂ%r"ﬁ‘?[ﬁf@,&éﬁg F\Q}% £b Ecﬁf&gj'ﬁg’f%?efﬂ Shiis 8?%535{0&. (<"

means "infericicial./ niicecsiter thepaininistatDA/e RHMLAIMECal Csime asnesaedibid fiber area
heterogeneity in scqd-/- mice. If enh i 'f?é‘l DR A8 Gebinjtigiy 9flPMD
through 3 m;?o |n%é&ar¥'é}gr8§i%,eac‘r?l%rr§?§rg gf o&%%%q%;ﬁﬁﬁm-ﬁpendm effeéc':jtors can bg potentially

implicated as rwhstatwiddyne. (A8) miceriratedomiaeithes valisledWNEPH MY otube necrosis through
activation of tfts%ﬁéﬁi ML 0I535R KAIPaIY Scgignalting nresel witicalndnvelveikin skeletal
tio y

muscle regeneration after injury and the differentiation of skeletal, muscle,cells.

2009/098577 K3y B20ODRSSOPI A ISt bBR B GreuR) A Mﬂ%ﬁﬁﬁ%‘ﬁﬁwﬁ%ﬁ% "LGMD that
inhibition of cajgitpalcalgrRAPinEEtivBasssHiarshte Mtamsatritsupesph 8s OdheiA]fin
(calcineurin) activity by genetic deletion decreased skeletal mus iber o degeneration and
inflamméﬁon,ﬁ%\.,)%hbﬁv’(gﬁﬁ%igfg IW@@&%@%&B&{E %{%v%g%rﬁﬁﬁﬁﬁ%gﬁ% gﬁ‘k%%use model of
Duchenne wherein thEimt8tijoeprésehtnmaictinn©f Abpnsreel deigmaers il FHEHERTY (Stupka
et ., Acta Nepianaliel200d: S eRTddh i BistiRpaapYERVH‘cOMRa AR S B IDIton of

calcineurin activ y in différen dystrophies characterized by elevated calcium 10 concentrations in
muscle cells isipaatitatiablgfdbe distrbirtiespbllios HPRS &M OFEHEEEABILEMSHARMMA F8nd affecting

different_ alteraé@@? QEP@W%@ f\ﬁ}{)%&%ﬁ%&lﬂﬂyﬁigﬁﬁéﬁbéﬁB@MWQW& Another major
mechanism leading to csellular Necrosis is mitochondrial , o .
15  D-[MeAlal*-[EtVal]*-CsA (biack bar) and scgd-+ mice treated with either vehicle
(gray bar or second to-last bar in group) or D«[MeAla]3-[EtVai]4~CsA (dotted bar or
last bar of group). (“<” means “inferior to”, “>" means “superior t0"). D-[MeAla]*-
[EtVal]*-CsA treatment normalized fiber area heterogeneity in scgd-/ mice.
- Fig. 3(c) represents reduction of fiber area heterogeneity in muscle from
20 scgd-/- mice after the administration of D-[MeAla]*-[EtVal]*-CsA as assessed by
quantitation of the distribution of fiber areas in quadriceps muscle. Measurements
were carried out on wild type (Wt) mice treated with either vehicle (white bar) or
D-[MeAla)’-[EtVal]*-CsA (black bar) and scgd-/- mice treated with either vehicle
(gray bar or second to last bar in group) or D-[MeAla]’-{Etval]*-CsA (dotted bar or
25  last bar of group). (“<” means “inferior to”, “>” means “superior t0”). D-[MeAla*-

[EtVal]*-CsA treatment normalized fiber area heterogeneity in scgd-~ mice.

if enhanced calcium concentration serves as an initiator of LGMD through
30 myofiber necrosis, a number of downstream caicium-dependent effectors can be
potentially implicated as causative factors. For example, increased calcium can
lead to myotube necrosis through activation of the calcium-activated protease
calpain, a signalling protein critically involved in skeletal muscle regeneration after

injury and the differentiation of skeletal muscle cells.



