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ASSQOCI ATED THEREW TH This application clains the
benefit of U S. provisional application Serial No.
60/ 787,333, filed March 30, 2006 and U.S. provisiona
application Serial No. 60/813,085, filed June 12,
2006, the disclosures of which are incorporated by
reference herein in their entireties. 1. FIELD OF
| NVENTI ON [ 0001] The present invention relates to
functional proteins encoded by nucleic acid sequences
conprising a nonsense mutation. The present invention
also relates to nethods for the production of
functional proteins encoded by nucleic acid sequences
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Transcription involves the synthesis of "RNA from DNA

entiretip§. RNA pol ymerase. Transcription begins at a pronoter
region of the gene and continues until termnation is
i nduced, such as by the formation of a stem| oop
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[ooo1)r hDhcggﬂéﬁerﬂ ebheion rEIARE40 ﬁﬁfcﬁbﬁalli)rbﬁlrisfbﬁﬂodﬁmuﬁ&ﬂelﬁ fa@i@
the process of translation, occurrip P

Seq“”ﬁ?bﬁ%’&ﬁ’és‘ﬁﬁ pronpenssnptaiton: e PTFNQA‘%‘S?HPH%P i3 a‘afﬁdo methOdS
for theVRbIGURNUFH8ACtRINAL ﬁo@elﬁmm%h@d b RESIERScid §é{i‘x§h&%s'c@ﬂ1pnsmg a

conprises the three phases of initiation, ongati on
nonsenggdnytation and theqse of pughaprateinsfor §reiVﬁm9ratnwasymweand/0r

r

treatmfl dTR e Y r et M A TR R T SR

rlbosonal subunits that recognize signals on the nRNA
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| reetermnatlon
Transcription begins at a promoter region of the gene and continues until termination is

induced, such as by the formation of a stem-loop structure in the nascent RNA or the
binding of the rho gene product.

[0004] Protein is then produced from mRNA by the process of translation, occurring on
the ribosome with the aid of tRNA, tRNA synthetases and various other protein and RNA
species. Translation comprises the three phases of initiation, elongation and termination.
Translation is initiated by the formation of an initiation complex consisting of protein
factors, mRNA, tRNA, cofactors and the ribosomal subunits that recognize signals on the

mRNA that direct the translation machinery to begin translation on the mRNA.



codons (UAA, UAG UGA) in the A site of the ribosone
signal s the pol ypeptide chain release factors (RFs)
wo eooitnd3and recogni ze the term nati on signal . PCT/US2007/008268
Subsequently, the ester baohd between the 3
nucl eotide of the tRNA |ocated in the ribosone's P
site and the nascent polypeptide chain is hydrolyzed.
The conpl et ed pol ypeptide chain is released, and the
ri bosome subunits are recycled for another round of
transl ation. [00061 Mutations of the DNA sequence in
whi ch the nunber of bases is altered are categorized
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ross_effect on protein structure or function. Thus, a

the mufgny tRNA gangeceeizethie myasense spdans a5 a fesit of mgatensia proteins
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to that of WO 2007/ 117438 PCI/ US2007/ 008268 th
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original amino acid of the wild-type protein; however, many amino acid substitutions do
not have a gross effect on protein structure or function. Thus, a protein produced by the

suppression of a nonsense mutation would be likely to possess activity similar to that of



[0009] There remains a need in the art for nethods for

treating, managi ng and/or preventing a di sease
was®oaiased with a nonsense nutation(s) in a geeE(S007/008268

a human subject by adm nistering a conpound that

suppresses premature translation termnation in a

human(s) by nediating the m sreadi ng of a nonsense

codon and. producing a non-wi ld- type protein(s) in

vivo in an anmount sufficient to treat, nanage and/or

prevent the disease. 3. SUVMARY OF THE | NVENTI ON
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suppressi on of the nonsense codon in RNA transcribed
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3. § R enting and/ or managi ng a
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with gene therapy. Thus, the risk of inserting foreign genetic material into the wrong
location in chromosomal DNA, the risk of overexpressing the protein encoded by the

foreign genetic material introduced into the subject, and the risk of transmitting a vector,



adm nistering to the subject an effective ambunt of a
nonsense codon suppressor agent(s). In particular,
wo b@7prasent i nvention provides methods for theCT/US2007/008268

treatnent, managenent and/or prevention of a di sease
associated with a nonsense nutation in a gene(s), the
met hods conprising adm nistering to a subject
(preferably, a human) in need thereof an effective
anount of a nonsense codon suppressor agent(s),
wherein the effective amount of the agent(s) is the
anpunt that is sufficient to produce an effective

such aaa%% Heddo intfdubORR fordi gﬁgé&rﬁauﬁaeﬂmw #k §&bjsaq9 dekr
by the gene conprising thé Ronsense nutati on.

subjects grpelipynaisénpl es of di seases associated with a
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The oral adm nistration of a nonsense
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[0014] The oral administration of a nonsense codon suppressor agent enables a subject to

take his/her prescribed dosage of a nonsense codon suppressor agent without the need for

a medical professional to administer the agent. This reduces the medical costs associated



nonsense codon suppressor agent. Further, the ora
adm ni stration of a nonsense codon suppressor agent
w@eoorili&3glel i very of systemic therapy to all PCT/US2007/008268

di sease-affected organ sites. [0015] In another
aspect, the present invention provides nonsense codon
suppressor agents that do not exhibit significant
anti bacterial activity against a granmnegative
m croorgani sm and/ or a grampositive mcroorganism In
contrast to nonsense codon suppressor agents with
anti bacterial activity, the use of nonsense codon

with pRivpiigg Seating aﬂdUSr miahadingla dmaseeadsb&ihﬁeds;hgnh ho®RAte mutation

. an acteri.al V|t ain tLve
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gr am neg I%lve m cr oor gani sm and a grampositive
nonsettsﬁ g‘—aﬁ% mmrﬁssomgthl Frathey, the wﬁmn@@mm efa homsgnse codon
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that donedt eRhibit sipgificintaatibadieridlbegviey hgdinaQl driintnepa@ad ASérodrganism
ramne ative, mcroorg nlsma / or rampositive

and/or tiyesmicraorgag tpgégf:@g) F‘@O)f cterial -

remstaﬁé&ohru@&h;%&ﬁlh&dﬁﬁ: Aty . dFt!iﬂﬂYe%dthferL@gbf H6hsbBEASRIon suppressor
reporter constructs. [0018] FIGS 2A- 2E. nRNA deri ved

agentSf%rﬁomf& iexBibitsugrifigant pabactial .aﬁhwnt\weane% AErFgUegative

micod 38 ok ORI H e) Yorbicaions
relatedfogaghiloginglervergrawitsobrayol niierobial floraigrogant agpen with many

chromgél irrii’st%lfed'élﬂﬁ Sfse codon suppressor agents that
sys em ca y admninistered to a subj ect

[0016]( [ 'ﬁhlllsu thenpresantemantion pt@x&d&dﬂhdtﬁﬂB&aﬁfobWﬁMﬁ&ed by
nuclexg acid @Qcé\?e?x%esaccp r‘cfsef n%g nn}ilée%ge atlorxﬁm gr% %?oc%ﬁce(gﬁ' gﬁtlhogis that

"()

ANoNEense
mcludé edmlmsteltlhg almrghsemﬁe bdsrk)ﬂmpgmsm ageh$)i thax ia méllt-tb&:rated in
at .the |ocation of

subjects 8o RoPle g Bk alhrtial o, Shasta sSamenpeaive

microdrpaisnesid/@ addramipdsitiveahitradrhgtisinhan the am no acid
resi due which occurs at the corresponding location in
the wild-type protein to produce a functional

4. Dﬁgﬁlﬂmlﬂguﬁf THERFEGRRESe functional readthrough
[0017P RPN RERGHARIAMRNIC aS R 5R 100 e sel Aot 3 8 05t
[0018] FIGS.2A-2E. mRNA derived from Luciferase-CD40 reporter in mRNA

constructs.
[0019] FIG 3. Schematic of mouse B-tubulin mRNA.

5. DETAILED DESCRIPTION OF THE INVENTION

[0020] The present invention is based, in part, upon the discovery of nonsense codon

suppressor agents that can be systemically administered to a subject (including humans) to



codon in RNA transcribed fromthe gene(s) conprising a

nonsense nutation is useful for treating, preventing
wa@p@/ar74a@nagi ng a di sease associ ated with t heP@DDSENF@®S268

mutation(s) in the gene(s)e [0021] The present

i nvention provides nmethods of producing in a subject

(preferably, a human) in need thereof an effective

anmount of a functional readthrough protein(s) encoded

by nucl eic acid sequence conprising a nonsense

mut ati on, the nethods conprising admnistering to the

subj ect an effective anount of a nonsense codon

suppreSUPRSREAY madeih (3 RNA tAnsc RH $R5 & %\:ﬂ'xé@) ¢Bprising a nonsense
Invention, the functional readthrough protein(s) has
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. .qt.ei . i fi i .t ! ' . .
anino BEESEHE Sdaricd WL blnchat B0, TR Rbpincibo G B hpino acid
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treatin@ i éyentialg Gh@lor infarABingH disdaseaskRbiatddowith g idrBens® mutation(s) in
reporter assay may be used to determ ne whether a
ctional readthrough protein(s) is produced.
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. suppressor agent adm nistered to the subject in
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type ptobsn(sgxpr assharenshudlimentatiiel fun¢tional nen-fildetyipe padtein is full-
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tengthr oot e Fieis ook fRSRFT bl SR PO R sEnet.
The prodateidonofpfustical agaitirongh ptihERhtbel3sdsbel BYYBY M vitro assay
that su reﬁiis a nonﬁgnse codon in a riportir gene,
and/or ju an gnimz) madel; Fgr e¥amRle.Gepgrier 3553y pgy dgdsedtp 4qtgrmine
whethét@efhcifdrial réadBabhigh pEAdia(s) pradiiese. eAkerasti b1y ¥an animal model,
200575‘{":(1‘17438 PCT/ USZ%??/ 008268 7 sequence conprising a

such a3 am @ Joyseay R dEed 10 datiermias yhether g dppetionalnepdtbrough
proteif?§)88BkdHiRed. st op codon; and (b) detecting the
ssion and/or activity of a functional readthrough

expre
[0022]pr1§t°§ﬁﬁifb?mb‘é$weﬂ§ﬁ’ theeetiestive awpupicafa nansens«odpp AuBprgssor
agent 4%in{FREd HEGRIshBjeb PRI dbiiEnd N\GRA théRS YFon {S%gtaﬁélcflgp %ootrhe

one aspect, the present i1nvention provides C
amoun thadl geppresses a aonsaise cedon iprageperids! gene assayrremprisingthe gteps of:

(a) conﬁ%g%?ﬁfﬁ% %%%n‘?fv&iﬁfé I:é’l?hmgmlu&feicaacg&' Elecqtuieg&aéomprising a reporter

gene, wherein the reporter gene comprises a premature stop codon; and (b) detecting the

the ge

expression and/or activity of a functional readthrough protein encoded by the reporter
gene. In other embodiments, the effective amount of a nonsense codon suppressor agent is
equivalent to the amount that suppresses a nonsense codon in a reporter gene assay

comprising the steps of: (a) contacting the agent with a cell lysate and a nucleic acid
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[0027] In certain embodiments, the disease treated, managed and/or prevented by the

production of functional readthrough protein encoded by a gene(s) comprising a nonsense
mutation(s) is not a gastrointestinal disorder. In other embodiments, the disease treated,

managed and/or prevented by the production of functional readthrough protein encoded by
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or a symptom thereof. In other embodiments, the effective amount of the functional
readthrough protein(s) is the amount of protein(s) necessary to reduce the duration and/or

severity of the disease or a symptom thereof, In certain embodiments, the effective
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encodmg the correspondmg wild-type protein(s). The amount of the functional
readthrough protein(s) and the amount of wild-type protein(s) can be measured using any
assay known to one of skill in the art so long as the methodology that is used to measure
both proteins is consistent. In certain embodiments, the amount of the functional

readthrough protein(s) and the amount of wild-type protein(s) are measured by an
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Ve m Croor gani
gram-negagive mmrqorgnmsm snd/et h gnmn-fpomtnvh enitroeaganism.,

[00331:\?@9 il ngn eﬁg ev? %tYlgﬁst fgrglén%?a aeg %ga%%g asxitga%d%tr%gevention
of a diseasp rbwiciaged wmtlnamostsemse I’mptht(borﬂuﬁa,@#rﬂ@), (hermeéthoddomprising

. human). in need,th neffectlv
aaminfIBY o i (bt reRS R e safecfiynpappat of a
nonsessegioidbh sapiresot afar{sy wikdreinahé Mffédhve%@rblﬁﬁ of &he agent(s) is

am neqgat | m Croor gani.sm ram posi ti
suttiof e S d e ARl cogaRRtion Bhb LB iSOl WEmiof 8 aasat(s) for

2 houx@,fw S Houf, 3%&5&9@3&&3 )In 'céﬂﬁﬁte‘x‘\!ﬂﬁﬂlrﬁeﬂts riﬁé léﬁ'e&t@v@ﬁﬁount of the
kg per I n a speci fic enbodi nen

agent(ay lﬁ@eww Oahm&{kg &t SQheedgorrr day- Ina BEQQAﬁ% ﬁm@osllm@t,ktge
effect@@ Qm%g.gt SBihk Qggﬁtﬁs)(@}ﬁet\ﬂbﬂ bded &dtmgﬁg v ﬁ%ﬁ' tdvided into

first and second doses eac ern

three (i%?%W“arﬂm first audisenondadoses eagh being 25% ofl thegotal bmongt 50%
admm?sfterEﬁ] g.n& Blefthi rﬁ '&FQ Bem QG NLEhHE (rricftﬁr ou&%ﬁ TH%t (eds In certain

producti on of unct onal rea protern
other embetimgnisy the apaut(ei doea obthavesigrficant anmmcrtemai ggainst a gram-

s RETSRI 1400 BB I Lo

EXprEss A "cor r espondi ng
[0034]ni THe inveatipn pi@iiddsshethadsifod the( ﬂrd:@tmleﬁt swHagehenttdndlor prevention

could benefjt.fromthe expression par ul ar
of a ifeile EgRiRed Wb EISGN SPOTLITR ETeCD it feeigsis comprising
admlnﬁﬂ&ﬁg]ﬁmj&%r%zﬁﬂ?/ DRERES in h@ecﬂﬁﬁ@é‘df antdffective amount of a
rovi des ds for odu0|ng in a subject,

n°nse?%¥ E'Etgl:ﬂ SHpressgr ﬁ%"rPég gﬁes pReGah T B feantaRBesteral activity

againsk & @%ﬁ&@g&ﬁdﬁﬁi&@bﬂgﬁﬁ%m@ﬁﬂ%}%ﬁm%@§mﬁﬁb&g§§ﬁ% Nh@ertain
Ofl& r?%fa nonsense nut at | On t he

embodiGihis; BierRateating AmEUEH QAthe sesneiRs s hrsven 0.1 amelke te 509 me/ke per
day. Iﬁ%@élﬁ@%ﬂ%d@l@ﬁ%ﬁﬁ: é?f%@ﬁ@e N BRATIRE a%%ﬁ{%o sslgerjcr%veen 0.1 mg/kg

wherein the subject has been engi neer

and 5Q0ymefrgdres day-livided dnfodhree dosas viitls hedirst andeseisond deses each being
25% o&"ﬂ?e tofa‘! %ﬁﬂuﬂpﬂmfrﬁﬁgﬁeﬁ g?&'% tﬂfrﬁtd%'sgégi)nggl%v §f ec?éll %rggunt

d-type protein t has a bene
ad“““ﬁ@ﬁ?@ct In certain embodiments, the subj ect

[0035P9FhE bRk fth bPE s3280LASLadRS Bl Qhotein(s) encoded by a nucleic acid

sequence comprising a nonsense mutation is useful: (i) in subjects that do not express a
sufficient amount of the corresponding wild-type protein(s), and/or (i1) in subjects that

could benefit from the expression of a particular functional readthrough protein(s). In one




produce a sufficient anount of the wld-type
protein(s) that corresponds to the functiona
wo e@dtiimetigh protein(s). In a specific enbodi meert/pUS100®008268

subj ect admi nistered the agént(s) has a disease

associated with insufficient production of the

W | d-type protein(s) that corresponds to the

functional readthrough protein. In certain enbodi nents

of the invention, the subject that is going to

recei ve a nonsense codon suppressor agent(s) is

screened before receiving the agent(s). In a specific
aspect, Q]@Eﬂ"eﬂf%ﬂ proviiRs shEIh&W fok produtRRfd sublRcti@r&ferdblg al fuman) in

nt(s) wi || produce a functlgnal readthrough

need thﬁf?@f é%arecé)onai Teadiharuedy ProteialeTRoAed 2 fHeleiq agidsqauprce

compn§§1§%%geﬂs@ SBLESATS)) ehd ReuRlk @Sﬁlbﬁﬁng RRhis@ng e the subject
agent(s) to adm niSter to the su Ject Section 5.6

an effepiéyampid vf aawnsnsh 6ador Btppsesseragcht{s whieeain ghe sqbnm bas been

engmeg-l]é& t @?flﬁg{'léeofﬂe %ﬂ@@f@@cﬁ& Jeﬁ@e U cﬂicﬂ?ﬂ?ﬁifa : Rr A h

ce a uncti o
functxopabteedtiudugbmratemﬁs)l @r@samcui tg equikdrtypequatsin thahbasea beneﬁc1a1

effect i 1§ @o_}e%{] 1t ! r esr%ﬂ)&% P‘L ehtsd thci'] sfuiyg ¢ Q&m%ﬁ&@rcﬁqgeo %génﬂs} @(?es not

ARSCr
produce @l saﬂimenttammine oﬁthepmtdmkpe groteixd(s) that ¢md§pmdmd|thgﬁﬁmtmnal

esatb i BRSO s AR 8 Pl B b e

has a dts&a@gass@matam avithr m‘smié‘ﬁiann graaiudiio af theasitd @t prdteii(t)that

sln tation that_ results
correstiifs 1 GRS AL AR 2t e RN ST P hedi et e
inventid8N@e lsEbjett tlvi@t 15 @oirg@oTt&ve R HoMschediglionisippiesdridbent(s) is
codln for, the corresponding wild-type protein, the
SCfBen?f’eP?foP gesipinedhe @ger&@& ) %ﬁm%e%@%bjﬂé% fubJect is soreencd

to deteharn%ff&émgym@ Mwmahuwh ARRHoA 1S5 RRAroRBh 9f6t€9t§)v n another
anount of nonsense codon suppressor agent I'n

embodgpentaihg Séhﬁéfdis seseered tordeterpting theedtegtie pmonnt qfithe agent(s) to
admxm@fé? f&&%%uﬁfégp VSe%Hgﬂ fseéﬁélbwa;gs%eé metH¥as Wéépt%engr{?stubﬁ etts.