15 calcium overload, which secondarily enhances reactive oxygen species (ROS) generation and
further promotes MPT (Mitochondrial Permeability Transition). Increased subsarcolemmal calcium can
also promote a local increase in reactive oxygen species (ROS) leading to greater defects in the cell
membrane ahd AYERH calcium entry, further promoting cellular necroﬁéﬁf@?@%ﬁfosis. 20
Experiments were carried out to experimentally test Re existence of a causal link between the lack of
the scgd gene, the progressive degeneration of myofibers, and cellular necrosis and/or apoptosis
induced by mitochondrial dysfunction. 25 To assess whether calcium-induced mitochondrial
dysfunction can initipigrasitk 3@, (POOTYSREFEEINagroasativndd! oy LMD thas deiditidmith LGMD,
the present inventors compared mitpchondria is Erted from dystrophic skeletal scgd -I- mice
and wild type U B RSHC Y AlEs B?’H%?u% §8Hi’z‘§t%"ﬁ¥|’%'% Eﬁs{:‘%gé%c%gn Z%%g‘tbuffer (250
mM sucrose, {¢aitiveiiiis) Guiivitd byl geiEDiRCtiDo tetregiadtakeleist ks dlepniawedogs, and
tibialis anterior, were suspe es an I R ISRton rfik KCI, 10
mM Tris (%H 998?%%%"%\%&%%3\%5@3 'ﬁi'a S gﬁ%@g&g};pﬁ% %s%%ﬁ%ggi%tﬁ%%baﬁon of

isolated mitochetibigcagenineomusedometaidineesnsaligreiniie phiRiissss eadreHt8009/000204

PEG-3350 (shyikagq)SWelingiBlRdsr ema dRibHebap¢StIpRE & RNABR dasrdpatheRrbance at
540 nm. Results are %esented as means SEM (st_ar:g%ard error of the m aqga%&géﬂ.olf (a) and Fig, 1
ignific

(b)). A two-safffid. SRR3R RS HiEareRaR ORIt A8 RS BAKFEG RS LR ant when p<0.05.
5  Mitochopdfimisisiatastimyis steiennusstiegiiesgtidravtedzedrbyselelstedicalietine compared to

those of wild type mice. They were also refractory to iti [ > y applied
calcium aAd dﬁg?ﬁﬁ RiRne XQ\)@%%ﬁq?n fgéﬁﬁéegvl@ré\ﬁg #ggi%?g%nﬁgﬁ%ﬁ%@insensitivity of
mitochondria giheticgelefiomidavoheddgitoraftattinndifieientattenations ohie Bussierahd
pathological, consi I es'?/??\ ﬁﬁ%?‘g%gi]g@ fects such as a pseudo-hypertrophy response
in gastrocnemm%négn%%%%ﬁ%cg%% ee£?<s age, W)%ifch hypertrophy is associated with tissue

inflammation, a profound reduction in muscle weights with aging compared to the wild type mice, a

characteristic increagg iy ﬁ%ﬁ%@ﬁ@ﬁsmﬁm&mdmm&mmwmﬁmam to ongoing
degeneration and numerous degeneration/regeneration cycles, and a destabilizatioihtgér}uscle
membrai8 daARiEeE ngmwgﬁt&gpond rily enhances reactive oxygen species

generation and further promotes MPT (Mitochondrial Permeability Transition).
Increased subsarcolemmal calcium can also promote a local increase in reactive
oxygen species (ROS) leading to greater defects in the cell membrane and
additional calcium entry, further promoting cellular necrosis and/or apoptosis.

20
Experiments were carried out to experimentally test the existence of a
causal link between the lack of the scgd gene, the progressive degeneration of
myofibers, and cellular necrosis and/or apoptosis induced by mitochondrial
dysfunction.
25

To assess whether calcium-induced mitochondrial dysfunction can initiate
and drive the progressive degeneration of myofibers associated with LGMD, the
present inventors compared mitochondria isolated from dystrophic skeletal muscle
of scgd /- mice and wild type mice. Mitochondria isolated by homogenization in &

30 sucrose-containing buffer (250 mM sucrose, 10 mM Tris (pH 7.4), 1 mM EDTA)
from the plantar muscle group, quadriceps, and tibialis anterior were suspended
after washes and centrifugation in an isotonic buffer (120 miM KCI, 10 mM Tris
(pH 7.4), 5mM KH,PO4) and tested in a swelling assay. This assay consisted of
incubation of isolated mitochondria with 200 pM CaCl, (swelling) or 5%(w/v)



The above findings strongly suggest that a calcium-dependant MPT 20 process is underlying the
progressive-degeneration of myofibers associated with LGMD, even though the latent mitochondrial
abnormality may not be predictive of the severity of the clinical syndrome. In principle, the pathogenic
chain of evve%%BWﬁﬁam of the genetic lesion may be interrupted by &Y [%fg%oﬂrug. For
example, loss of myostatin activity can ameliorate LMD in scgd-/- mice by 25reducing fibrosis and

inducing muscle regeneration. Inhibition of calcineurin activity was repoyted to produce analogous
effects. Accor@ﬁ@%ﬁ%@ﬂf%ﬂ@c&é@am‘?m%§ éﬁﬂ%iﬂ&?&ﬁ@ﬁagﬁfé} B fApTes 1 and 2,

modulation of;fegepyaties AeseneratiGRsyiticsra migsshieticns ohdage ncdEild fstdsttatdtaimuscle in a

mouse model gf LGMD can, be achieved,throu ormalizati ' ialf jon. These
findings of thé’?&b&ﬁﬂﬁ%@wﬁ%%ai Eagﬁ%ﬂfﬁ%ac%g |‘ge}r\[(r§e%a%ﬁ1%ﬁ% %?%%@%&ggﬂ@%eg%ﬁmm, which
treatment targatd wailosh eedeiahly noisidensd sigrifisariunhercE##y0and does not cause

immunosgppression. WO 2009/098577PCT/IB2009/000204 - 12 - Accordingly, the present
invention Telates to the use of a nonimmunosuppressive CsA derivative, most prefera l%h
D-[MeAla]3-[EtValr-dimchanghiaisainigd frem mialei?l usrie ¢k §erdvamirs e Bt At ring from
LGMD. A nongmaeHadssiRpEReaivs thadedstiviRtiypeaniedsTheyunerkialst refrarabinirtg mitochondrial
function in mitochondria prepared from muscle biopsies of a subject suffering fr .-A finding of
tolerance to cBRSHANGREWS @Wﬁpﬁ%%ﬂiﬁ&? %IR}%'% acril:cliﬁcéljl‘r(‘:ga{osr t“gtg;{égtér%egrlﬁ)f the
patient with a peseimewsiupFassive)Ged Biivebye Wilkbeseletiwly of rolachegdi@ Séverity of the
disease. 10 The active compound, i.e., the. .-i@w“ WEreYSIAsIRGqg derivative used for
treating ?) tierﬁ@éﬁ#e%ﬁ?@%ggém? cr:rlwgeiﬁi}ubp{ap%\ mln%‘?gﬁe y ar%y8 conventional route. It may be
administered patholedigab consisieationith doipsirape atholeicsl effepis BEhaDRIRSEYIRIM of

injectable depﬁf& Jréf:?:r ?@g@?&ﬁ@&%@%&%ﬁﬂ%ﬁn%s& arsliyeaibefeme afisielutions or
suspensions fo drinkin , tablets or capsules. Pharmaceutical comgﬁsitions for gral admiunsig}ration
comprising nWWWQﬁBﬁd@BP@WMB&ﬁWA‘H@W&WQQDﬁm el feRAEHRT N s cribed
in Examples. Frethah@iinaghtiespared to the wild type mice, a characteristic increase in
15  central nucleation of myofibers indicating regeneration due to ongoing
degeneration and numerous degeneration/regeneration cycles, and a

destabilization of muscle membrane damaged by calcium excess.

 The above findings strongly suggest that a calcium-dependant MPT

20 process is underlying the progressive degeneration of myofibers as'_sociated with
LGMD, even though the latent mitochondrial abnormality may not be predictive of
the severity of the clinical syndrome. In principle, the pathogenic chain of events
downstream of the genetic lesion may be interrupted by an appropriate drug. For
example, loss of myostatin activity can ameliorate LGMD in scgd-/~ mice by

25 reducing fibrosis and inducing muscle regeneration. inhibition of calcineurin
activity was reported to produce analogous effects. According to the above-
discussed new findings and those presented under Examples 1 and 2, modulation
of degeneration/regeneration cycles and reduction of degeneration of skeletal
muscle in a mouse mode! of LGMD can be achieved through normalization of

30  mitochondrial function. These findings of the inventors enable a new
pharmacological treatment of patients affected by LGMD, which treatment targets
mitochondrial function but not caicineurin activity and does not cause

immunosuppression.