Iclent” to uce an eftective anmount
[0036]f Uit inventionr mdnﬂpawg ithepusstadiamnopaensd eddary suipgesgenagent tp
produc%%%ngtm}x%g reggﬁxrg%h pél%?elg fﬁfo%'?g ngle%r%ﬁ? Sedu en%@%omn%xﬁgég a

nsense gent
mutatmmttﬁﬂfbsuhgid@gdqﬁ&rem atap domloa omiheoRNer trmsbnuedrﬁnnsthe theleic -

of t essor

acid sefyerte rplsyR I MisniH bR AT FRE OPA ek BR IR WPlesnonding
wild-typenpeetei. diipatiaflah) did/kﬁeéntlcﬁ). prodidgs ahnetthbcﬁaoprgwﬂtmgwaanagmg

2007/ 117438 PCT/ U 008268 14. 03
and/or §Ra0g FAfERSe FreeERH aeg%ft?ofémfm frBht Shlisgn o
differehfst8$ GMdﬂﬁQge mwl\Ab h‘aflbkﬁlbeﬁ\fﬁﬁﬁ lth'tﬂgdln‘é rBl@hvﬁfb the stop codon found
. amngyc i de n-1imti exanp
in the R, gg.ﬂafegorr?saeflﬁl&s vg@ﬁfympe?tﬁm, élterr@ﬁibeﬁfemwsmg

admmafenlﬁg% a,suigasta@y&bfam}t QUHABAG i) ned¥ethblclE i Bffe @RI MEhIht of a
cetin,” negamycen, paromycen, sisomcin, G418 and

nonsen;é |°P FUPPECSEPIPEeAh alnRFstalteinbediments, Yisetfactive amount of the
nonselfsEJQQ% Pessbi Y RPRYRE amotRAAR RURAIATR pﬁﬂﬁ@é all efibctive

ccordance with the invention is not one,
amount pf e Sunstionekreadshraugh rroteinenonged b theagsinei An Some embodiments,

the efféét[v%%?dﬂﬁ‘f thhearIHngé}fée%d&?E‘lgﬁf%ésﬁr adBP§ABHGEL 0.1 mg/kg to 500

I'mcin, neo
mg/kg per day. In some other embodlments, the effective amount of the nonsense codon

suppressor agent is the amount of agent that results in a plasma concentration of between
0.1 pg/ml to 500 pg/ml.



neganycen, paromycen, sisomcin, (418 and/or a
derivative or analog thereof. In other enbodinents,
WO b@7nonsense codon suppressor agent i s used iPCT/US2007/008268
accordance with the inventlton is not chl oranphenico
and derivatives or anal ogs thereof that retain
activity in pronoting readthrough of a prenmature
term nation codon. In other enbodi nents, the nonsense
codon suppressor agent used in accordance with the
invention is not an oxazolidinone. Non-limting
exanpl es of oxazolidinones are |inezolid, eperzolid
[oosnanﬂ e QRBodMeRR] h¥doh¥&se tH&SEQIpprdsBorCflech®hddd in accordance
nbodi nents, a nonsense codon suppressor agent used
with thennaee@paan@eawwogh/eoeﬁs eNondimpinggramples of aarpeglycosides

d ) srapdicaen tobram til
nely g%}g@é}’q%& SO S80I, Srsmysin, bremugn i migp
neomymv/fraﬁﬁ%tnm%mnym parpmayden, sisomicim Kb 48 mechdsmvemv@s%d

Yo W 5 f f ' .
analogd G0t Y SEAHE chb Qlimes WP HGRE Doctibn SUEBR Beent used in
accordandenwith ykmomwekmoras nokaxzea [twd) ﬁhmfeeor mowd/afithe followmg gentamicin,
chl ora enicol in a || base ani nal . npdel
streptofieSt, ARRES R dPnatelsD. P aBoiorRiet o ey i
negamgcén fpefommmea,eﬁsﬁnmﬁd @ 1 8dndsresddrivativeé &Oé}&]og thefdf! Bi Sther
nts, the ponsense codon Su essor ent . used
embodSHORS, (F Aanisse Sadth SRBrecHy AFeTA Uob Foonraasyithih

inventiodisHbecHlorahiphBhical drd ddri/ativiésor dnaldds tlﬁ@é(b'ﬂthﬂt rfedéin aét[‘vnty in
speci fic enbodi nents, the nonsense cqQdon suppress

promofiBg fEadir LB PLARREEAN RMBAton ko 4R offer fbogiments, the
nonserfs€ @BQ&F Q.lﬁ)fresI@xbig:énﬁluseEQQ|a€coraanc-55\biﬂ? th iBVentRli8 nbt ad N

ot her enbodi nments, the nonsense codon suppressor is
oxazoligipone. NemrdigHtng exaraples phoxazoliginenesare\inezglish, gnergolidl pnd
analogk %'E' AiGatifel thePofl 86 Bt lethbolifinSRE! xgdn%cx%g%%g {éﬁpﬁ‘cssor
the nonsense codon suppressor use I n accordanc
agent ysed in aceonddnga With the inventionpoeduten s glatdren®unt {iatlsbmes,
embod]BBNE, I, ?@% s, 2961 238 %99331)/J 058 5H%, 35%, 60%, 65%,
ieh nonsense~codon’ sup agent “used
70%., 13% 28056 0d arm:eand\m dthethanbadierhiso - 95&/@310%95%; RE5%6-95%, or

10% e or) 3t e R R B ol igh R G Rlen b P an

aminoglye6d¢, darixasolidifor, apdet émermreaa;a inla Bbased assay, animal
leCT/USZ 07/0082 8 13 ewbodlgg ,.tg%IW sense codon
mode ?6?5’%’ rE &, hereg or fPAWR R 9 RENFENSE AP Yh

supprek§ion, conpound described in Section 5.2. In certain
enpodi nents, the nonsense codon suppressor agent, used

[0038};" pin.gextgineAbesigients e onseAsACPEPR FUPPACERIGRSHhHSerin accordance

with t}feQEl%ﬁtfbn' is nof #ESMpSurld of foRHN 2 fdrilulf11, R BI bMforkfdla IV.
eci fic_enbodj nents, the nonsense codon suppressor

In sxaeca & §MbedEpent, the ReNSERTFCROdANISHPPIEESOT Hseshin) asgordgnee with the
mventfb‘?ﬂp ﬂHMc&BP(IﬁM & ’lgable:r abt&h1do, TJIﬂQ'B‘?or FaBle SR Gné& ' N

her enbodi ments, he honsense codon sSuppr essor agent
embodeme@tsi the naams@acvdm sMPpressdrds nat/z eetmpeuridsofforuulecVfgrmula

VI, for%ulg Qflﬂ%ﬂm}{a \fIﬁ"c;p'iJoﬂnMa’ D{. olrnrgﬁta@if xlelnbodlments, the nonsense

codon suppressor used in accordance with the invention is not a compound of Table 5,
Table 6, Table 7, Table 8§ of Table 9.

[0039] In certain embodiments, the nonsense codon suppressor agent used in accordance

with the invention does not exhibit significant antibacterial activity against a gram-

negative microorganism and/or a gram-positive microorganism. In a specific



formula VIII or formula Xl. In specific enbodi nents,
t he nonsense codon suppressor agent used in
waewondasee with the invention is a conpound oPCTaki0687/008268
5, Table 6, Table 7, Tablas8 or Table 9. (00401 In
certain enbodi nents, the nonsense codon suppressor
agent used in accordance wth the invention interacts
with 28S rRNA. In a specific enbodi nent, the nonsense
codon suppressor agent used in accordance with the
i nvention binds to specific regions of 28S rRNA In
ot her enbodi nents, the nonsense codon suppressor agent
embodii@fh, ik nﬁﬁ@ﬂe%ﬁ@ﬁ S\#X;r@ssbp Qﬁérﬂ YiSEH infR BRI WRith the invention
interact with The present 1nvention
is a copnernd descaibed mswm 5-2 e dnie¢ntain gmbodiznents thy nenrsentterpdon
[ r
suppredlor Rt Rl i e AR R 3t R0 B0RR SFlompuln
fonnu@di,oﬁonbeu Ilhlemléiormullarch dlntsamnﬁe rodaidireerts, the hensense codon

opr S e AR LB S LB R B P
Table @ior ablepe Y athexd embddimeﬁtsmheeim@ﬂisﬁendm suppeessor agent used in

functi | . readt hrou h r ot.ei a cti,o
sccordgliiE W PET JHE-RPD I TP AR dP T DR forea VI
formufalMHI bﬂﬁﬁhmuﬂwg.{ Wi ﬂyergﬁ&mﬁdﬂxﬁﬂeﬁ(sﬁhemhyerﬁb Ei)@drﬁsupbf&ﬁa)r
corr espondi W t e protein t. the_am no
agent (80 5 A BRPS L IS IPBSRLPY aB o BROu BE BRbIE) TaRA®. Fatle 7.
Tdﬂesmﬁqhbﬁﬂgat the position encoded by the premature

rm nation codon. In other enbodi nents, the
[0040]f uh}:%qmFmﬁeﬁ#nwnFSd the RANSERSSICORAR SYPRIFTSPBAZENE pead intascordance

with tI6eOink SRR Gk StV - ZtWAOtIﬁ 'a'%&)lﬁc Ehnbo@imdit & TRl nse

acid residue in the non-wld-t proteln(s) that was
codonisyppressey agentiied oasdcordsncemd @I lrbymtlhebmde mtusmnceﬁc regions of

28S rﬁr@A %He)‘? %nﬁ)gq ?Hents alﬂéjné%é %s@éoc@ﬂ sﬁg%n%% o?gg?rﬁc use

non- w
accordahcsmtheh@ Udedh@ydaesmoe mxumecEWEthrlr%SrrRN./nn codon. In

[0041]?;{[?5 Pge%g%ﬁh?%glo% pr{){': glesg % ﬁ%n\%lgﬁﬁltrégcggrfulggtp?(l)tgml(s% encoded by a

nucleic ecidessguacte rcgm;mlsmgtmpeeme otweation, witieh prnging) &gprdduced by the

et SR Bt it ek L 23 DS DL PLELCS) prtinis

found tedatized iettle byll aethd SaME NGt 28 HIRS Edrfspondih % dﬂme@pb)br&ein In

risin ucl cid sequence i nt er est
some ?‘PL%d‘ et g el OFIR S ringtipgal wep-wild-type
protenioﬂﬂlib&ﬂwnmfhbﬁg O é/rRRRRA81 n&ﬁvﬁlﬁ&yﬁ@ﬁﬁﬁ&ﬁ@ only cﬁffers

tation(s) |nterest) In certain enbodi ments,
from tg%f’?“?ﬁi’t’m"é‘ﬁl‘v %mmrefegl(sméhwe}re aeidhegsigiug dpy etm@-mld—type

protein(8) fhabRAS idstRe AL bGERb chdtiie QJyI thé §re§ha&§xle texfrﬁlﬂﬂﬂxc?n codon.

atlent that is receivi ng or W | be recel Vi Nng

In othﬁa%mﬂs@eeféd@ﬁ fangtionakra-wildetnpe nyotemﬁ;) diffass from the

corres]?(?:lfmg% gﬁlgf ak&gelﬁgaj (efﬁschg Q?B}boe%?a g\e%gc%% nt gﬁi ﬁmldstglpe

protent(s)sféalabwed msexrted 2t the positibh as¢adetlibyahe etematunmtaimmatmn codon

and (i ot i BERARRE R R0 e 305 SO o b B a6
encodddby a;»sa:yatng: mhmmgem teddm rmrmhaemlmdﬁmelma, the mﬁfx-®$i$d-t5g3e

proteinafstﬁ:ﬁllteXéth r(lo é’l ¢ fhe sgrtne gtHI Sghreac%rr%spondmg wild-type protein). The

amino acid sequence of the functional readthrough protein(s) produced by the methods of
the invention may be determined by sequencing the protein(s) produced by a cell

comprising a nucleic acid sequence of interest (i.e., the nucleic acid sequence comprising



and dosage formul ati ons for adm ni stering nonsense
codon suppressor agents, including preferred dosing
wo e@menss and phar macoki netic profiles; di seaseST/US2007/008268
associ ated with nonsense matations, including
di scl osure regardi ng the nexus between nonsense
mut ati ons and the di seases recited herein; patient
popul ati ons suitable for the disclosed nethods of
treat nent, managenent and prevention, including
nmet hods of patient screening; and therapeutic
endpoi nts useful for determning efficacy of nonsense

the noreAY MEABBHEY D interdSIS: ntrﬁcerfauileIQEEtheBkm& ééi’lQ‘?a’ﬂraﬂ&]‘ comprises

used herein, the term_ “premature trangl
the nuglgip geidseaBercer dp @speqific epbogdiwagnty the gell 4 wlbﬁpﬁw pafignt that is

reCGIVlﬁ? dh9aR b@ r&%i’ﬂﬂ% Q%o'h@én@@ QQ&&Qst%r&onadEeﬂﬁs)a Ah Gt a
op° codon used herein, the term

embodimenisdhe éelﬂrdms sze@l ewr@rbmnmpreseethg nyejeigrpgid sequence.
fo042) RIARBEL, BRI IBRY BliPark RSEERE, Sty SRGIGHMNR

codon aummedser agants; réferaneesstiing tomit ruethote farimaking thecageuts; thethods
for ass?ﬁ %ﬁe%é - for ggggegg %‘odo%n gxagress § Ecsét(iev&)p q%tlﬁes oF acﬁmms?ratlon
and dosagerfeﬁnoladbngfdrmdﬁnnlamng nansethss b@ddmbdp@res[s&%ﬁixtsﬁmaludmg

herei.n, the.term "nansens refers,to, a
prefertid A55inE S¥iten’ A HAPacORBERE AT Sissabs Gt Wi
nonser3e inthtatdor, Hichplie®didclos§d Qéga]rdlhg this Aekuieebivéen HdiGerise miMations

nonsense C on su I essi o and n&rnse codon

and thf’s%lﬁfﬂssggwrg F’é’f‘é lsn&ﬂ?é’“raﬁ'ﬂ%?‘flf ths diselassd yrthgels of

treann&{t emBhatiePndnt ARG prdvieRilod BK18ding MEABEINSST pHEEh e cfsniHENAnd
decay. 1n one enbodi nent, the inhibition or

therap%qﬁ',srfméggnn&]uwful foF detamuning ¢TH ARGV tmseiig/codon suppressor

agentshonsense-nedi at ed nRNA decay is in vivo. In another
enbodi ment, the inhibition or suppression of premature
translation and/or nonsense- nediated MmRNA decay is in
A1 r DEFANIREONS) 7438 PCT/ US2007/ 008268 17 [ 0048] As

[0043]USKEuERN RIrbin, tHeQeRR AR Mat¥B BdhAh{iON thiliBRRLAER to the result
translation term nation and/ or nonsense- medi at ed MRNA

of a myfatigy that shanges aeodpr comefpradingio 6n agune adid be é§§iipcﬂ¢db§1~
[0044]a' Aéﬁ{l J&&ér?iﬁ HRMEIm Oﬁoﬁegﬁ%%éﬁa&a%ﬁmﬁw ?5 S8R to aﬂg .

is desirable to 1 ncrease pfoductio
mechaalsmnhet mcduteSrtba dedayd ghRAStconfriming o peempiyretrgpstasion

peremature stop codon, i.e., to permt
termm%(; d%cgdr ough of the premature stop codon of the

[0045]d| Asasel yeeia, 9@ te:maén ‘iramatone wimidatioRNAde “pmwturetsl‘cqn
codon’ Hgn J(‘)nfb rsiorgsggcf n re erLir %lae [ ansél cg% a L %ttm% %g]flcgr? %v ere a codon
corresp,qmdlt@lml eatammocﬁcxd ﬂmuh@bme codon suppr essi on

[0046]506,5 Eeéfl?%ﬁl o;he terrrll angnesgrllsreank%ll.lt%'agg” Pt m%o a mutatlon that changes a
codon that codes for an amino acid to a stop codon.