compositions typically comprise the non-immunosuppressive cyclosporin A 20 derivative of choice and
one or more pharmaceutically acceptable carrier substances. Suitable pharmaceutical carriers are
described, e.g., in Remington's Pharmaceutical Sciences, 17th ed., Mack Publishing Company,
Easton, PA 9@63?’93?\?% is a standard reference text in this field. Typicall)ﬁ?r[tﬂ%g%w %(E'ositions are
concentrated and need to be combined with an apb&?p?iate 25diluent, e.g., water, prior to
administration. Pharmaceutical compositions for parenteral administratign typically also include one or
more excipients. Opﬂﬁ?%’%ﬁb@ﬁé’?ﬁ(ﬁ%%%‘?ﬁfﬁ%ﬁ?iaﬁﬁ%?ﬁ,%%ﬂﬁ%P%P(ﬁﬁg'r pH-controlling agent,
and a pfeseNtﬁih’ﬁn&hw&@%mW@Mtweieiatﬁmﬂ*ﬂdeﬁtﬂiékﬁiﬁqiﬁsﬁm ford for the
attainment of preferred ranges of pH _(about 6.5-7. olanity. 30 nosm/L).
Additional ex ggtnggc%%g%gi ir% ornslﬁllli?fo%gsg%@or%\gijﬁ%ﬂiﬁ%c%\sg%%%b%pl% in U.S. Pat. Nos.
5,525,590 and.G}B9 X adnamiriur®sRppregsiveZ0o8/daivmide eantalseRe e fhe indicated dosage

ofa ”0”'5W0n%é9ﬁ§(.g§1%?ﬂ€&mﬁﬁ (RARAOA mid cHBHBHAGS UPRrEa TR RISSRSIBpAIgerivative for

daily to trice we nistration may be from about 1 mg/kg (body weight) to about 100 mg/kg,

preferably fromf atsslbiachsyliteringfremt LoMRy Adinsing efilarits @RIy YRHRATLY
corresponding Ggs AR ERBKAML AMNsBRA b SAOAdIdateeEt B Atk ofrefersdtiyr futmaabout 1
mg/1<g to about 25 mg/kg. An effective amount of a ngnimmungsuppressive cyel ' erivative
is understood QB%W&W@éi@@aﬁﬂﬁﬂﬁ@rg’dﬂ%ﬁegﬁ%(gﬂ/’?ﬁaﬁgci%ﬁp§é%§%%%%Bﬁ)%qutic
regimen to a likMiizgsdient results in an objective clinical response such as an improvement,
stabiliza%gn or slow-down in the progression of the disease. Such clinical 10response can be

assessed, e.g., by Quantitative Isometric Strength (QIS) testing. QIS allows evaluation of muscle
strength in an objectRiewatveitothrositol. prebisuRe NrEHRHGRYPRIESEYS RGP Aent.

Alternatively, W?Wﬁ%@&f&ﬁ%%@ﬁ@%ﬂmhsmﬁmﬁﬁﬁmDmh!@ﬁt@et&@hﬁiﬁstbsebibyhemical
ochemi

and immunohis cal methods known to the person skilled in the art. Einﬂ%f 15 o
electromyograashyoeryeptionsl Feytedt Sirke admisisiRirh eRIET BN SrdBeMTBIREN, which may

be quantified. NdRIgHRSIRERSHS Bilshep@kapristecasidésatioof mjectdisieidepasien determining trial
doses for testing efficacy of a pharmaceutical c%m os{tion of tt]
formulations. Preferably, it will be administered ora

suspensions for drinking, tablets or capsules. Pharmaceutical compositions for

E{ in the form of solutions or

oral administration comprising non-immunosuppressive cyclosporin A delrivative
[D-MeAla]3-[EtVal}4-CsA are described in Examples. Such pharmaceutical
compositions typically comprise the non-immunosuppressive cyclosporin A

26  derivative of choice and one or more pharmaceutically acceptable carrier
substances. Suitable pharmaceutical carriers are described, e.g., in Remington’s
Pharmaceutical Sciences, 17th ed., Mack Publishing Company, Easton, PA
(1990), which is a standard reference text in this field. Typically, these
compositions are concentrated and need {o be combined with an appropriate

25  diluent, e.g., water, prior to administration. Pharmaceutical compositions for
parenteral administration typically also include one or more excipients. Optionai
excipients include an isotonic agent, a buffer or other pH-controliing agent, and a
preservative. These excipients may be added for maintenance of the composition
and for the attainment of preferred ranges of pH (about 6.5-7.5) and osmolarity

30 (about 300 mosm/L).