[0047] As used herein, the terms “nonsense codon suppression” and “nonsense codon
suppressing” refer to the inhibition or suppression of premature translation and/or
nonsense-mediated mRNA decay. In one embodiment, the inhibition or suppression of
premature translation and/or nonsense-mediated mRNA decay is in vivo. In another
embodiment, the inhibition or suppression of premature translation and/or nonsense-

mediated mRNA decay is in vitro.



an MRNA with a premature stop codon, then nodul ation

of premature translation termnation and/or
wmensanzaes medi at ed mMRNA decay entails down-r egedCBUSZINT/008268

of nonsense codon suppresdion. [00491 As used herein,

the ternms "subject” and "patient" are used herein

i nterchangeably to refer to an animal (e.g., cow,

horse, sheep, pig, chicken, turkey, quail, cat, dog,

nouse, rat, rabbit, guinea pig, etc.), preferably a

mammal such as a non-primate and a primate (e.g.,

nmonkey and human), nost preferably a human. In certain

[0048]6@99§.eaﬁ{&§n 3G HP "‘ﬁ{btdula'tl%n%@ g?émitﬁfb trdRidion temﬂmon

d, adol escent or adult. ne enbodi nent, it has
and/or beewnS@meéina’m aRW Ardgag’ rpfm.ss m:the seguietiarhef ganexpression by

altenng% 150 o%?ﬁﬁ%ﬁﬁg &%r{‘&ﬁ,% deﬂ?gpmﬂ'hgg* ?leI it it f@%&lpﬁ{le to
mcreaq@nﬂe@mtmm’fmdtmmmm rezd eowsgh pmtﬂmemndetlhv qogﬁneemh has

premai i p8A it Pl b e BrerffIREE BB faon ine

dlseasdi’gm‘t(bortrmmmnaﬁrdf ghe\RBIA) canl atcar) thidremodulatidn € ptemattidee

|s of the tient are vj.ra nf ected.. 1005
translafiG JErmapasiah ey e e MR dRchr ety pprrediion of
nonsen8 todRLiprédsioaC tCotiverselyg it Ivsdesiralile dopraget ltueedegradanon of
crotgrganl sm and/ or a

tive_m croorgan
¥ Wit8 aRyematiys SR fOdorg adh“@gbi&f@%@g PrERRRERES( %Z)“ f‘%‘é?f‘
tenmnﬁ,\t%h AndibimdN4BhicheBiated MRNANEGRAY leataila f&lo(:dw-l@kuﬁfnon 35 Qonsense
g/m or nore (in certain enbodi nents, 300 gg/mn,

codon @‘&H*EFSSI%O gg/ m, 450 gg/m or 500 g/ m, and in ot her
[0049]e r@@ﬁéé@ieﬁ'étréx ﬂﬁCtE‘lttns’Z@sz l anliGpaiit ageol%dg{efgm HierdRbhgeably

to abouf when added to a culture
to refeh@ommlw €8s Qth(gaQ,us eep; Rige chickemindkey squnilo patadog, mouse,

o S, BT, ol Aol B £ 0 B
(e.g., m@d@m asd @pnwé,anoagscﬂe(a@y 2 hamahakl aerlsam:em‘bod'thg /thg patient
is an e%&frgé;ﬁ'%lg,l iﬁg%ﬁ,é‘%hﬁl;dnafo sgglé}n%%;iﬁ*t | 1 o&hﬁx?e%t q Hajts ' been

determémdolodtiroveght iare-satreningabét thé pdltldno pamsﬁes hOﬂﬂscggé nfutaor? Sin

anothep SRR g prertirer i A AP £ efing Which Bonsense

mutatlﬁlCﬂHeLﬁéZﬁﬂt? h&08 26 8AABUGRE o RBOGR) In ého@h&rtekﬂtﬁd&ﬁditymeqfatlent

e S50 RS AL Bt R, o5 oS o,

the cel(s@ﬁﬂé patierft akd VirRlyREond. of Enterococcusfaeci um
49624, and/or a culture medi um of Enterococcusfaecalis

[0050),9A5 ysed heyging thephrases doppatiexhibitsigaificantiratifpaterial activity
agamsﬁsp Eﬁnﬁ-h@éatﬁeﬂ&&@étﬁbm%'dﬁd/dr %?ré&ﬁ%ﬁ)suﬁ;eqﬁﬁ%d}géﬁgm” refers to a

, reduced fat (2%, low fat (1%, skinme
nonsensg ﬁoqi%n SyRFgessaE e } thabhasg miaimpre inhébitary gpneentrgtign (MIC) of

250 ué{ﬁ’ﬁ: bHARze hh%"ertgfnoéﬂﬂ?omgﬁg 3o ;?g/ﬂﬂ% uﬁﬂ* e@@pr%{eﬂﬁ 450 pg/ml

cow, 0, goat, sheep or cane
or 5003®1/m1namd uandwaﬁylhmrnerﬁa@bqu@wdmmtmab@t 1600 ¢gul or 250

pg/ml to about 500 pg/ml) when added to a culture medium of a gram-negative

-

microorganism and/or a culture medium of a gram-positive microorganism. In a specific
embodiment, the phrase refers to a nonsense codon suppressor agent(s) that has a MIC of
250 pg/ml or more (in certain embodiments, 300 pg/ml, 350 pg/ml, 400 pg/ml, 450 pg/mi
or 500 pg/ml, and in other embodiments, about 250 pg/ml to about 1000 pg/ml or 250
pg/ml to about 500 pg/ml) when added to a culture medium of E. coli BAS 849



[ 00521 As used herein, unless otherw se specified, the
term"substituted" nmeans a group substituted by one

w0 o0070um30r nore substituents, such as, hal o, PCT/US2007/008268
trifluoronmethyl, trifluorasethoxy, hydroxy, alkoxy,
cycl oal kyoxy, heterocyl ooxy, oxo, alkanoyl,
al kyl car bonyl, cycl oal kyl, aryl, aryloxy, aralkyl,
al kanoyl oxy, cyano, azido, am no, alkyl am no,
aryl am no, aral kyl am no, cycl oal kyl am no,
het er ocycl oam no, nono and disubstituted amno in
which the two substituents on the am no group are

(perme‘éﬁie? o @k Aediuh by P, aarugrknosé RA8KY, la. cuftukARMRIRTHS. aureus
ylanlno ar al kanoyl amn substi t ut ed

292134 QiR mefiump of §uﬁ§fi¢%flr§d23?§/ (GNSAY, 2 sulBue madiwg of
Entero%c?cjuk ?&&Ydﬁﬁbm ahfJR 2 cultltihE Bk of B’itW'JcBb&s faecalis 29212.

ar al kyl t hi o, cycloalkylthlo heterocycloth
[0051] 5] A nsed; herein, wn lg$stathermase sp&clé‘lledyﬂhcmr@n ilk” includes

standal%l%i%ibﬁglbm gg@d ce&‘?é{'(%dgﬁggyt‘at (Wﬁ's{éﬁé%ﬂ% l%a} and lactose-free

milk. Bhe teomn ‘Gaitkiondso 1m:a1d¢a et fl(om g huﬁi@xlleli)a domdsstatedl amahal (e.g.,

I
cow, bgﬁ%ﬁgg%{ sl{e%p bzm'ona}l as welfly 'O hl( ane zg%y xglcjﬂ;clnl%a e oﬂr %/cHl aining

hces hére are
produdtl.l trogen sel ected from al kyl, aryI or ar al kyI ),

Y VTN D ST .

substithifetl &y )dne to fbirastahye, subitituérts,dyth a@)hﬁald;i ﬁhﬂucmbhidﬂh)dw
and t he rein, as._note

i ke.
‘“ﬂ“"‘?&ﬁg'{“?’i}’u gﬁ‘{‘%’xf/h B FIELoaIkyOX Yy P° 9?)’9(”06‘& alfaneych

alkylcdrbbhSéyciodus] &@@rﬁr{}loﬁy ear§lﬁ}vl3 %Il&ﬁof'lbﬂm cyaf8, #@d!Rimino,
conS|st|ng of alogen koxy, aryl and

alkylaging, ppyilaming. aragrlaming:. gyc OQ!}%‘%V% heteregyelqagpip, mono and
dlsubsﬁﬂﬁ’&i arthitoSH WHRES tHéQ(NorE%ﬁ&ltﬁéfxﬂE‘ 8n thdHAidb égr#:?ﬁ:dﬁelected from

herein, unless otherw se specified, the
alkyl, arehnazalkyls alﬁcan@xlémm%@r@ﬂ@htnomalkanoylannammbsmuted

alkanog{)cﬂnﬁg Céu'bgmpi/e%ragfﬂ%ﬁﬂq @lﬂ@&itggﬁfag@%y‘le&a&‘& ﬁx[%lb Mkylthio,

car ons - an
arylthipy :gamnyabioy cjleldalkattmon haemc}zclotmqur@lsdﬁuam,\aeyltluamw r at ed

aralkyﬁlluog? %hﬁﬂlg\n§onymﬂ?§uﬁ'owqCar%ﬁc?ﬂs'u%%xlgg lﬁ%lf rrarn1¥lﬁ (ﬁ gp tSﬁzNHz),
substltutedcmlfyhamtdn ity kcardody - d@rbﬁzty}ll’(e.gvﬁﬂbﬁ-lﬁatuﬂsah&eﬂ carbamyl

(e.5 CORBERRY, CONMPRD AN argtk SR BHinces wisfs, i o
substitderdt®bh yﬂl&hﬂtmgen gel¥éted BOR éllk?lér 31%'1 BERLAUGA ATK DI 2BBnyl] Bryl,

substltrgnstgat P {fpté'ﬁél'n aggﬁ)@{%?ffyﬁ&{§pc %s, rff{g{l%yﬁﬂ%lyl furyl, thienyl, -

thlazolgi YidhE pyHdyR p?nﬂhd‘&ﬁtahﬁ R, , Wherbifl 4¥8{00ed £k Yihe
-di met hyl penty di met hyI hexyl

SubStltEel’&S gﬁ’ﬁeﬁeh‘ﬁ?ﬁ ﬁ&i}qrﬂjeg s@sgp.ﬁg% ﬁW}hW%/ substituents are selected from

the gro%p?c‘oqblgﬁﬁﬁb!f H’QB o, all§hl %lk&&y”ﬁfﬁ%@ ﬁ?éYiyl In a particular
- di_nt hey - di et Ayl hexyl ,

embod!lmﬂmdﬂWé?m ﬁh@k’}‘l’ted 29@1 RRLIMRARGYRNO. 3- et hyl pent yl ,
[0053]2 &% U#‘{}%&g{ wﬁe@st &K&x{% pec&ﬁ:@t ¥ éa‘?ﬁ( ylllf(gl” meerns a saturated

ent eth ent
stralgh2 Ch@n hvy braancmympsmlyd hy@ombchyhavingefrhyi hex 29 | carbon atoms,

t h h
LA ——
saturat8d Straightethayn hldgyls inelnde tethlyl, kahylAm-@t’dgyll -grloutpl, expetitgl, -n-
hexyl, ul?lcﬁgptyl 1 —%tc?y , -Cr)lr-ndc’ryy %Hi t-ry.ﬁgéjyl; \gvjﬂﬁea ga%%tce%jbranched alkyls include

-isopropyl, -sec-butyl, -isobutyl, -fert-butyl, ~isopentyl, 2-methylbutyl, 3-methylbutyl, 2-



al kyl groups include al kenyl groups and al kynyl

groups, which are discussed bel ow. [0054] As used
whesogilm43ginl ess ot herw se specified the term "etREs3007/008268

group” neans a straight ch&ain or branched non-cyclic

hydr ocar bon having from2 to 20 carbon atons, nore

preferably 2-10 carbon atons, nost preferably 2-6

carbon atons, and including at |east one

car bon-car bon doubl e bond. Representative straight

chain and branched (C2- Clo)al kenyls include -vinyl,

-allyl, -1-butenyl, -2-butenyl, -isobutylenyl,

methylpe)atﬁexlh?émyﬁ entdt, 49ﬁah rzaéhtyl ﬁn{éﬁi}‘]b!éxyﬂ -Pietiphexyl, 4-
- 2-"net hyl -2- but e ut e

methylhexyh Sy ey znrésb@?ﬁrhylbutyl ek ehgety el metylpentyl,
2,3-dimed FVM dxm&hﬂﬁ@iﬁnils-dmﬂe’t%é@l'b 2-112111@&9%)&&)«1 2,8-

dlmethﬁﬁeﬁé@a;d}mweg{]neggbéﬁbb 2&1313332?@%&5; 4, "aﬁan?thélhewlk% ethpflpentyl,
3-cthy iKY, 8- PR, AORIIHERIY e AEANBA A OS OB ARIAS Bletny-

3- ethyl@mﬂpzmhw-eﬂwl;tmlt Mhﬂrzsﬂwﬂthvu@emeﬂ{y@@myl yl, 2-
e e e
methyl- é?etE}/']E'y g?gu tlh e gltl rf?ﬁ \M% Ylﬁﬁ)‘?ﬁ %fgl cﬂe opﬁlg&g{ﬁ ?h3é q
dlethylmyi gy thedikey dxmmlkyb@oup aun be uhslmsn@xtd:d)oxz@bsaum Unsaturated
e ef er abl 0, carbon .at.ons
alkyl gy BiesRIEerg! B And eyeY! GREPT RUR bR g KEed sl
[0054] oG sad h@ﬁlﬁ; heH othler@ise sb@;ﬁﬂed tRepees Calkeyl\growt T megtsta

h dhb hed k I
g by B AN YR 35 o o,

more pre¥érﬁ§l§'t2¢ma karbog 'atdiﬁsn tnydh‘i brefex@b[iei Byzeronbi&SrMB,Vind mcludmg at
-4-pentyn - 1- hexyny - 2- hexy

least oqu}mypargoqdﬁgﬂ@ 991;/{1 thralg cB@pﬁqg%ranched (Ca-

Clo)alkeéylg?ﬁc)fﬁﬁg ~vvmy7 aaby UYJbuten%r DEUBYTRAK 1, -rsgbutS}WD)Lh wpentenyl -2-
- --decny,--ec

-9-d
pentenylhé-meﬂyl lmemyli -@r@eﬁyyh-a hyfteny: \éa'j Q lgi/-@gﬁnybnl-@gxenyl
d - t 3-

e g B, SO TS s,
octenyls ub-abnd:nyﬂ,ed-no[n@@jﬂﬁﬁ Asnwhdlﬂbﬁ?@l)ﬂs, -ZUdﬁCéBEI tﬁ'ﬁé‘?am’h@ld the
ke THRBGH R B S50 D GRERL B 8 O Sy 0 ot
unsatufdH gﬂSﬁﬂCM&ﬂl&ﬂ@B gro%@ c{aﬁ%lﬂnsnﬂstm@ oharbstltutedml ess

erw ec i.fied the ter A
100551 A e gegh ntess S e soraren Rechit: PaPEaERe PR mens o
stralghﬂdt‘,}hdm bﬁbﬁﬁblﬁk@l&{l)frﬁé}aﬂlﬁﬁyﬂﬂﬁﬁﬂﬂon%vﬂgﬁiom& ®i 20 carbbestoms,

ot herwi se specified the te means, an

more PRFRGRY 17055508 AEScr oS EHERL Y QA H B A Heipe 2
lease 0fé c%bﬁ-cﬁ?do%ﬁﬁleado@xﬁs Rep&&%ﬁhvé\smgﬁdcﬂam £idbrantheis€C,-

ot herwi se specified the term ‘al ki/vl ul fonyl " meanz’
C10)31KYAV1§3}P°18@Bﬂcé’?ylenSéBP’é?WW -lubupayh -Zoepmyls 15 S

pentyn?p QY %eg'l_gci -%q%rﬁ?l %gagn ]e I-ﬁ% §02 egzg lzcﬁﬂiﬁ’exynyl -1-
heptynyh e2-h|epmyl Fobepynys - hg@arnwe r%PﬁtP’th réostyavhed wogynyl, -2-
nonynyiPSELEARTL LGib Sy -2LRENRYY L9-a8lhyi,GAtkA Kie. The triple bond of
an alkynyl group can be unconjugated or conjugated to another unsaturated group. An
alkynyl group can be unsubstituted or substituted.

[0056] As used herein, unless otherwise specified the term “halogen”or “halo” means

fluorine, chlorine, bromine, or iodine.



mean - COCH. [0061] As used herein, unless otherw se
specified the term "al koxy" nmeans -O (alkyl), wherein
w@bdoyl117438 def i ned above, including - OCH3, - OCHCHBS2007/008268

-Q(CH2) 2CH3, - Q(CH2)3CH3, 20 O( CH2) 4CH3, - Q( CH2) 5CHS3,

and the like. [0062] As used herein, unless otherw se

specified the term "al koxycarbonyl" neans -

C(=0)O (al kyl), wherein al kyl is defined above,

including -C(=O O CH3, -C(=0 0O CHCH3,

-C(=0 O (CH2) 2CH3, -C(=0 O (CH2) 3CHB3,

-C(=0 O (CH2) 4CH3,. - (=0 O (CH2)SCH3, and the Ilike.
[0057] | A SuRdHedih, adﬂ@stg‘w%mt ctified B18d RfH “AhRalkyl” means an alkyl

bi ohydr ol yzabl e (i sﬁe ester is hydrolyzed to a

(i
group aseperivad lter%}eusabﬁtﬂuwtvwal oRe prmoraklogaEleNs: As used
h &
[0058]' eAfoxya Pélﬁ Sl s I?)?ﬁéﬂv?% %Qﬁ?i'e& e hﬁ\%ﬁﬂ@o W?;emeans an

neans ene) -G rein
alkoxy gzeup a%der@ynbed herﬂmcs@petrmtthwh ane af mpre éqlgw Hems.

05915 e 05 IR TR s

-Alkyl{SUBSUOr AO;ealkyl, Whemimalkyhisatefined heabwwelm)pehng +840b-CHl, -SO»-

R o R e P DR B A S A DR PR CRpl Gl the

like. a carbocyclic aryl group are all carbon atons. AryI

o001, A0TSR b ORBRATR: AR RS Ay oy

mean CJn)(InHunds as well as benzo- fused car bocycl iC rml eties
such as 5, q, 7, tetra dr ona| hth an he |i

[0061] b3 %?egk}}eﬁemﬂrﬁesé&“r‘e Gieqpgeiied ‘fﬁ?ﬁ‘&gﬁ Xy F‘}‘ﬁﬂs gp-(alkyD),

whereifl| |aﬂ<WI hs @eﬂﬂeﬂ@hbo{;@ RAGE&MEADCS, f, a@&:ﬁz@m W GHSICHe

anthracenyl uor enyl, indenyl,

|
‘O(CHa)ZGHén'Q( iy éﬁgn@wc%é}nﬁmlﬁyl . A carbocyclic
[ooezlar/xé udte elﬁ%xbs% dmw?s%tgﬁea&ﬁd e temb ogfytzﬁgon)hg%s-

used herel n, unless ot r'm se speC|

(—O)Or(stl@'rlb avhgrein gikyhis defined abovs emlndiagoﬁﬁ?@)ﬁﬂlhg -C(=0)0-

O b I PRI e o0 M Sk S R o

(CH,)s0lh, ared thedikeoin aprefeeed binpodinient,3hb estersaat binhydrolyzable (i.e.,

ind entI sel ecte d_f.ram ni trogen oxygen, or
the estg IF?‘ ggm %‘3 ?ﬁhoxy %amgt"l’ 2 UP%e "’h"c)r ude conpounds
[0063] h aAl$ ns,eddmeemr urifessethidrivgse sptebltﬁetl uhe&rmuatko&?allkgh’oneans
clic c

~(alky IO SR et R RS B aBmennonlian dRglergpa o3 dgfined

above, tifidladiak ¥ CH, 08H ;2 20O CHOR BiY | 82 HL Y OCHYOH (0 WICH 0 (0H,),CH;,
benzof uranyl, thiophenyl, benzothiophenyl,

and the;like i soxazol yl , benzoi sot hi azolyl, quinolinyl,

[0064] PYAS 84e herbiR @ IMds.otROFAZR) dpecifie @K@te%olayw meh§ azcembl:ycuc
benzi m dazolyl, thiazolyl, benzothiazoly

aromatrfsm&%mwnmqo%@z%ww ripg e@mSazB}wng quswizq caghocyclic aryl
group zﬁl‘. ra'll'Ea%d?)YAtomQ)’ 391 g stnidthn@d intlde & H9%hving one or more

phthal azi nyl, qui hazolinyl, benzoqui nazoliny
ring straghires sugh as munor.rhid pr triexelioxampoynds 75 welbapbenze-feed

carbocYEIRHRBIHEY b&Sh £'5,6 YR eth) §lnaphthyl and the like. Preferably, the aryl
group is a monocyclic ring or bicyclic ring. Representative aryl groups include phenyl,
tolyl, anthracenyl, fluorenyl, indenyl, azulenyl, phenanthrenyl and naphthyl. A
carbocyclic aryl group can be unsubstituted or substituted.

[0065] As used herein, unless otherwise specified the term “heteroaryl” means a

carbocyclic aromatic ring containing from 5 to 14 ring atoms and the ring atoms contain at



[0066) As used herein, unless otherw se specified the
term"aryl oxy" neans -0-aryl group, wherein aryl is
w@sgoodaiiseed above. An aryl oxy group can be PCT/US2007/008268
unsubstituted or substituéd. [0067) As used herein,
unl ess otherw se specified the term"aryl al kyl" neans
-(alkyl)- (aryl), wherein al kyl and aryl are defi ned
above, including, but not limted to -(CH2)phenyl,
- (CH2) 2phenyl, -(CH2)3phenyl, -CH(phenyl)?2,
-CH( phenyl )3, -(CH2)tolyl, -(CH2)anthracenyl,
-(CH2) fl uorenyl, -(CH2)indenyl, -(CH2)azul enyl,
least oné %}Jﬁ%}ﬁt ﬁ%keralﬂf)q to t3%térb§t%ms£ Q{Ql%?énd%ﬁtl §9lgctgg 'ﬁ%h{‘mtrogen
unl ess ot herw se Specified the het er oaryl al kyl
oxygempasglfur. (Hetegaarylring srustirgs includesompeundikhaviegane or more ring

structuFi@st rﬁcg %E ?/J(.)cf@r ’(eoéﬁ%;r 'g)‘?/gr%lﬁégs Pg%%F%%%@ gwl%lé& hBRfocycle moities.
Represc{GHR} Bplmoatyls aro Tidepi il oﬂ(dsmlﬂybmdyl furyl,

benzoﬁ;{%ﬁ%tﬁa ?r%ll ‘6 hgoepn f%t lﬁ ﬁ)g qlsé&az?léﬁgé%% fg%él l yl,

qumoltr{yCI-ﬂ@)'hﬂﬂz mdoﬂsdpdsbmzylyl, k&hdoﬂ:dzelylu Mdaicmﬁlﬁgénzhmdaaelgﬂ

. el unI S. othe cif
thiszol} Kn B scraaniol Fayty sy zaiyl Y g yrigpigiav
pyraziﬁﬂdtrwzydylﬁdlﬁmﬂﬁfyﬂ Ijﬁdxa&b@ﬂﬂ qlhlﬁﬁidlﬁiyll,gaenbcbtlun?wﬁhhylltT;athﬁﬁnyI
. Lo - enyl , -O- phenyl ) 2
pyrimidyl @Q(?ff‘?gﬁt@) groép expy Cﬁ%’ls g‘t?d]g‘(s@h?)“‘é‘?ﬁghr aceny! ,
0066 OAéGh'E’d hern, 8RS oth v S el TkRINYE ternfdridd? ’aﬁiém 1
[ ]- (CH2) napht hyl., S?:md tlhe like. [ 06e70] As u%ed her ei nary
group, uﬁheég@ ayhisesdsinednbovei dm arHioxy sromp eayltbeowpépwtuweéﬁs
substit@tedmonocycli c or polycyclic saturated ring conprising
carbon and hydrogen atons and havi ng no carbon-carbon
[0067]rmA§ usecehersing ynlegs ethenvgsg specifipdohe tq;rah“qgﬁlalkyl” means -(alkyl)-
(ary)), W&ﬁtaﬂ gafyl are el b 6L -inEXAIR! 65 E:l%lﬁ'}iﬁaldqgl kyl

roups i cIu but are not Nimted-to

-(CHz)m'l)mec +(@&{Mhe©rlo&§§3)3ph@yudﬁi§phmlbp +@d(henyl)s, -(CHy)tolyl,

R R R BRSO RS SRt Cigngohii, and

the likeat ur at ed cycllc and bicyclic ter- penes A cycl oal kyl
002! BB3E5 5 pHASYBRGR Atsias P I Hefpataton megns

—(alkyk)l(hetbtdbyﬁlb I\Ohdfrbllﬁglk)[l QAd hbtefsaryibad defined SboveNingRRling, but not

limiteQ oDyl o oot KoR BT & it on CapgridyDs.

-(CHzﬁmsmglen(@H%azeml -COBLo¥adiaXe 19g -(CHHfurdl, NGB ofuranyl,

bonds, and the ri ng atons contain at |east one

‘(CHZ)rF'é‘PBP?}Qtlo‘ﬁ?Hp}bé‘fPéqt jophenylyandathe likeer oat ons,
[0069]' nﬁ@ REEWREELnY uARL£6thEvikd YBCIHdd RO %yﬁﬁégﬂlo@*%eans -O-

fur. Heterocyclyl rin structures include o
(alkyl)c@mdwﬁbl@reﬁm}kﬂgané weyl@re gefined ahoyesinelyding byt ratdimited to -O-
, [ u -O-
(CH») t@gloc(? C(CH;%%e L) bgf(ﬁgé}{m ?WPC , @%}H@ﬁg&g)"g %-XCHIEJ%SIyl 0
(CHz)anthracenyl, -O -(C z)ﬂuorenyl -O- (CHz)mdenyl -0O- (CHz)azulenyl -O-
(CHy)naphthyl, and the like.

[0070] As used herein, unless otherwise specified the term “cycloalkyl” means a

monocyclic or polycyclic saturated ring comprising carbon and hydrogen atoms and
having no carbon-carbon multiple bonds. A cycloalky! group can be unsubstituted or
substituted. Examples of cycloalkyl groups include, but are not limited to, (Cz-
Cy)cycloalkyl groups, including cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, and



ring. Representative heterocycles include, but are not
l[imted to norpholinyl, pyrrolidinonyl, pyrrolidinyl,
w@R@enidsnyl , hydant oi nyl, val erol actanyl, oxiPemnys2007/008268
oxetanyl, tetrahydrofurangl, tetrahydropyranyl,
t et rahydropyridi nyl, tetrahydroprimdinyl,
t et rahydr ot hi ophenyl , tetrahydrothiopyranyl, and the
like. A heterocyclyl ring can be unsubstituted or
substituted. [00721 As used herein, unless otherw se
specified the term "cycl oal kyl oxy" means -0-
(cycl oal kyl ), wherein cycloal kyl is defined above.
cycloHeBS/T hrid bi 2T X bid
T T o AU R Bt MIc5BloSRSF bl Lo B
unsubssitptgf joy sybstigytef.o RrafGably, theeryeloalky} erow is menaeyalikying or
bmydggﬁh.efined above, including, but not limted to
-0-cycl opropyl, -0-cyclobutyl, -0-cyclopentyl,
[0071] 0As ps¢cbherxin, unless etheivabespegifiedahd terie*Netdrecy iyl Tebnia

I.0.q:.unless ot.herw se s Lfied the ter .
monodSf ob Bb el ic ok KmBe S FRTRy4! ikl Splihpetiy paving 1
to 4 mdBiplebohdsh anvdthei rivg atdims gonthirt atriedst bherhétecbatan, preferably 1 to 3

N3 M G
structun‘esfer;hc}'iﬂé eompouniehsing ﬂ&r (lw'kmlere&@@g: kt?\llilcﬁiﬁi';ts Ibtj&(ht ?erl)x)lo-, bi-, or
. ..'a am nq ns . - a or -N(a K 'y i

iyl by ity RyFeT s RERCRHUNLERdt by RrBR0E bicycli
ring. Reépreécghtiviethebdtobizles ibEl bR B8 are MUt LieiRorpholinyl

-NH( CH2) 3CH3, - NH(CH2) 4CH3, - NH(CH2) SCH3, - N( CI-{%B 2,
pyrrolidigqmsthawgyodidinyy piperdinyk-hygantoiny bugicrdpsteny). oxiaayk petanyl,
tetrahydréfirardy? AéRhn R opyiaflyINREEhPdropi &S5l Qétkﬁxé'l\ﬁi"o??imidinyl,

S ed th me -NA(aryl),

ecifi € term "aryl am no ans _
tetrahyghethionheny, tetrabydeothinpyranylogrd thedieudd heterasiyelyhoing can be

unsubétib?@eff-l%g shbsti phenyl), -NH(tolyl), -NH(anthracenyl),
-NH(T 1 uorenyl), -NH(indenyl), -NH(azul enyl),
[0072] NAS pged biérain, inless\bihaenile bpdcifjedahd terire“dyickoalk\\xy” means -O-

couoff05 NI RER g, 72, 10077 22 e

rwse specified the term
[0073]' aAy lus¢kpérain, nalessrethesvise dpdc{fbddait YerfratfosicloaliyhdkglioRy™ means -

O-(alk?ht&%ﬂgg%ﬁéﬁépﬁ?erir? c?cﬁéél%ﬂ%n??@l%’ﬁiafé Hgtlirlfle%i a%%ve, including, but not
limited NHidZelopripyt,aCeepyoigbuti+@ldZclopentl, e0ydyklohexyl, -O-cycloheptyl
d h-H CH2- (i ndenyl ), - NH CH2-(azul enyl),
and the §Ke.cLp - (pyri dinyl ), - NH CH2- (napht hyl ),
[0074} NAs pSEiPheteln) DERYS dthepVite sdRifldd4Bie drBPTHBinOaIkBRP Imeans -O-
h]g in, uqnl ef& 'Otdhﬁéw se specified the term
(alkyl)- 57’21 whetein alkyhis defiasthabavenneludjag, bat R fmitggh o Q-CHz-NH, -

O-(CHRY.LLNPB] loykciss);detii, ned H,i 06l cedi ike.
( Hﬁzl{lzl—l- g?/cl oJr(Jrgl?));I %Nl—l-((?%g g’t?ﬁtit?(wﬁ&?’g?é@getﬁ?ﬁ{e

[0075]. Npys a5ed bpreiny nlesppiherydbosesifiad the term Trikylpwmeno froeans1

-NH(aﬁalyﬁe-@Ll(Qﬂ‘ﬁ")@'(&lkylz,'\bﬁegéilnk%{a?fi%éﬁne%%%%,' e, b&f DBt limited
an1noa|£¥ means - (al kyl) -

to NHCH3, -NHCH,CHs, -NH(CH,);CHj, -NH(CH,);CHs, -NH(CH,)¢CHj, -

NH(CH,)sCHj3, -N(CH3)p, -N(CH;CHj),, -N((CHz),CHz)s, -N(CH3)(CH>CHj), and the

like.

{0076) As used herein, unless otherwise specified the term “arylamino® means
-NH(aryl), wherein aryl is defined above, including, but not limited to -NH(phenyl),
-NH(tolyl), -NH(anthracenyl), -NH(fluorenyl), -NH(indenyl), -NH(azulenyl),
-NH(pyridinyl), -NH(naphthyl), and the like.



NH2, wherein al kyl is defined above, including
- CH2- NH2, -(CH2)2-NH2, -(CH2)3-NH2a - (CH2)4- NH2,

WO @A) H3NH2 and the |ike. [0080] As used her eP@r/US2007/008268
unl ess otherw se specified28he term "al kyl am noal kyl "
means - (al kyl)-NH(al kyl) or -(al kyl)-N(al kyl) (al kyl),
wherein each "al kyl" is independently an al kyl group
defi ned above, including -CH2- NH CH3, - CH2- NHCH2CH3,

[ 00811 - CH2- NH(CH2) 2CH3, - CH2- NH( CH2) 3CHS3,
- CH2- NH( CH2) 4CH3, -CH2- NH(CH2)5CH3, -(CH2)2-NH CH3,
- CH2- N(CH3) 2, -CH2-N(CH2CH3) 2, -CH2- N((CH2)2CH3) 2,
[0077] - BkiRsdd Kérdin( Cﬁ:@%ﬂmm@&@cﬁid«tﬁb@rﬁ; “arglhlityHaminok eneans -

NPT ENE AN TONT LY. N L DN E VA MR

-NH- Cﬁpéem)s UNHLQSEQEntﬁﬁa%BﬁyI) ag- Cngoﬁm@ym,ommm-(mdenyl),
uppressor” refer tq_ any .cQ

NH-CHy AR NEL - GYOdis0 By P aie a5t oNES Ry ohenyD)

and the Tikdr ate, polynorph or enantioner thereof, which can
cause the readthrough of a nonsense codon in vitrog or
[0078] i As used, berefroabrss atherwise spraifiedithederm figyolpadilpmino™ means -

NH- (cyl%fo% h3H kvhe{'eq{; %gggm P H&fﬁb&sﬁe Méi‘&cﬁﬂ aGH- é&%?dﬁ?epylofNH-

nor e used ereln
cyclobu'tpll; dﬂHWyahIpectyp;@{H@orpl pmle'rl‘éHthC@hPE‘g'i ed the hk‘F -m ng

[0079] 2K usgé’ﬁér%?n %%3%5“8 1R edifEd ARItESn %ﬁﬂ%@}kﬁ Hfégﬁ% (alkyl)-

oco |ncI dés d05|ng S
NH,, wﬂemmgjkybrgldeﬁnsd abd\@ao 8@luding tCHaNIE:, e(GHz2)3-Ni2, -(CH2)3-NHa, -

ref o t he use of nore than one
(CHZ)“'?ﬂ'g‘)é@_& )Srﬂ’é* Fhe term"in conbinati on" does
[0080] N®s used heded, dnll'ﬂs Otlt&ﬁnsle r?.pad’lﬁedltltehennﬁialda:slamiaoalkyl” means -

R

alkyl gﬂ)u d@ﬂh@@abé‘x@ fAdhding rCHQ-NHJQII{ﬁSCH@HCHHCHS, 1 hour,

0081) 2o P el B B SR B B

NH(CIW@@3O7§H§24§§{£@H L@%Q@I?b@ggﬂf(&ﬁ&mmemk cMeeks, 6
12 weeks before), concomtantly

N((CHVDEQH;)zo—CHsN@EqM@ﬁbCHo)a (CH)-N(CRibpped ths Itkenut es, 15
[0082] mMs%ccl geﬁé(?n The Véfgﬁh Oéxr%gmu‘%ﬂﬁ\gng ﬁoﬁ%ﬂﬁe cc?donrkﬁggl%smﬂg

urs, hour s
actlmt}h’bal f‘sqns@ﬁsdmios suppreesk 2gentyicasids nonserme eRdon shppeasker” refer to
e kS0

any coliiR of pHEFS ooy deleniible SR IREAREAICAR, hidhre, polymorph

or enarhiather hisseofHwhich canscapt ﬂhlreactth:roagu |o§ eavpsensy eodon in vitro or in

therapies are adnministered to a subject in a sequence

and within a tinme interval such that an agent of the

[0083)i Nvetdeddiereda a Abtrapegid pretocol’t lefas td h e¢gitke péfiynitgand dosing
provi an.increased benefit than if they were

of one gHMORE BEEAPIY: ot herwi se. Non-liniting exanpl es of

[0084]t hey aRideRrdinad “sraphylacticaphdtotioBt efees td a repdnien Létimng and
th the other codon suppressor agent include
dosmgzgﬁ' 2P s moge therapies.