Additional examples of cyclosporin formulations for oral administration can
be found in U.S. Pat. Nos. 5,525,590 and 5,638,724, and U.S. Pat. Appl.
2003/0104992. By the oral route, the indicated dosage of a non-



20 invention comprising a non-immunosuppressive cyclosporin A derivative, most preferably
[D-MeAla]31EtValy1l-CsA. Primary among these are the toxicity and half-life of the -

non-immunosuppressive cyclosporin A derivative. Additional factors includCe }&emsizeﬂngoahe patient, the
age of the pgi%ﬁ%?ﬁvﬁgsﬁgneral condition of the patient (including mechanf)ca{venﬂ?é({lon, clinical stage

of the disease, the severity 25 of the symptoms), tﬁe1§msence of other drugs in the patient, and the
like. A course of treatment will require repeated administration of a pharmac ticgl composition of the

invention. Ty MAIWNeSHRBESSIME SHEGIRIIN M AEE AN RSl S HireWES IR AT N SERLORe of the
genetic naturerithe fisaaismifaainaga (badyeedi)he sbotinted fey/kg, extfadsddyfesiad of time,
possibly for 30the life of the patjent effectiv armacological treat i D is presently
known. Patierft %Fei’b‘ﬁﬁ%ﬂéoabw}a%@l%%% §£‘iﬁ%ﬁh}ﬂgﬁgg%ﬂ ;%n@f%‘é“?&%ﬁg infection, and any
infection is trecéeesaydisgidelyagehmaytibiotion Heoe| Mgtkg toelBesS7Pe/RaBREie@dp204 - 14 -
pharmacesticgl comiagsitans Rh e RISSeRs NGO BRLARIBIRS.ARBIS Rapre other active

: : K¢ kS, Iror.

. . aboy
ingredients in ‘addition to a non-Immunosuppressive cyclosporin A derivative such as, for example, one

or more antibibtisirPsupRsRssiHeArEoppREsH eNadup dsinniesived je BRI attve
ingredient can,i be adminisiesaddpegibanan RlRLiRe shEMeRPSIEETEIIALEOIMRASBIID or can be

administered separately as part of an appropriate dose re imeg designed to obtgm the benefits of all
active ingredi®entresals B ALRPIRSENG SRR, rRFRUND SHEB PSR 'TBYE tiRistered, and specific
intervals betwggmiasamaireash-gotive iaghe prildesemdod ton diseapecBiccbortiizaition of active

agents employed, 10 the cqndition of the patient keing. e r @ﬁ &sskd.in the
previous@ecti%ﬁ?.@f]ﬁﬁ %%ch%ﬁgfg%%% 'inﬁ'é%%Qgévﬁ'#%ﬁée%?%ﬁlﬁ%ﬁgﬁrgjn am(ﬁzgrits equal to
those for whicQlbeiews Enalwationsf effstiestengtivie ancrhjsstive wgyndthrine pidPhpproved

dosages for stch actiye s hRYES e T eRP IpEHanRIM indsiralieatienheimans are
publicly availa%ﬁg.silgg%gﬁﬁay%e ts, patent ap icatians and publications cited,&hirein shall be

considered to tae® MfenPRieBiHORRBE BYSRIERSHESIHIRIR DIRRTES DY MIOFRBMIEH Aflirther elaborated

by the following.exHBRISSchEM 28! X SRBIRSKHENN ey et ErE o ikes infthie statimally a person
skil_led in the art, and are not intended to be limiting the scope of tr]e im/ gg RS Sﬁ%- in the
claims. THus, BIEHORYREFARRY ITRK AsKUligR tﬁﬂ%%sgg%%ﬁg'ﬁﬁméarto € examples p%\e/nl%;ed, but
should be congitiesh l/RizBaMBALE gogiraifiddll variations that become evident as a result of the
teaching provided herein. 25
Numerous factors will be taken into consideration by a clinician when
determining trial doses for testing efficacy of a pharmaceutical composition of the
20 invention comprising a non-immunosuppressive cyclosporin A derivative, most
preferably [D-MeAla]3-[EtVall4-CsA. Primary among these are the toxicity and
half-life of the non-immunosuppressive cyclosporin A derivative. Additional factors
include the size of the patient, the age of the patient, the general condition of the
patient (including mechanical ventilation, clinical stage of the disease, the severity
25  of the symptoms), the presence of other drugs in the patient, and the like. A
course of treatment will require repeated administration of a pharmaceutical
composition of the invention. Typically, an adequate drug dose will be
administered about once per day. Because of the genetic nature of the disease,
treatment may need to be continued for an extended period of time, possibly for

30 the life of the patient.