[0085] A used herein, a “protocol” includes dosing schedules and dosing regimens.

vivo,

[0086] As used herein, “in combination” refers to the use of more than one therapy. The
use of the term “in combination” does not restrict the order in which therapies are
administered to a subject with a disease. A first therapy can be administered prior to (e.g.,
1 minute, 5 minutes, 15 minutes, 30 minutes, 45 minutes, 1 hour, 2 hours, 4 hours, 6

hours, 12 hours, 24 hours, 48 hours, 72 hours, 96 hours, 1 week, 2 weeks, 3 weeks, 4



anest hetics, anti-convul sants, supportive therapies
and any other therapies listed in the U S

w@barmeaepoei a and/ or Physi ci an' s Desk Ref er enB€r/US2007/008268
[0087] As used herein, the2terns "manage", "nmanagi ng"
and "managenent” in the context of the adm nistration
of a therapy to a subject refer to the benefici al
effects that a subject derives froma therapy, which
does not result in a cure of the disease. In certain
enbodi nent s, a subject is adm ni stered one or nore
therapies to "manage” a disease so as to prevent the

weeksP5 UHeRS \9&1@ 8 W&"eﬁ? rarriq Wkt Berab)s @@tﬁ:%nﬁfanﬁysvyx'ﬁpto? m
t hereof. [008 used herein, the term"therapy

subsequepios(eto lammm oi wawites, Ftmisutesnd) mine b mmmss Ehepr, 2
hours, Qﬁhdﬁ?% HJhé§ RS IRhEY SRS 4§q.{(1])er eZ?%Br%n 6 Qbuls! AR weeks,

a disordér or a synptd certain

3 Weele&:ﬂome#é,rﬁ week$a @ weakn 8 wieeks py 12 veskeks aften) the dxinginégriatioh of a
secon ﬂxeefégy&yto a%ﬁﬁgg{ %#H@%agng%# Bg gs d#sé’e%ﬁ?o%it%)%%’nga%? f "ﬁ)e hperaples
are adohisistetielr toarsubyj e@h‘p& sequeher aof within wtimp adefiat such that an agent of

._enbhodi nent,,, a_ponsense codon s ressor a ent
the in B8 655 = oo AAR D aE0RE Prae) W RES Pt P Rt than
they warerdninisigred @ﬁibr\fzvm’ee\lﬁdﬂ -lipitting ékdnﬁ}ﬁ%s @ﬁlﬁbﬁp%es@ﬁattohﬁ r?e
I.Str Jon O er.a 0O a su ect refer to the
admm&?f‘e‘s@m FUh wtl?m&l&%@spme%%% SipRERTor aegElnp e gnalessios,
anesth®flts afti ROAEIEaO) supporitide Mherdpidd HRPSE &hexathéx\éﬁigsqmed in the

hereof in a sub ect resultln fromthe
Qesk Rq 2 e

- As used herein,

[0087} h@a st@Ed Berein, 8R! terms t‘ﬁﬁa&geﬂg‘ m m ”ra‘i@t“i'i%{}fa ex‘nQntt’hﬁthe
context of the admnistration o her a ?

contexy g fthecadmiaisinatipn of B shesppiiochsubipet mferamth? gpmﬁqzﬂ effects that a
subjec USBGRGroM ' gelrs%mﬂm %Eg)ﬁmiesﬁt ¥4 &m& Bf—‘ﬁ{y HEARE: nl &ertain

certain enbo nts, such terms refer mnim zi
embodimentspa suhjedris mm;stpmgl Qyfe of paore] rtbeeames toe‘éndmagng afdmase s0 as

to preé{h&tl@eﬂéﬁo&%&?%ﬁ@& %rggng%gfs tgg hf%g%‘t ?B%E&glsthér
[0088] uAls used hareing ther tektd ‘ﬂ&@éﬂyl’]r&fbsﬁto%y/ ;imeelz Axﬂﬂﬂ&ﬁﬁld/&‘iagent
dugtion in. the severit

aLign of a
that oy bk S e SRvd o e S daf et S o Shobles By
symptbfi)x(lﬁérl-of3~SIru£b(:3ﬁin’nerhbbdihmetnlﬂsifr thetetth “Hekdpyt eefgtdto d Bioldpecal
t ext of unct.i onal read%‘gr.o h rot ein refers to
‘heraPX ’F‘Eﬁ?}?’ iaBHer SP%%&]%‘H? pGtE Lé?"r%&? Gniiony 3Pt and/or
treatm Ao i diBorde&es sﬁ‘flptoﬂmlﬁ@eoﬁfc Iitla 5 PSUi il /@R bAGnidAE, a nonsense codon
corres ond| H%@p d-type protein. [00921 As used

S“ppr??é?ré}gﬁ tispd ¥ " non-wi | d- type protein" refers to a

[0089PT Al @iséd Rér¥in) ehePterma AhrdQere, « dp&-e&uﬁ{ge @ndi Ppleviedtion” in the
different. fromthe correspondi ng w |Id éﬁ pe protein. In

context of the sdmigisrgtipmeha sherapptomsubigat sefestocthe pervention of the onset,
develdilirr{écn@ 8curk e ! JﬁeMﬁm&@émﬁ Wb %s@@% {}Qﬁeﬁbﬁl tﬁEreof ina

he am no acid residue(s) 1n the non-
SUbJWF rsultingdrom dke pdrgindstration of pdkérapyn( s) encoded by a

[0090?'r RURGH Ferb ], e RLhOALQ4 Q%eaéxﬁ‘g’oz{rﬁertreg{m&qi’ BeSontdd€of the

admlmstratxon of a therapy to a subject refer to the eradication or amelioration of a disease

or a symptom associated with the disease. In certain embodiments, such terms refer to
minimizing the spread or worsening of the disease resulting from the administration of one

or more therapies to a subject with such a disease. In other embodiments, such terms refer



wi |l d-type protein differs fromthe correspondi ng
Wl d-type protein: (i) at an amno acid residue(s) in
WO b@7non3sv | d-type protein(s) that was insert eBCHUS1008008268
position encoded by a prenéture term nation codon;
and (ii) at an am no acid residue(s) in the
non-wi | d-type protein other than those encoded by a
premature term nati on codon. [0093] As used herein,
the term"wi ld-type" in the context of a protein
refers to a protein that is found in nature (often
(but not necessarily) it is the predom nant protein)
to a redG¢tidrsin Hesdv@riay @ll/asd@atibRbflatkeNe dref SHPIGA () a8 Ridled with
.¥9094] As used herein, the phase "functiona
the dijeasiit hr ough protein” refers to a functional protein

[0091P" AduREEh&Rin tHeSStth HARl-1drBRA iR RYI St F AFARSEBEreadthrough
codon in a RNA (e. transcri bed froma gene.

. - y ! rrR . »
proteip efgrsdp @cfrmqttonefmgﬂwmh Profein Bt isseomposad of thessame number of
ingl I L0 - ctional protein
e g% LB or g B Bt L onsence
[0092} o Asresedhhererhet teem S'oon-yati-fypepretein refecotopr poteig having an

. . tain e i men the . . .
anin G ERSETBL B, 55 4B BABSHNTSAL 5 R, g
embodiments, tiei bn-widdigrcprossn bhiy differsds@nnil agrespbadihy peld-type

T e R T T T
positiergsidinicodetby p podngdtire terrainktion todvial Infvdiier enibodirhyme, the non-

. rot ein. 0951 used hergein, .the term."cut aneous, .
wild-tGoCiyBidla aliesy Bopt T SArarROIRg W PRDRIR ) at in amino acid
residup@) i thelnehlwildlgRIietein(9)f thahwaeRiseREdAIThO posiB6 EScoded by a

nore particularly the ggl derm s, . conponents of the
prematiyre fermi pafiieGodpRY and{(dy) ghjan amingeacid Festdne( ap amgn-wild-type

protei® bRt Hanl tHedeUtidbde Sy 2bHIALANHARHAbN S4ddi UM Spi nosum
stratum germ nati vum (stratum basal e, basal cell

and
[0093] asused herein, dedem “wildhtypefl insthe contest eoff asprotidn refers to a protein
- t i i .
o 8 e YL O EHES, g BRI
esigmaUAs RIstagRraTelise@E 06268 26 [ 00961 As used
enel - 1 ' gas i-n tinal disordes” refers.to.
[0094E é‘? sug?%%ér}glgf ﬁ{ei?ehagtg A ?%cl)%{f zg'c%d?}hrg',lg g%tel{lr 5ecfrFrs t6'a funStional
protein pridudedigs 4 fesulvolitdadtipbagly oRa nesephagidon i hRINANe1dNRNA)
B T s R T A B —
protein!! wfird €5 a fiiretioasl, protedy pridedead Asuli Bl G@thrbiich of
4 acc?{l\g‘g:ﬁce vvltgtlrprfe ingiéur?ti%n js r?cl)t a ﬁ]g ° anons.ense
codondag A0SE 94 Qi S0t 08 COMPEIS B2 DISERSEdnHatigRnIn ggipin
embodigkents, thdifoeaimal RAdthrélidOp@edin isAiotnpbi8dlof the same amino acid
i nt erchanl%sesgglld,. [0098] As used herein, the phrases

sequencg;ag Az e fing stlduiypr ProtaAREAded bitie SenYyithauia nonsense
mutatigBN e StheABHbodihRPtd Bl ABEQGAAY tl‘ﬁ‘oﬁ%h ﬁro‘?&ﬁ %%? ¥énctional non-
.. mutation in a gene(s)" are used interchangeably to
Wlld't}.’RﬁlQrPt‘?i% a disease that results from directly or
[0095] NAlL LSS hotein?HARBRE “&?ranéﬂﬁ%?ﬁ%o?&(rs}eﬂa 8 a48UK8 of the sicin,
_‘where the nohsense nutation(s) prevents production of
particydanly figorders of the epidermis or dermis, more particularly the epidermis,

components of the skin. “Epidermis™ includes: the stratum corneum, stratum lucidum,
stratum granulosum, stratum spinosum and stratum germinativuam (stratum basale, basal
cell layer). In a specific embodiment, the disorder treated, prevented and/or managed in

accordance with the invention is not a cutaneous disorder.



type protein in an affected cell. D seases associ ated
Wi th a nonsense nutation enconpass diseases in which
w@2®rngl4es gene contai ns one, two, three or norBCT/US2007/008268

nonsense nutations as wel R6as di seases in which two,
three or nore (nultiple) genes contain one, two, three
or nore nonsense nutations. [0099] As used herein,
the term"functional™ in the context of a functiona
readt hrough protein refers to a protein that has
enough of the functions of the corresponding wld-type
protein to have a beneficial effect in a cell or

[0096] S WY @eH hehiis,thélfem pabirdinetind ddorférodereasto a disorder of the

i nsufficient amounts of the wild-ty Hroteln as. a
gastrointgstinal (6D tactalpelpfing themguth, Phasesrophegs, SIPPBRY apdy

duodexﬁlﬁ'iagengi;J Cirﬁél@ 1rﬁ€étﬂe Slﬁ‘ééét%ﬁfe@uﬁ@(é}lg ; c818AP) 1 A&PSHiNgemBBdiment,

ein. [00100] used herein, the term
the dlSUréhlaifﬁﬁ%Lﬁr‘P‘@@quyaﬂé‘&’éB%Pé ins apqosdance pdth the iavgniign is not a

gastrmlpt%&;@ar]ggis d&m phar maceutically acceptabl e non-toxic
acl ds or bases |nclud|ng |norgan|c aci ds and bases

[0097] arfss wiedéerainatbe tomaridissased snd Sdispederdagsrsedrinterghanagably-
[0098] a%set?s}e%qxe R HRE gh%g%én‘tc%@#é %gslbéxg e(arm{tltﬂg n‘&?g%gé' Hﬁilt%fon ina

the resen inv ut are
gene(s)mtch‘fdxmrd&adst@cmtadi wvifhraomorskose mutation &b e igang(s)”i ard hsad

s GRS TS ABEAD RO D L LI, 7000
mutatn@ﬂhﬁhwgm@)mhere elohdrsensedinatakian(s) pmvnm;s production of a wild-

v St LS G B bR L oo

discase’@h WHich & gifihglepgenle REAGETY dhetob, Ih@8 B End2€ noRseREE Mutdtibns as
aceti c, I ni thranl lic, @n)zenesul fonic, hr
well a%?%?%:m\a (6P eI TECTe {THHRIS) EER EPRISH s - three or

more nbR%eHsE mfth¥BHsi ¢, furoic, galacturonic, gluconic,
gl ucuronic, glutamc ycolic, hydrobrom c,

[0099] hys wesdl herels, the derph| fémpfeona At the copigKEeica fiipgfippal readthrough
protemrﬁﬂgg Q rotglﬁttﬁﬁriﬁ? ehbH &F thg‘ﬁ?dc@long‘ b fleCorte8iBiding wild-type

ant Ot aceti c, p oric, propitonic,
protelrsi’al hagg lai hcpeﬁcxelanffe@t irsyeell ar wbjmy whieh {loas nos praduee er produces

e e R ST

mutatiog) idghe nn¢1aktact@@quatdedcigc,gepyh¢rmbdmm the pptieisphorii c,
[001003 ﬁéﬁ 1 Icf:heggi:;]i? g'neg?ﬁrtnga%es qu ‘R{ﬁ’%ﬁ? %%tab%xgarﬂglr’] exO{o salts

6H e
preparéﬂéﬁxbhﬁplﬁrﬁabémca@ hmepwtmmd)reeomé acid$ bsbaseemmhldmg( imorganic
tica

t Ph
acids s BresAnd SFBTIC 2E0S Livk biem, BE SHlF R et o aejablp base
additidnake 1dr the cuﬁxpduxlmabﬁuhe padientinlestitoroinbiide) ne ard8étdihited to,

fhe ter ) erivative.of a co
metallie s Biae Kt B3RPt by Hnghes G PGSR Elingufium and
zinc orbrghfigdisaRd mafe Rdid Iyeine, N'N"-&ib%ﬁ@yl@lh leRedibitine, tcﬁloroprocame

provi de an_ active conpound, part arI y.a conpound
chohn@:r@eﬁlm@ﬁwwe thyleagdipgung, fm re?g(i‘l-m&l}yasi@waw awépmcame
Suuabréq{od tomé &% mclﬂerw akd NOirAfel AR 1RRRAiE 88d 8fgaflic acids such

ound he invention that includé bioh droly abl e
as acetma ihigs alstbmllas bengeppsuifonic; bepraic.gemphersulfonic, citric,

etheneQLIPONET B2 Blifiars oo, olinRaie! yaahiie ARLREAR! Sttamic,
glycolic, hydrobromic, hydrochloric, isethionic, lactic, maleic, malic, mandelic,
methanesulfonic, mucic, nitric, pamoic, pantothenic, phenylacetic, phosphoric, propionic,

salicylic, stearic, succinic, sulfanilic, sulfuric, tartaric acid, and p-toluenesulfonic acid.



bi ohydr ol yzabl e carbonat es, bi ohydrol yzabl e ureides,
and bi ohydrol yzabl e phosphate anal ogues. Preferably,
w@e@dnuyss of conpounds with carboxyl functi onaPCTUS20F008268
are the Ilower alkyl esterg7of the carboxylic acid.
The carboxyl ate esters are conveniently forned by
esterifying any of the carboxylic acid noieties
present on the nolecule. Prodrugs can typically be
prepared using well-known net hods, such as those
descri bed by Burger's Medicinal Chem stry and Drug
Di scovery 6th ed. (Donald J. Abraham ed., 2001, WI ey)
; .
e o U by B GHAS ph py BHE BB
methapesulfoai anidei Fxamplesof sposifistshls thiusdndlndg brdredhlotileand
A% " Bi LA L R lyzaple, . e
mesy €., ST REAPIE 37 s AEWRR lnonl WU, LEPTS Repygton’s
Pharnuwewiiend iSeienceil Styet. oMelaBlislishing, daston BA (I9pd).0l yzabl e

" n m.de. .est er car hamat. e v
100108 ARREY BerefP AR BBV Ghniiablseced BRI Vg roggmepns o
derivagipeflpﬁ a !cdrdlpbahd dhicit o h%'dlr))lﬁyzd,(méidiﬁe,t c:jri dghﬁhfiﬂf eatt lftnklei bielogical
.bi ol ogical activ of .the c oun ut can conpfer
conditigg (FPHED or AP RS A BEG SO PPORR- FPERUHIXA pempound of
the inwentibna Exdpipidsant plodraps ichwle, Batdr® Aot Dhited & IdeAlatives and
atlorF]; or Zzllsgiqloglpa!t%g,lqactlye but is L
metabgfifes &f 2 &gmAR U0t 66 thegnvLion teAt BFLads biphagrlyasble moieties such as
biohy@relRabRAmidsa M IBEr6llz4b© Bateh Obiv B LS a8 le&asbaniiitdIde,
bioh cg_gLy age not limted to, |lower alkyl 'esters,
lohydolyz '&ccfrwteés?'@hx@m&zme uRides i bichveyelyeblephosphate
analogdR§. PRIFEiaBE), g%(ﬁ'ﬁés offetAPIuREs Rith dabiixyd E?lci’iéﬂ&ll %‘?ﬁl)lﬁs are the

am des incl'ude, but are not limted to, |ower alk
lower glqylesferspfihe prybaxylis acidy Thescarbpxdsipasters ansicdavgniently formed

by e LKA RO RS BLATRh B e, Proces cn
typically e tpaepared usingevellstrdopmamethods, saclvas ttosé dekscribed by Burger’s

. L.ani I noacids rQ [ kyl.am nes .
e CORRIAATLD 51 PILDODS o LIV LA D500 it
and Devigm esd Ap@Yiekyt df\Fré38:ge (. Bordghatd 082 6885, Ifarlve0d Azhdemic

Publisﬁéc' #?1% herein and unl ess otherw se indicated, the
& tically pure" or "stereonerically pure" neans

[00102.]Jc Psersed ﬁélﬁﬁi Wleﬂfotﬁerﬁ@%ﬂﬁ?ﬁﬂdtﬁhﬂh& ua@ﬁsanﬁb}@lgralyﬁmg

., Qf ,the . other stergqgj.s rs of that conpound. For

amﬂeexé’.\%vé{mlazg‘fls e¥Shrer #l&gﬁyfyaabls C%%w%?gwgwfiw@mh@

carborfie,” 8biob§aictyzabld wrefde, "SWastyardiy2duly pﬁ&s?ﬁa&f’ 38 an amide, ester,
opposi te enantjoner of the conpound. ] .

cafbafggtsx%h@ﬁ%aawewr@om gerpestiNaingiiagemepaungd that either: 1)

does noBTHt& e With HRDiolopRal ABitH ol Yhd & (andlqﬁﬁl €hn confer upon that

di ast ereoners of the conpound. A typical
compaying adyaptageqiis| pfoparties ingbias suthdascintpkd, duratignediaetion, lpaanset of
tion26OMis B> {20t ' io|¥gi i
T R A DR
compoimgdy dxagies of hivhydrelyeanp estens, inclide,doup pef rert dimhiged to, lower alkyl

s RRSE OB AR DS STl L BBl g8 Bt
biohydrhlyzableamidésinehids gt rase ndt lichice oy overdlkyhaeides) beamino acid
amides, alkoxyacyl amides, and alkylaminoalkylcarbonyl amides. Examples of
biohydrolyzable carbamates include, but are not limited to, lower alkylamines, substituted
ethylenediamines, aminoacids, hydroxyalkylamines, heterocycle and heteroaromatic

amines, and polyether amines.



preferably greater than about 95% by wei ght of one
stereoi soner of the conpound and |ess than about 5%
whyoonaiyst of the other stereoi soners of the cPOPUSINA7/008268

and nost preferably greates8 than about 97% by wei ght
of one stereoi soner of the conpound and |ess than

about 3% by wei ght of the other stereoi soners of the
compound. [001041 As used herein and unl ess otherw se
indicated, the term"enantionerically pure” neans a
stereonerically pure conposition of a conmpound havi ng
one chiral center. 100105] As used herein, the term

[00103] WRidsed BERUCaADHTESS) othd:rﬁﬁédid&ﬁ:ateﬂbﬁtett&:m Chmmlibfepure” or
tablets capl ets; capsul es, ch as soft e

“stereomgReA PR SIRAES & ISR RESOTES R PP LT SUbARAlly e, of the

other st@e%&%hfér@@ﬁﬂxa@r%iﬂﬁ&ﬁmd %'r ukarapré, a SRksmdrically @uf@ﬁﬁ@;ﬁ)und
forns suitable for oral nmucosal admnistratio

having gne ghird pentex m}l@g,shbstgrgsaﬁg dtsenidbe @p@osue gaalgguger the
comporﬂ‘fqn &gfé?%eleéa‘%”ﬁre SHRPRRRI RRRg tvRIRHisdl QQ&C\(SG\NEI be

n-wat er emil S| ons, oOr avvater-ln oi | |q
substangially giree 0f othes giastareamers ghtheeqomaauad. #ntypigad ﬁier@r%e@rcpax pure

compo fy A, Ty S AP RROHS AN et e,
compotual argt lebs than phomm% by veedighit 0if gtheatstemmsctmera opthe @mpound
mor 0568 LIRS R EFEIELIHENR 0 Bpound
and lesh éifagiabout TEYotbeyrweighi difthe yther stetdmesomrs eﬁtheoibnwmme more

petra Gt e B by S S R ok 98 fo e
less tha@aiHpatiSEsbys weighesf ﬂﬁd)thtﬁ isteeci surhés aff et aimpxhem sid Iylost
echni a |l ect.ion of ni que cal s
preferab GEmait BN A0OHEY BACY (1B ot 12t S0 GTaFE o by CpRRpUnd and
less th&%@upmw“@lghu afﬂré%tmrs&eedisdma@ ioPtied cappamd. [ 00107]
used herein, orter refers to aF%?ne % "
IOOIO%M%we#Mmla@pé logs o F@ﬁﬁ? inlieagsdh g e ienend “ﬁ&?ﬁ pure
an lha?v &% &lﬁrzﬂ @éhte\O
means B3 A ke RS e G B e opeci fi °
[00105¢ boddedehereing the t@j@‘p‘r‘tgggdqgngq;for@@)’e Wlp@@s teblﬁ{§ pgewable tablets;
e LE | Edbhlefs; (H8Lhes; 1 ;
coptst ALK SSRRS U2 AR L D Bt oo
dlspersucrrasn pbatiemnsoletiensagels; lquid dasage dormms stutablactyr OEEG @1 gBicosal
sed [
R e L
suSpensmnr;)aemrutsgorm (ereet-in-water emslsidrisoor a watarAntoildigquid domlsion),
sotoich SRS SEPAR RSB B BT solcy o an s
reconsfifufgetof povide elque:adi@age fifrma spaable dorl @ml aspsayntetah administration
specific e nt,.the erm ef erence
t0 2 Pl heg FERER B LS AR b PG s IR F frgsinele
dose. activity of a reporter gene product by a partrcular
cell or. in rtrcy ar cell-fre act sqQne
100106] s mresidirein. Dcrrmy SGaT Op e STy s PRt to a
pluralifyedfedoRi}Sctindan thlfrﬁfy &ﬁ% aﬂﬁiﬁﬁlﬁé’tbﬁﬁl library, e.g., a collection of
compounds synthesized using combinatorial chemistry techniques, or a collection of
unique chemicals of low molecular weight (less than 1000 daltons) that each occupy a
unique three-dimensional space.
[00107] As used herein, a “reporter gene” refers to a gene by which modulation of

premature translation termination and/or nonsense-mediated mRINA decay is ascertained.



assay, each cell type and each cell-free extract. In a

preferred enbodi nent, at |east one positive contro
w@ap@7at74Beast one negative control are incl udeBCT/nS®BaTNS268

bat ch of conpounds analyze#l. [00110] It should be

noted that if there is a discrepancy between a

depi cted structure and a nane given that structure,

the depicted structure is to be accorded nore wei ght.

In addition, if the stereochem stry of a structure or

a portion of a structure is not indicated wth, for

exanpl e, bold or dashed lines, the structure or

In a spRe¥icl PRbodi mbMetheld x??ésgfoﬁ of rE;SbrEb‘f' gehé‘ Iseé'aﬁflf hed @@and has an

enconpassi ng aII er eoi soners of it Tl VE
activitperhich st perrpelivdsEdSEtholorgamian ofswmsaeus;onmmwon
t {Q%i!a]al d & PR gnbodi nent, the nonsense codon
eRae) presesor (%glg conpound of formula I: RN Z R2 X

[001 0313AS Rset hergl®, ﬁmnsbnﬂ[midlaﬂedonRHApmn’éc@btsno athnechamsm that
med1a%r§ ‘1?!%:(? X ggf ﬁfﬁNAs Qﬁlq{af%t g a érﬁ/a%r% 'tr %& fg] e?ilpét?gnec oR.

Ol soner thereo er el n.
[00109juAs m'sd:djlnarelmotheumm tiptewtmn’smﬂeaérkyhcd sfirsihdd rahgel’ fers to a

referei{ ey I enftior arRt oo B B paPigh the term
refers Mﬁ&rﬁﬂé@ﬂng@ forhe prx’ésdi(bﬁ 6fh hpbaeogatrl md/shs hédwityasta

unsubstitut ed aryl al ,. subst i WO
fep°f‘%fcﬁ?ﬁ fi@ﬁﬁ@é B¢ 288 Pa%c‘ﬁ sﬁfgsﬁg?et erfteagt. Insome
embodiﬁ?kﬁtrsO@dcwlﬁddﬁﬂory 8488 shbg e SwA refaRsiidB $dr deUbPBlach particular
cl og] kyl al kyl, substituted or unsubstituted

assay, %?%W&F aad quh cellgfies pittack dlng PishaTRskambedimgnt, at least one
positiv’f donfrel ARt Icast BRd Addatie SofdeBl ard incRud¥d 1h"é|acl£ QQ(J.:I]: oF c&pounds

I s hydrogen, substituted or unsubstituted alkyl,
analyzgdihstit uted or unsubstituted aryl, substituted or

[0011H"R léﬁéﬁlhtb‘étxﬁ%chg&ﬁrf %r¥ a élgaééér&cgb%%gén & pt%h's&ﬂ%tﬁ{je and a

cycloal kyl, stltute |tuted eroc C
name giyps that strecturss therdephoted stotcadre as ol tad aqcbrdedubmteu Weuglm‘i In

addmoq{ Stutgé F@? l?tcléx%&\gs%b e{(r%l%ﬁ%%( %+ lé%grtb t I ! Uttur I;s Phot indicated

with, fcm exdisple} hutlé dr Hathed dmgltbahtkqdmre[dﬁ@bﬂtﬁjn &Ethe Structure is to be

. substituted or bstituted kyI car boxy, am do,
mterprg{é |35 CRf P%Sﬁﬂgoaﬁ%t{ereoﬁgfng ‘ﬁa ‘a’ bi ohydr ol yzabl e

group, OP(0)32 O P(0)3]23 O P(0) 3]34 N3, CH2- NR6R7 or
C5i2- OHGLUSTRATIVE COMPOUNDS WITH NONSENSE MUTATION
SUPPRESSING ACTIVITY

[00111] In one embodiment, the nonsense codon suppressor is a compound of formula I:

[00112] or a pharmaceutically acceptable salt, hydrate, solvate, clathrate, racemate or
stereoisomer thereof, wherein:

[00113] Z is substituted or unsubstituted alkyl, substituted or unsubstituted aryl,
substituted or unsubstituted heteroaryl, substituted or unsubstituted cycloalkyl, substituted
or unsubstituted heterocyclo, substituted or unsubstituted arylalkyl, substituted or



[00117] R3, R3', R4 and R4' are at each occurrence
i ndependently OR7, OR8, hydrogen, hal ogen,

wamstii4eg ed or unsubstituted al kyl, substitutedr/vg2007/008268
unsubstituted aryl, substi®Boted or unsubstituted
heteroaryl, substituted or unsubstituted cycl oal kyl,
substituted or wunsubstituted heterocyclo, substituted
or unsubstituted arylal kyl, substituted or
unsubstituted heteroarylal kyl, substituted or
unsubstituted cycl oal kyl al kyl, substituted or
unsubstituted heterocycl oal kyl, substituted or

unsubsHASSPRLHERA KA ¥hissahRen B uns%%bﬁthkéd g@ﬂ)aﬂfy]alky] substituted or
unsubsti tut'ed fkylcarbonyl a bi ohydrol yzabl e group,

unsubsatutmh%tﬁr@cmoqllsk'e Rubssigjeied eF upgbstimtedpisarbonyRs and R4
[00114L§F§?Hoq?t§1g{Nch the atoms to which they are

orma “substituted or unsubstituted )
[00115h 6k '6is bygroigen, substivgtedrnat uRSubstitiedalkRY substitigd or akeypstituted

T

substitwed vr nasubstifuteddpterdeyrld ysubytitutegiaor, unsulissituted) taadlalktyl substituted

or unsxﬁapéﬁ;?ec@%%gr%)g%ﬁe}kgly5\}b5§ﬁ§e<%g{- }lill{)s&x?)ét fs nsupoggl?yt]#“(%d substituted

orunmﬂﬂﬁﬁﬁ@imaadcﬁﬂoﬁnﬁwbstItuted cycl oal kyl substltuted
Litut t. | o, bsti t.yt ed

o1} RAESEPEwed o ryriRuGH S URuE b PR E oo Ry Dietessbony

halogeh&d &bﬁ?dﬁélﬁakw grows) R (0)sPt, €O POO): TS OIR( O W 3, CH,-NRgR; or

%cl oal kyl al kyl, substituted or unsubstituted
CHz-ORet er ocycl oal kyI substituted or unsubstituted

[oonﬁfrxﬁ‘ AT RORKA RESADSE Eddht REuREndHIREESIEMLEOR, OR?, hydrogen
I k Icarbonyl a bi ohydrol yzabl e group,. or R3 and

halogefl ﬁtl%rh@ﬁuwmeﬂ p,lé(ybtsghgntp@d Wé\pbsflﬁg?d axfyé, substltuted or
unsubs@&&t@& Redrdafift ”%lﬁasﬁﬁ'}?eﬁ ot l!tﬂsﬁgst%tegr@ gi L&h@Qltuted or

het er ocycl G. 0119] Preferred mpoun formula |
unsubsgituted betefagyelo, $ubsm¢cb011unst§b$tﬁmdmlzw/smhstxm@d or

umsubefithe BERRAVIIS ot dg S on oSl it Aalill ol o

unsubsgitisiitbd heterod@elofilkyl, substituted or unsubstituted arylcarbonyl, substituted or -
unsubstituted alkylcarbonyl, a biohydrolyzable group, or R? and R* taken together form a
bond, or R? and R* taken together with the atoms to which they are attached form a
substituted or unsubstituted heterocyclo, or R® and R* and/or R* and R*' taken together
with the carbon to which they are attached form C(=0); and

[00118]} R%, R’ and R® are at each occurrence independently hydrogen, substituted or
unsubstituted alkyl, substituted or unsubstituted aryl, substituted or unsubstituted
heteroaryl, substituted or unsubstituted cycloalkyl, substituted or unsubstituted
heterocyclo, substituted or unsubstituted arylalkyl, substituted or unsubstituted
heteroarylalkyl, substituted or unsubstituted cycloalkylalkyl, substituted or unsubstituted
heterocycloalkyl, substituted or unsubstituted arylcarbonyl, substituted or unsubstituted
alkylcarbonyl, a biohydrolyzable group, or R? and R* taken together with the atoms to
which they are attached form a substituted or unsubstituted heterocyclo.