No effective pharmacological treatment of LGMD is presently known.
Patients are supported by vaccination against influenza and pneumococal
infection, and any infection is treated aggressively with antibiotics. Hence,



Examples: Example 1: Stabilization of calcium-induced damage in muscle membrane and reduction of
muscular dystrophy progression and pathology 30 To stabilize calcium-induced damage to muscle
membrane and reduce disease progression caused by numerous degeneration/regeneration cycles,
scgd-/- mice VP HEREE with DAMeAla13-[Etvall4-CsA. WO 2009/09889%‘8?9?%’5%6/000204 -15-
Scgd-/- mice were treated by subcutaneous administfation of either DIMeAlal3-(EtValr-O5A at a dose
of 50 mg/kg/day or vehicle (formulation which does not contain the active ingredient

D-1MeAlar-[EPPAITMResMicH SAMRARRILANS RibesPrpset AP UIRGa S PEERCEP Y Biterent
dissected muggirs. fe @RS iFesEERNLS irmaditionns, dihlisramentsupprdssi nyckuipsrivdre weighed

and muscle weight (MW)-to-tibia length (TL) ratios (MW/TL),wete rmined. Results in Fig. 2 (a) and
Fig. 2 (c) are §P§§’éﬁ%% ?ﬁ%%ar@r %%W 's?aﬁagr%r(é?%éoﬁriﬁgeﬁ%rﬁcé%ﬁ@%%ﬁe-way ANOVA was used

to compare mieanaressopgy&ssivenoyelosgieportideriyativpsam NeohedieK oy fargiesaNas applied
whenever,10 PUUIS SOTIR [BRAMUFLE CaRUSIRAUIIRSIALERACIRRIRALRAIMGediom Science

Inc.). Values wéere considered stgni en p<0.05. In response to the numerous

degenerationpeguhairistaresd srraratel-Ashad AR RPPrepEAle SOt RYIRARIRRIZEREIRA muscles
as are seen g5 S1piE Clsruie Hng My E GgRIRMRIMTHE R ob R sAla R giidallhesA in scgd-/-
mice resulted in a reduction in muscle patholo(gy observedq asg re%u%ti n of %ugg-lyggéhrophy
responses in 3RaMR ohgack SoReRIRIAIEIRIA%: R ERERIIO LS| VRR ATRNER OF SReTefal Mliscular
hypertrophy wasgiabaghhtin idepegastiommtiaispd G tombjratnricbpsii@ aaetsertibieyisthnterior
(TA) and about 20 1.2 fold in heart muscle. (Hear. I :05ésteaedescad-/- mice
compare1 to &Eﬁi‘c‘f’é! égfba?iﬁ?n?g@'ﬁé&c%%%ﬁ%%gy%@fﬁ%%g -/j-(ﬁrrsi?céta%%ated.with
D-[MeAla]3-[FikéaidasOsactions Slsthaisisitiond! iadtivedrgieadients vdlbaeppiaikdgsadministered

in amounts equal to those for which they are known to be effective as single

therapeutic agents. The FDA approved dosages for such active agents that have

received FDA approval for administration to humans are publicly available.

15
All patents, patent applications and publications cited herein shall be

considered to have been incorporated by reference in their entirety.

The invention is further elaborated by the following examples. The
20 examples are provided for purposes of illustration to a person skilled in the art, and
are not intended to be limiting the scope of the invention as described in the
claims. Thus, the invention should not be construed as being limited to the
examples provided, but should be construed to encompass any and all variations

that become evident as a result of the teaching provided herein,

25
Examples:
Example 1 Stabilization of calcium-induced damage in muscle membrane and
reduction of muscular dystrophy progression and pathology

30

To stabilize calcium-induced damage to muscle membrane and reduce
disease progression caused by numerous degeneration/regeneration cycles,
scgd-/- mice were treated with D-[MeAlaP-{Etval}*-CsA.



25 (Fig. 2 (b)). Improvement in myofiber organization and normalization of fiber area distributions were
noticed in histological slides from D-[MeAlar-[EtVal]4-05Atreated scgd-/- mice over vehicle-treated wild
type mice or scgd-/- mice. Percentage fibrosis was assessed by means of a biochemical assay that 30
quantified hyBPRIHRSEHE content (Parsons et al., Am. J. Pathol., 2006, 188{E78°188) in diaphragm
(Diaph.), tibialis anterior (TA), gastrocnemius (Gastr?)é.) and quadriceps (Quad) muscles from wild