[00119] Preferred compounds of formula I are set forth in Table 1, below.
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[ 00120] Conpounds of formula | can be obtained via
wat@ndanas wel | - known synthetic nethodol ogy, BEBUS2097/008268

March, J. Advanced O gani c3them stry; Reactions

Mechani sms, and Structure, 4th ed., 1992. Starting

materials useful for preparing conpounds of fornula l

and internmedi ates therefore, are comercially

avai l abl e or can be prepared from comercially

avai l abl e materials using known synthetic methods and

reagents. [00121] Particul ar nmethods for preparing
00126J00BRIpAL I r -
ey o L2ah &Q'S’m"""“p?ﬁ%%"?‘@ rebknov sypetic
methodlpgy e¢e ¢ &eVarah, J-rAdyanced Organig Chewqueawmr&dﬂpﬂ@msms,

i SIS, By, 1007, SRORERESRISTRIE P o o

formulgdemd|iptennediates thesefoze, ph@cmm@albah\}'qﬂahba&maa ﬂnleeprepared from

ol
comm iy UIAEE Sy 1 6 P B B B
[00121}( B&SYicular nSthods for prép@iizs cqrﬁﬁdﬂﬂ]s of forsmdal batd dxsktlesieddh US

2004-§17905! ity Bptilis. 700 Bisbircraie B roiBteRE b it entirety.
[00122jubsdridthirethtodimasthstrichsdrd codel appkessor BuRDnpddin@&f formula

- Or unsubstituted heterocyclo; [00126] R is hydrogen,
" substituted or unsubstituted al kyl, substituted or

unsubstituted cycl oalXkyl R, stituted or

unsubsti tuted het %r ocycl oy s%t I tutyed or
unsubstituted ary stk weHgy, unsubstit ut ed
heteroaryl, substit Qr unsubstituted aryl al kyl,
substituted or uf§ubstitBsed het er oaryl al kyl ,
substituted or unsubstG@@Red cycl oal kyl al kyl,
substituted or unsubstitutead heterocycloalkyl;

[00127] n is an integer ranging fromO-4; [00128] R
[00123inelr Rﬁharremaanﬂally adepeistde pdll, hyliat, eifthrates b@tnhctrph ?o@fug or

¢ unsubst i t aI kyl, substituted or unsu st itute
SICreo1SpREh ere ?‘Put ed or unsubstituted al kynyl,
[00124}(%13&@? Cﬁe-sl) k@)g(atijbk S(@,ky! car bonyl ,

al kyl ox

100128 e e s
substitiRoranBuBktiacd Btef AN SibsARltePHAANbstituted cycloalkyl, substituted
or unsubstituted heterocyclo;

[00126] R is hydrogen, substituted or unsubstituted alkyl, substituted or unsubstituted
cycloalkyl, substituted or unsubstituted heterocyclo, substituted or unsubstituted aryl,
substituted or unsubstituted heteroaryl, substituted or unsubstituted arylalkyl, substituted
or unsubstituted heteroarylalkyl, substituted or unsubstituted cycloalkylalkyl, substituted
or unsubstituted heterocycloalkyl;

[00127] n is an integer ranging from 0-4;

[00128] R; and R; are each independently hydrogen, substituted or unsubstituted alkyl,
substituted or unsubstituted alkenyl, substituted or unsubstituted alkynyl, -(CHz)m-W,
carboxyalkyl, alkylcarbonyl, alkyloxyalkyl, alkyloxycarbonyl, arylalkyl, sulfonyl, amide
or R, and R; together with the atoms to which they are attached form an optionally
substituted 5-7 membered heterocyclic, an optionally substituted 5-7 membered heteroaryl

ring or R and R; together form:



substituted 5-7 nmenbered heterocyclic, an optionally
substituted 5-7 nenbered heteroary] ring or R and R2

wo ogetiiass f orm WO 2007/ 117438 PCT/ US2007/ 0082B@T/US2007/08268
0O0O0It - 11 -OCH2- , -CB2-C C CH2CH2- - CH2-CH2-C
00011 -GCH2CG , -CH2-C-CH2- |, --CH2-CH2- - -(CH2)3
--CHCH - [001291 Wis at each occurrence
i ndependent |y hydrogen, hal ogen, hydroxy, al koxy,
car boxy, al dehyde, NH2, NR14R14', nitro, cycloal kyl,
heteroaryl, heteroarylal kyl; [00130] where (i) each
occurrence of Rl4 and Rl4' is independently s Iected

frgm hydrogen, Qubstitied or unsubst t ut IkyI
@SCHbuted”§H2uﬁsubst“TQWQH&%NkenyI 6%@ gﬁted or

unsubstituted al kynyl, substituted or unsubstltuted
cycl oal kyl , substltuted or unsubstituted

ter cl oal kylQ substituted t ut 1, .
it ea b Gt tﬁvésﬂﬁét brokF e or -CRECHr
R 14 and R14' t

ontz91 b ety e SIS i MR R P00

carboxy éaaéw&eumg mé'ﬁt‘écmd ayabmyr; QBiefodiyl) hetcfoanyialiyl;o 8
ti whi ¢ p tQ 3.are heter oa&ﬁ?%ﬁﬁ?

[00130][@@@311) rh Qccawreinﬁ@ e@ i n§ IRYeRERIe’Y S ’3 -

hydmgenu%ubt%{lﬁugégﬁﬂsﬂga Q%néylysulw@tru@am urRabaperd alkenyl

unsu stl tuted alk subst
substitutedsarhssubstitwed alkiyayly substitised pr i s%@t%&k@w&@amed or
unsubst%tgé t}%éte’rct)cggpoaﬁlhll W itufa A ﬁ%ﬂtﬁﬂéa &Fl1 Caifbs@ikeeldr,

nsu stltuted erocyclo substi tut ed
unsubstitiited thesaybarlyl 6njt‘,Exj oafij) R “sob Rl 1 tgethepwithibe pitacen ek to

which t@&g@%{)&%ﬁgb j ﬁl L u:Su? QP’&%nag@lS&MB&ﬁth{eﬁtlﬁgerﬂ@fc‘ﬁh "i‘in@@ontammg

het er oar
from 5 ®@UEhE htﬂn@éioiowhluhfmhsﬂ itd Btaecihetesoatarad; kyI al kyI

substituted or 3.u l{ ut ed het erocycl oal kyl ,
WOl?’”aFk‘?l%‘rWW&“’é‘ﬁ%’l’?g > al koxy, aryi oxy,

(00132 RE € RQaHry Emndgpeah&amwogéaeharocgexy,csubaﬁm;ddmryapsubsumted

alkyl, shstioges oy ungistioked . Sbripisd csapmiites afkpyibbinted

or unsug Rit cﬁﬁﬁty@s@bétﬁuﬁ:ﬁ'o@@th@uﬂasﬁhﬁéd hateroegelo, substituted or

tltuted or unsubstituted al k ubsti.t ut ed ,or.
unsubstimeby ], sabwitad REHY§ub S%Wb‘sdthqt%rp}éaﬂ»o%‘%mms‘l’ upSyREtuted

arylalk@lu éﬁ{%ltutfé gpﬁﬁéubkﬁt@@dq{eter%}%}k@l‘é}l' tuvsBehted/ 61 @aubstituted

unsubstit ut het er ocycl oal kyl
cycloalRyllatityil smbstitutad ormmsubséityted, h@srogmoal%@élmlm@d agyinoalkyl,

alkoxy, A 3103y oSt ttg}of%g'fl&g %p&%ﬁkb gfhe?ecréc 081334y Parﬁlfd@ IKR6hlkyl (e.g.,

e ot Yorth in "I;g
CFs), thiaﬁny\@gzmFﬂdrMGHFBCQPDSQNOQQQE’Z@@ORB SO:K™S, NO,, NH,,

or NR¥R' and RY is selected from hydrogen, substituted or unsubstituted alkyl,
substituted or unsubstituted alkenyl, substituted or unsubstituted alkynyl, substituted or
unsubstituted cycloalkyl, substituted or unsubstituted heterocycloalkyl, substituted or
unsubstituted aryl, substituted or unsubstituted heteroaryl or CF3.

[00133] Preferred compounds of formula II are set forth in Table 2, below.
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[00134] Compounds of formula II can be obtained via standard, well-known synthetic
methodology, see e.g., March, J. Advanced Organic Chemistry; Reactions Mechanisms,
and Structure, 4th ed., 1992. Starting materials useful for preparing compounds of
formula I and intermediates therefore, are commercially available or can be prepared from
commercially available materials using known synthetic methods and reagents.

[00135] Particular methods for preparing compounds of formula II are disclosed in WO
2004/009558 A2, published January 29, 2004, incorporated by reference herein in its

entirety.
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[00136] In another embodiment, the nonsense codon suppressor is a compound of formula
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[00137] or pharmaceutically acceptable salts, hydrates, clathrates, prodrugs, polymorphs,
stereoisomers, including enantiomers, diastereomers, racemates or mixtures of
stereoisomers, thereof wherein:
[00138] X is oxygen, sulfur, CO, SO or S(O),;
[00139] Y is oxygen or sulfur;
[00140] Z is substituted or unsubstituted aryl, substituted or unsubstituted heteroaryl,
substituted or unsubstituted cycloalkyl;
[00141] n is an integer from 0 to 4;
[00142] R'is hydrogen, substituted or unsubstituted alkyl, substituted or unsubstituted
alkenyl, substituted or unsubstituted alkynyl; substituted or unsubstituted cycloalkyl,
substituted or unsubstituted heterocycloalkyl, substituted or unsubstituted aryl, substituted
or unsubstituted heteroaryl, SO;R’, CF3, CN, COOH, COR’, or COOR’,
[00143] Ris hydrogen, or taken together with R' and the atoms to which they are
attached form an optionally substituted 5-7 membered heterocyclic, or heteroaryl ring;
[00144] R% R3 R*and R’ are independently hydrogen, substituted or unsubstituted alkyl,
substituted or unsubstituted alkenyl, substituted or unsubstituted alkynyl; substituted or
unsubstituted cycloalkyl, substituted or unsubstituted heterocycloalkyl, substituted or
unsubstituted aryl, substituted or unsubstituted heteroaryl, alkoxy, aryloxy, heteroaryloxy,
halogen, CF3, OCF;, OCHF;, CN, COOH, COOR’, SO,R7, NO,, NH;, or N(R)y;
[00145] R®is hydrogen, substituted or unsubstituted alkyl, substituted or unsubstituted
cycloalkyl, substituted or unsubstituted heter;)cycloalkyl, substituted or unsubstituted aryl,
substituted or unsubstituted heteroaryl, or any biohydrolyzable group; and
[00146] each occurrence of R is independently hydrogen, substituted or unsubsituted
alkyl, substituted or unsubstituted alkenyl, substituted or unsubstituted alkynyl; substituted
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or unsubstituted cycloalkyl, substituted or unsubstituted heterocycloalkyl, substituted or
unsubstituted aryl, substituted or unsubstituted heteroaryl, alkoxy, aryloxy, heteroaryloxy,
halogen or CF3;

[00147] with the proviso that when X is O, Y is O, nis 0 and R!is hydrogen, then Z is not
4-chlorophenyl, 4-methylphenyl, 3-chlorophenyl, or 2,4-dichlorophenyl; and with the
proviso that when Xis O, Yis O, nis 0, R'is hydrogen, and Z is unsubstituted phenyl at
least one of R2-R? is not hydrogen; and with the proviso that when R? is COOH, R?, RY,
and R’ are not all halogen.

[00148] Preferred compounds of formula III are set forth in Table 3, below.
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[00149] Compounds of formula III can be obtained via standard, well-known synthetic
methodology, see e.g., March, J. Advanced Organic Chemistry; Reactions Mechanisms,
and Structure, 4th ed., 1992. Starting materials useful for preparing compounds of
formula I and intermediates therefore, are commercially available or can be prepared from
commercially available materials using known synthetic methods and reagents.

[00150] Particular methods for preparing compounds of formula T are disclosed in WO
2004/009533 A1, published January 29, 2004, incorporated by reference herein in its
entirety.

[00151] In another embodiment, the nonsense codon suppressor is a compound of formula
IV:

R* RS

o OR’

v

[00152] or pharmaceutically acceptable salts, hydrates, clathrates, prodrugs, polymorphs,
stereoisomers, including enantiomers, diastereomers, racemates or mixtures of
stereoisomers, thereof wherein:

[00153] Z is substituted or unsubstituted aryl, substituted or unsubstituted heteroaryl,
substituted or unsubstituted cycloalkyl, substituted or unsubstituted alkyl, substituted or
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unsubstitued alkenyl, substituted or unsubstituted heterocycle, substituted or unsubstituted
arylalkyl;

[00154] R'is hydrogen, substituted or unsubstituted alkyl, substituted or unsubstituted
cycloalkyl, substituted or unsubstituted heterocycloalkyl, substituted or unsubstituted aryl,
substituted or unsubstituted heteroaryl, -(CH,CH,0),R® or any biohydrolyzable group;
[00155] R%, R3, R* R’ and RS are independently hydrogen, substituted or unsubstituted
alkyl, substituted or unsubstituted alkenyl, substituted or unsubstituted alkynyl; substituted
or unsubstituted cycloalkyl, substituted or unsubstituted heterocycloalkyl, substituted or
unsubstituted aryl, substituted or unsubstituted heteroaryl, alkoxy, aryloxy, heteroaryloxy,
halogen, CF3, OCF3, OCHF, CN, COOH, COOR’, SO;R”, NO,, NH,, or N(R7),;

[00156] each occurrence of R’ is independently hydrogen, substituted or unsubstituted
alkyl, substituted or unsubstituted alkenyl, substituted or unsubstituted alkynyl; substituted
or unsubstituted cycloalkyl, substituted or unsubstituted heterocycloalkyl, substituted or
unsubstituted aryl, substituted or unsubstituted heteroaryl, alkoxy, aryloxy, heteroaryloxy;
halogen or CF3; and

[00157] n is an integer from 1 to 7.

[60158] Preferred compounds of formula IV are set forth in Table 4, below.
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aryl groups which are optionally WO 2007/117438
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Cl-C4 al koxy groups; [00177] (i) a heterocycle group
having two to three ring structures that is optionally
substituted with one or nore independently sel ected
hal ogens, oxo groups, Cl-C4 al kyl groups, C-C4
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set forth in Table 5, below. Table 5
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[00159] Compounds of formula IV can be obtained via standard, well-known synthetic

methodology, see e.g., March, J. Advanced Organic Chemistry; Reactions Mechanisms,
and Structure, 4th ed., 1992. Starting materials useful for preparing compounds of
formula I and intermediates therefore, are commercially available or can be prepared from
commercially available materials using known synthetic methods and reagents.

[00160] Particular methods for preparing compounds of formula IV are disclosed in US
2004-0204461 Al, published October 14, 2004, incorporated by reference herein in its
entirety.

[00161] In another embodiment, the nonsense codon suppressor is a compound of formula
V.
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[00162] or pharmaceutically acceptable salts, hydrates, clathrates, prodrugs, polymorphs,
stereoisomers, including enantiomers, diastereomers, racemates or mixtures of
stereoisomers, thereof wherein: ‘

[00163] X, Y, and Z are independently selected from N, S, O, and C wherein at least one
of X, Y or Z is a heteroatom,;

[00164] R, is hydrogen, a C;-Cs alkyl, or Na*, or Mg®";

[00165] R is independently absent; a hydrogen; a —-CH=N-OH group; a cyano group; a
C;-Cs alkyl which is optionally substituted with a hydroxy group; or a carbonyl group
which is optionally substituted with a hydrogen, a hydroxyl, or a C{-C4 alkoxy group;
[00166] R is independently absent, a halogen, a hydroxy, a C;-Cs alkyl, C{-C4 alkoxy, or
a nitro group;

[00167]) R, is independently absent, a hydrogen, a C;-Cs alkyl, or when taken together
with W, R4 may be a bond, and W and the heterocycle to which R4 and W are attached
form an eleven to thirteen membered hetero-tricycle ring structure;

[00168] W is selected from:

[00169] (a) a C;-C¢ alkynyl, optionally substituted with a phenyl;

[00170] (b) a C,-C;s straight chain or branched chain alkyl which is optionally substituted
with one or more of the following independently selected groups: a C;-Cg alkyl; a halogen;
a -C(=0)-NH-phenyl which phenyl is optionally substituted with one or more
independently selected halogens or C,-C4 alkyl groups; a five to six-membered
heterocycle; a C¢-Cg aryl which is optionally substituted with one or more groups
independently selected from a hydroxy, a halogen, a C)-C4 alkyl group, a C,-C4 haloalkyl
group, a C;-C4 alkoxy group or an amino group which is optionally substituted with one or
more C)-C4 alkyl groups; an aryloxy which is optionally substituted with one or more of

the following independently selected groups: a hydroxy, a halogen, a C,-C4 alkyl group, a
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Ci-C4 haloalkyl group, a C;-C4 alkoxy group or an amino group which is optionally
substituted with one or more C,-C, alkyl groups;

[00171] (c) C; to C; alkenyl;

[00172] (d) a C3-C; cycloalkyl optionally substituted with a C1-Cs alkyl;

[00173] (e) a C6~Cs aryl which is optionally substituted with one or more of the following
independently selected groups: a hydroxy; a halogen; a C;-Cy4 straight chain or branched
chain alkyl which is optionally substituted with one or more independently selected
halogen or hydroxy groups; a C;-Cy4 alkoxy which is optionally substituted with one or
more independently selected halogen or phenyl groups; a C3-Cg cycloalkyl which is
optionally substituted with one or more independently selected C,-C; alkyl groups; a C-
Cs aryl which is optionally substituted with one or more independently selected C,-C,
alkyl groups; an aryloxy which is optionally substituted with one or more of the following
independently selected groups: a hydroxy, a halogen, a C-Cs4 alkyl group, a C,-C4
haloalkyl group, a C,-C,4 alkoxy group, or an amino group which is optionally substituted
with one or more independently selected C;-C4 alkyl groups; a five to six-membered
heterocycle which is optionally substituted with one or more independently selected C;-Cy4
alkyl, oxo, or Cs-Cg aryl which is optionally substituted with one or more of the following
independently selected groups: a hydroxy, a halogen, a C;-Ca4 alkyl group, a C;-C,
haloalkyl group, a C;-C, alkoxy group, or an amino group which is optionally substituted
with one or more independently selected C;-Cy alkyl groups; a naphthyl group which is
optionally substituted with an amino or aminoalkyl or alkoxy group; a —C(O) -NRyR,
group; a —C(O) —R, group; a isoindole-1,3-dione group; a ﬁitro group; a cyano group; a —
SO3H group; alkylthio group; alkyl sulfonyl group; a —-NR,—C(O)-R; group; a ~NRxR,y
group; a -NRy—SO,-R; group; a -NRx—C(O)-NRxRy group; a -NR,~C(O)O-R, group;
[00174] (f) a C10-Ci4 aryl group optionally substituted with one or more independently
selected haloéens, amino groups or aminoalkyl groups, or alkoxy groups;

[00175] (g) a—C(O) -NR,R, group; _
[00176] (b) a five or six membered heterocycle which is optionally substituted with one or
more independently selected oxo groups; halogens; C;-Cy4 alkyl groups; C;-C4 alkoxy
groups; C;-C,4 haloalkyl groups; C;-C4 haloalkoxy groups; aryloxy groups; -NR.Ry
groups; alkylthio groups; ~C(O)~Ry groups; or Cg to Cg aryl groups which are optionally
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substituted with one or more independently selected halogens, C;-Cs4 alkyl groups, C;-Cs4
alkoxy groups;

[00177] (i) a heterocycle group having two to three ring structures that is optionally
substituted with one or more independently selected halogens, oxo groups, C-C,4 alkyl
groups, C,-C4 haloalkyl groups, or C;-C4 alkoxy groups;

[00178] (j) or W together with Ry, including where Ry is a bond, and the heterocycle to
which R4 and W are attached form an eleven to thirteen membered hetero-tricycle ring
structure;

[00179] wherein Ry is hydrogen, a C;-Cs alkyl group, or Rx and Ry together with the
atoms to which they are attached form a four to seven membered carbocycle or
heterocycle;

[00180] R, is hydrogen, a C;-Cs alkyl group; an aryl group optionally substituted with one
or more independently selected C,-C4 alkyl groups, or Ry and R, together with the atoms
to which they are attached form a four to seven membered carbocycle or heterocycle; and
[00181] R; is an C,-C¢ alkyl optionally substituted with an aryl or a halogen; or an aryl
optionally substituted with a halogen, a C;-Cg alkyl, or a C-Cg alkoxy.