type and scgd-/- mice treated or not treated with DiMeAlar-[EtValr-CsA. Treatment of the Scgd-/- mice
with D-[MeAla]3- m@@@dg%@gw&@?ﬁ?ﬁg%m&‘?‘i%ﬁ WHI]%E R Pglo%%'&ﬁ I;.I%I‘OSiS in the
different musqiaealay -, 6%AtaiS Hiiséod 20(m)y/koksaymplecidie (foatudsitonofiisiribution of
small and large fibers, and.reduction.of degenerati j i cles of scad-/-
mice after treﬁ?ﬁérﬁ%ﬁﬁﬁmﬂ%&ggwﬁt\qgﬁﬁ%ggl@?egé%%iﬁ%%%%gEﬁgi?éWOSA of scgd-/-
mice partially hoveskizefhgefiet endingistriLvwesksrofispgisRifferact duseded ynyasteschBmius (Fig.
3(b)) andquagdyj es (Eig: ) sdodical reduet easesral _/,gwm cycles.
Scqgd-/- mfce \%%%g%%ﬂﬁ%éraé& g%%%g%éﬁ@?&%?é@v%ﬁoejther“[?i&eAla]S-[Eﬁ/%ﬁ%-CsA at a dose of 50
mg/kg/day or Tieke waighivAARs-taithirlgralinatian saies (MVKGH s wewe Setraninrdidtesiiifscles from

scgd-/- mice 3R slipwed)Hanifisgnt Rfweseeseneusinessf sroaiijsmeder Eher Ok B8R0 urn2)
relative to the wild type mice, indicatin\9 an increased number of re neratirégsfigers ongoing

e
degenerationMRFEIBrABASWA¥LS M &sﬁﬂ%@ﬁgg?e%%ﬁ%?%%%ﬂﬁiﬁmg ShSrIoLe
non-immunosiygeieasieniyiddpal - aWalid-REAs pSidubs testwvascapplktheiregey@ration rate of the

fibers and normalized partially 20 the distributi l3rgedipalspLass AL ks were
observefqn S @%P?%ﬁ’e“}%‘a Sé%.'%)\/ﬂ%(%w3%%%%&%%%]@@9&[I@A%%ﬁ%gEtVal]4-CsA compared to
the scgd-/- miSeitTaedniy. xodaives wettsctonssiergd raigRifant artemA&s of
(D-MeAlal3-1EtValr-CsA. Amounts are expressed as % w/w. Example A: [D-MeAla]3iEtValr-CsA10 30

Glycofurol 7535.95 Miglycol 81218 . .
in response to the numerous degeneration/regeneration cycles,

scgd-/- mice initially presented with hypertrophic skeletal muscles as are seen in
15  subjects suffering from LGMD. Administration of D-[MeAIa]3-[EtVai]4-CsA in
scgd-/- mice resulted in a reduction in muscie pathology observed as a reduction
of pseudo-hypertrophy responses in skeletal muscles of treated scgd-/- mice
(Fig. 2 (a)). Reduction of skeletal muscular hypertrophy was about 1.3 fold in
gastrocnemius (Gastroc.), quadriceps (Quad.)and tibialis anterior (TA) and about
20 1.2 fold in heart muscle (Heart) of D-{MeAia]*-[EtVal]*-CsA-treated scgd-/- mice

compared to vehicle-treated animals.

Reduced pathology in the scgd-/- mice treated with
D-[MeAla]>-[EtvVal]*-CsA was also observed in histological slides of quadriceps
25 (Fig. 2 (b)). Improvement in myofiber organization and normalization of fiber area
distributions were noticed in histological slides from D~[MeA!a}3»[EtVai]4-CsA—
treated scgd-/- mice over vehicle-treated wild type mice or scgd-/- mice.

Percentage fibrosis was assessed by means of a biochemical assay that
30 quantified hydroxyproline content (Parsons et al., Am. J. Pathol,, 2006, 168:1975-
1985) in diaphragm (Diaph.), tibialis anterior (TA), gastrocnemius (Gastroc.) and
quadriceps (Quad) muscles from wild type and scgd-/- mice treated or not treated
with D-[MeAla]*-[EtVal}-CsA. Treatment of the Scgd-/- mice with D-[MeAla]*-



Cremophor RH4035.95 Alpha-Tocopherol0.1 WO 2009/098577 - 17 - Example B:
[D-MeAla]3-[EtVal]4-CsA10 Tetraglycol2 Captex 8002 5 Nikko! HCO-4085.9 Butylhydroxytoluene

(BHT)0.1 Example C: [D-MeAla]3-(EtValf4-CsA10 10 Glycofurol 7539.95 Miglycol 81214 Cremoph
: or
RH4036 Bulyfytitdifanisole (BHA)0.05-0.1 15 Example D: PCTIIE3009/00204 P
- 46 -

[EtVal-CsA reduced fibrosis in the different muscles - by about 1,5% to 3,5%
(Fig 2 (c)).

5 Example 2: Normalization of distribution of smaill and farge fibers and reduction of

degeneration/regeneration _cycles in _skeletal muscles _of scgd-~ mice after
treatment with D-{MeAlal’-[EtVal]*-CsA

Treatment with D{MeAlaP’-[EtVal]*-CsA of scgd-/- mice partially normalized
10 fiber area distributions in tibialis anterior (Fig. 3(a)), gastrocnemius (Fig. 3(b)) and
quadriceps muscles (Fig. 3(c)), indicating a red uction of degeneration/regeneration
cycles. Segd-/ mice were administered subcutaneously with either
D~[MeAIa]3-[EtVaI]4-CsA at a dose of 50 mg/kg/day or vehicle for 6 weeks.
Histological analysis of the fibers of the three skeletal muscles from scgd-/- mice
15  showed sighificant increases in populations of small-diameters fiber ( <200 pmz)
relative to the wild type mice, indicating an increased number of regenerating
fibers, ongoing degeneration/regeneration cycles and disease progression. The
administration of the non-immunosuppressive D-{MeAIaf—[EtVaﬂ“—CsA to
scgd-/- mice reduced the regeneration rate of the fibers and normalized partially
20 the distribution of small and large fibers. Less small fibers were observed in
scgd-/- mice treated by non-immunosuppressive Dw[MeAla]a-[EtVal}“-CsA
compared to the scgd-/~ mice that only received vehicle.

25 Example 3; Oral formulations of ID—Me_&_aF—{EtVaH“CsA.
Amounts are expressed as % wiw.

Example A
[D-MeAla]*-[EtVai]*-CsA 10

30 Glycofurol 75 35.95
Miglycot 812 18
Cremophor RH40 35.95

Alpha-Tocopherol 0.1



[0-MeAlal3-[EtVall4-CsA10 Tetraglycol10 Myritol5 Cremophor RH4074.9 20 Alpha-Tocopherol0.1
Example E: ED-MeAla]3-[EtVal]4-CsA10 Ethanol9 25 Propylene glycol8 Cremophor RH4041 Glycerol
monolinoleate32 For individual components of formulations A-D and for methods of ‘
30preparatidhEEEBRHER Patent Appl. No. 2,222,770, - 18 - Claims Use I STBSMROEHE capeptide of
the following formula: WXRYZQAIaT1T2 T3 - MeVa?1234567891011

Example B:
[D-MeAla]*-[EtvVall*-CsA 10
Tetraglycol 2
Captex 800 2
5  Nikkol HCO-40 85.9 ‘
Butythydroxytoluene (BHT) 0.1
Example C:
[D-MeAla]’-[EtVal]*-CsA 10
10 Glycofurol 75 30.85
Miglycol 812 14
Cremophor RH40 36
Butythydroxyanisole (BHA) 0.05-0.1
15 Example D:
[D-MeAla]-{EtVall*-CsA 10
Tetragiycol 10
Myritol 5
Cremophor RH40 74.9
20 Alpha-Tocopherol 0.1
Exampie E:
[D-MeAla]-[EtVal]*-CsA 10
- Ethanol
25  Propylene glycol
Cremophor RH40 41
Glycerol monolinoleate 32
For individual components of formulations A-D and for methods of
30 preparation see British Patent Appl. No. 2,222,770.



wherein W is _MeBmt; Xis aAbu; 10R is (D)-MeAla; Y is N-ethylval (EtVval); Z is Val; Q is MeLeu; T1 is
(D)Ala; 15T2 iS MeLeu; and T3 is MeLeu. for the manufacture of a medicament for the treatment of

Limb-Girdle Muscular Dystrophy.

- 18 -
Claims
1. Use of a cyclic undecapeptide of the following formula:
5 —W X R Y Z Q Ala Ty T,—T;5 — MeVal-
1 2 3 4 5 6 7 8 g 10 11

wherein W is MeBmt;

X is adAbu;

10 R is (D)-MeAla;
Y is N-ethylVal (EtVal),
Z is Val;
Q is MelLeu;
T is (D)Ala;

15 T, is MelLeu; and
Tz is Meleu.

for the manufacture of a medicament for the treatment of Limb-Girdie Muscular

Dystrophy.