[00182] Preferred compounds of formula V are set forth in Table 5, below.
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S NVYNNNN NH HOOHd O90H [001831 Compounds of

formula V can be obtained via standard, well-known
waeywhese et hodol ogy, see e.g., March, J. ApBDSEd7/008268

Organic Chem stry; Reacti oy Mechani snms, and

Structure, 4th ed., 1992. Starting materials useful

for preparing conmpounds of fornmula | and

i nternedi ates therefore, are conmercially avail able or

can be prepared from comercially available materials

usi ng known synthetic nethods and reagents. [001841

Particular nethods for prep;
V are di wsed,_| I nternational Appl

PCT/ US05/ i |l ed OCctoper 13, 2009
2ininits|lentire
anot t he nonsense d )
compolnd of formula WI: WQ 2007/ 117438
PCTES9p07/ 008268 113 W-x~|Y | \ d{'l (R)n Vi

suppressor is a

hydratesm—'lat prodr ugs, ponnorpNsO
st ergQi @l ng enanti omers

rag g of stereoiso

wh [00187] W X, Y ang Z are

sel egted fromN or CGR, where Ra isjhydgogen
C104 kayl group, wherein at | eastOone’ of W X Y, or

Zis N LgOl nips 0, 1, 2, or 3; [00189] Rl is a
cyano gﬂo%~' ~ : i i
subs ot-ed one or twof Cl- :
| group which is subsgtitute th a hydroxy, a
al kyl, or a C 1-C4 alkoxy grpup; [00190] Ris a
hydr dxy_igroup; a hal ogen; a}|Cl- C4 ghkylHwhich is '
optQondl |y substituted with one 8} Dre i ndependently

sel ect ed hal ogen or hydroxy|groups; a Cl- C4C§Ikoxy
O-N
\ l

o=(_ )
<

-N
O\N 07
O ! O = cl




which is optionally substituted wth one or nore

i ndependently sel ected hal ogen or phenyl groups; a
w@4e0z81ayg| oal kyl which is optionally substit uP€riUuston008268

one or nore independently 18el ected Cl1-C4 al kyl

groups; an -Rb group ; an -C-Rb group; a five to

si x-nmenbered heterocycle which is optionally

substituted with one or nore independently sel ected

Cl-c4 alkyl, oxo, or -Rb groups; a nine to ten

menber ed heterocycle having two ring structures; a

d with a nvdroxv4 a Cl-c4

al kyl , =en_a anfn al koxy grqup; a -yK)A||ch i's

optio g tuted wi thlone or t 4 F

gr oups, [ up; a cyano group; [ FORL 1 S
opt ed withla hydr# a Cl-C4 a ,

or - group anyl whijch is optcbnally F

substNfuted with a hydroxy, {a C1-C4 akkyl, or - Rb
. . bat] o

an1nodaﬂbonyl grotp Fs optijonal |y sypstituted with ?
Cl-CA4 alkyl, a Cl-C4 haloalllyl, a benzoxy, or an

am no group which is optiondlly substitute éiNMtlﬁ an
- Rb group; Ool  groups tjogether wth
[ i are attaghed formea

optiongl |y substituted with |WD 2007/ K
PCT/ @52087/ 008268 114 one dr nore of the follow ng: a
hydr oxy, Ha hal ogen, a Cl-C4 |al kyl group, a Cl-C4

hal oal Jos\ goQU a Cl-C4 aljkoxy grou r an\ﬁnlno
group{&ib' ptlonally sybsti t ut ed Qe or

gtoups. [0Q191] Pref

more G4 alky
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[00183] Compounds of formula V can be obtained via standard, well-known synthetic
methodology, see e.g., March, J. Advanced Organic Chemistry; Reactions Mechanisms,
and Structure, 4th ed., 1992. Starting materials useful for preparing compounds of
formula I and intermediates therefore, are commercially available or can be prepared from
- commercially available materials using known synthetic methods and reagents.

[00184] Particular methods for preparing compounds of formula V are disclosed in
International Application No. PCT/US05/036673, filed October 13, 2005, incorporated by
reference herein in its entirety.

[00185] In another embodiment, the nonsense codon suppressor is a compound of formula

VI
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[00186] or pharmaceutically acceptable salts, hydrates, clathrates, prodrugs, polymorphs,
stereoisomers, including enantiomers, diastereomers, racemates or mixtures of
stereoisomers, thereof wherein:

[00187] W, X, Y and Z are independently selected from N or C-R,, where R, is hydrogen
or a C;-C4 alkyl group, wherein at least one of W, X, Y,or ZisN;
[00188] nis 0, 1,2, or 3;

[00189] R, is a cyano group; a carbamoyl which is optionally substituted with one or two
C;-C; alkyl groups; or a carbonyl group which is substituted with a hydroxy, a C1-C4
alkyl, or a C,-C4 alkoxy group;

[00190] R is a hydroxy group; a halogen; a C;-C4 alkyl which is optionally substituted
with one or more independently selected halogen or hydroxy groups; a Ci-C4 atkoxy
which is optionally substituted with one or more independently selected halogen or phenyl
groups; a C4-Cg cycloalkyl which is optionally substituted with one or more independently
selected C;-C4 alkyl groups; an —Ry group ; an -O-Ry group; a five to six-membered
heterocycle which is optionally substituted with one or more independently selected C;-Ca
alkyl, oxo, or —R groups; a nine to ten membered heterocycle having two ring structures;
a carbonyl which is substituted with a hydroxy, a C;-Ca alkyl, or a C,-C4 alkoxy group; a
carbamoyl which is optionally substituted with one or two C;-C4 alkyl groups; a nitro
group; a cyano group; a thio which is optionally substituted with a hydroxy, a C-C4 alkyl,
or ~R;, group; a sulfonyl which is optionally substituted with a hydroxy, a Ci-Cs alkyl, or —
R, group; an amino which is optionally substituted with one or two independently selected
C,-Cs alkyl, sulfonyl, or carbonyl groups, wherein the aminosulfonyl group is optionally
substituted with a hydroxy, a C;-Cs alkyl, or —Ry, group and wherein the aminocarbonyl
group is optionélly substituted with a C;-C4 alkyl, a C;-C4 haloalkyl, a benzoxy, or an
amino group which is optionally substituted with an —Ry, group; or two R groups together
with the phenyl ring to which they are attached form a benzo[1 ,3]dioxole or a 2,3-dihydro-
benzo[1,4]dioxinyl group, wherein —Ry is a C¢-Cs aryl which is optionally substituted with
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one or more of the following: a hydroxy, a halogen, a C{-Cj; alkyl group, a C,-C4 haloalkyl

group, a C;-C,4 alkoxy group, or an amino group which is optionally substituted with one
or more C;-C4 alkyl groups.

[00191] Preferred compounds of formula VI are set forth in Table 6, below:

Table 6
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[00192] Compounds of formula VI can be obtained via standard, well-known synthetic
methodology, see e.g., March, J. Advanced Organic Chemistry; Reactions Mechanisms,
and Structure, 4th ed., 1992. Starting materials useful for preparing compounds of

formula I and intermediates therefore, are commercially available or can be prepared from

commercially available materials using known synthetic methods and reagents.
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[00193] Particular methods for preparing compounds of formula VI are disclosed in
International Application No. PCT/US05/036764, filed October 13, 2005, incorporated by
reference herein in its entirety.

[00194] In another embodiment, the nonsense codon suppressor is a compound of formula
VII:

Ary

VII
[00195] or pharmaceutically acceptable salts, hydrates, clathrates, prodrugs, polymorphs,
stereoisomers, including enantiomers, diastereomers, racemates or mixtures of
stereoisomers, thereof wherein:
[00196] A, is C,CHorN;
[00197] V and X are independently selected from N or C;
[00198] W is selected from N, C or CH;
[00199] wherein at least one of V, W, or X is N, and wherein if W is N, at least one of V
or X is also N;
[00200] Y and Z are independently selected from N, C, C-R., C=0, C=S, wherein R; is H,
CHj3, or NH;; with the proviso that when one of Y or Z is C=0 or C=S, the other may also
be selected from NH, S, or O;
[00201] R, is carboxy, cyano, or a carbonyl group which is optionally substituted with a
C,-C; alkoxy group,
[00202] R; is absent or a nitro;
[00203] Ar, is a C, to C4 alkyl which is optionally substituted with an R group; aCs to Cyg
aryl which is optionally substituted with one, two or three independently selected R
groups; a five to ten membered heterocycle which is optionally substituted with one, two
or three independently selected R groups; together with Ar; and the heterocycle to which
Ar; and Ar; are attached form a ring structure selected from Ar;.3; or together with Ar; and
the heterocycle to which Ar; and Ar; are attached form a ring structure selected from Ar 3.
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[00204] Ar; is absent or together with Ar) and the heterocycle to which Ar; and Ar; are
attached form a ring structure selected from Ar).3;

[00205] Ar; is absent or together with Ar, and the heterocycle to which Ary and Arz are
attached form a ring structure selected from Ar.3;

[00206] Ar; is absent; or is a C1-C4 alkyl, a C1-C4 alkoxy, or a C;-C, thioalkyl, any of
which together with A, forms a four to seven membered carbocycle or heterocycle;
[00207] R is hydrogen; a -R, group; or two R groups, where R may also include an oxy
group, together with the phenyl or heterocycle to which they are attached form a ring
structure selected from RR;

[00208] wherein:

[00209] Arj.; and Ary.3 are selected from an eleven to fourteen membered hetero-tricycle
ring structure optionally substituted with one or more halogens, C,-C, alkyl groups, C-C4
haloalkyl groups, C,-C;4 alkoxy groups optionally substituted with a halogen or a Cy-C4
alkoxy group, C-Cq4 haloalkoxy groups, or amino groups optionally substituted with a
carbonyl group which is substituted with a C,-C; alkyl group;

[00210] RR is a nine to ten membered bicyclic ring structure optionally substituted with
one or more halogens, C;-C, alkyl groups, C;-C4 haloalky! groups, C,-C, alkoxy groups,
oxo groups, or C;-C4 haloalkoxy groups;

[00211] R, is selected from the group consisting of: a hydroxy group; a halogen; a C,-C4
alkyl which is optionally substituted with one or more independently selected halogen or
hydroxy groups; a C;-C4 alkoxy which is optionally substituted with one or more
independently selected halogen or phenyl groups; a C4-Cg cycloalkyl which is optionally
substituted with one or more independently selected C,-C4 alkyl groups; an -R{, group ; a -
O-Ry, group; a four to six-membered heterocycle which is optionally substituted with one
or more independently selected C,-Cj alkyl, oxo, or ~Ry, groups; a nine to ten membered
heterocycle having two ring structures; a carbonyl which is optionally substituted with a
hydroxy, a C;-C; alkyl, or a C,-C, alkoxy group; a carbamoyl which is optionally
substituted with one or two C;-Cy4 alkyl groups; a nitro group; a cyano group; a thio which
is optionally substituted with a hydroxy, a C;-C; alkyl, or —R;, group; a sulfonyl which is
optionally substituted with a hydroxy, a C;-C4 alkyl, or —Ryp group; or an amino which is
optionally substituted with one or two independently selected C;-C4 alkyl, sulfonyl, or

carbonyl groups, wherein the aminosulfonyl group is optionally substituted with a
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hydroxy, a C|-C4 alkyl, or =Ry group and wherein the aminocarbonyl group is optionally
substituted with a C,-C,4 alkyl, a C,-C4 haloalkyl, a benzoxy, or an amino group which is
optionally substituted with an —R}, group; and
[00212] wherein -Rj, is a Cg-Cg aryl which is optionally substituted with one or more of
the following: a hydroxy, a halogen, a C;-C4 alkyl group, a C;-C4 haloalkyl group, a C;-C4
alkoxy group, or an amino group which is optionally substituted with one or more C;-C4
alkyl groups.
[00213] Preferred compounds of formula VII are set forth in Table 7, below:

Table 7
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[00214] Conpounds of fornmula VII can be obtained via

standard, well-known synthetic

nmet hodol ogy, see e.g.,

March, J. Advanced Organic Chem stry; Reactions

Mechani sns,
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and Structure, 4th ed., 1992. Starting materials
useful for preparing conpounds of fornmula | and

WO ntoenneas at es therefore, are comerci al |y avaPCBDE®0D008268
can be prepared from com#scially available materials
usi ng known synt hetic nethods and reagents. [00215]
Particul ar nmethods for preparing conpounds of fornula
VII are disclosed in International Application Ne.
PCT/ US05/ 03 676 1, filed Cctober 13, 2005,
i ncor por at ed bv reference herein in its entirety

[00216] In enbgdi nept, the nonseyse/€Bygon
suppr \ﬁ) @... of | for AN @ cl
R2- - 20077 117438 PLT/ USR / 008268 66 VI

or pharmaceuticall yfaccep le salts,

hydr at @s, ¢l at hrates, prodrpgs, polyrworphs,
steréb|§8ners i ncludi ng engantio r§) di ast ereoners,
Facerat-es—or—m-xt-ures—ef—st-ereot-serrets—therecof

Wherein: [00218] Y_and Z ar¢ independently se€ ected

fromN or CJf_ u@ Wis N or CH [00228] n)s 0, 1,
P or 3 TO022N] RXIZ hydrogen, a CB to\ggN i ch
s opt 2l |y substifyted with a o@i group?y or Rl

when Z is N, [00222] R2 hydrogen; a C6 to
C8 aryb wth is optionally|substityted,with one, two,
or three independently sel ¢gcted RE gPoups; a four to
seven nenbered heterocycle which is optionally
substituted with oqg @ nore¢ independently selre F
C1- C6 aIkyI d

ur to seven nenbered het
hryl oxylgrgup, or an am no |group, efein the four to
sevenOnerPer ed het er ocycl e, CB-Cgo.ry$oxy group, and

A no_group are optionally dubstituted with one or two]

I ndependent | =3¢l egtqd C1-C§ al kyl £6-.C8 I
groups whi I-"I groups ar e~g Ni F
[

il ndepe ly sub uted wijth o nor e - al kyl
roups; ~&Cl1- C6 éﬁkoxy; a Cg4-C8 anry ; a C6-C8 aryl
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optionally substituted with one or two independently
sel ected C6-C8 aryl or Cl1-C6 al kyl groups, which are
wepiranmaBs y substituted with a hydroxy, a C6- GBCHUS$1007/008268
or a nine to ten nenberediiseterocycle having two ring
structures; a carbonyl group substituted with a five
to six nmenbered heterocycle group; a four to seven
nmenber ed heterocycle group optionally substituted
with one nore Cl-C4 al kyl or oxo groups; a nine to ten
menbered heterocycle having two ring structures; or
wo R _groups mhexeln R may al sa |nclude -an — oxy
gr oup, together
are atpached f#

hetrer c NVATO N [
wher@?%xﬁéigg ahhalogen a Cl- CB-gt k
Which is ionally substituted wt @

ndependent | y selected halo en groups;
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yr ouP’s; rb&M whi

X ~d ndepengen el gct ed
g &L optﬁﬁ%%{iigﬁhb§tltuted
M th a oxy or a Cil- C6 al koxy g ; a carbanoyl ;

An am no which is optionally substituted wth an
ndependent |y selected Cl- ahkylOgroup, wherein the
C1- C6 al kyl ~_ORt i onal I'g—<ubstituted with one

Dr LB ected hal s @rhydr oxyl
grgﬁg%; Q_FRCH™H

¥§, wherein YR
AN OXy gredp, together MAth the C6 to C8 ar
[0 which they are attached fform a nine to t@n @nber ed
eferocycle having two ring structures wherein the

nine tmten ne r ed rogycle having twyg ring
strugt es S_Np elly substj tuted w t i~ one nore
nde éﬁect hal ogenso M-Nr eferyed®
:onpounds formula VIl ane set f in Table 8,
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[00214] Compounds of formula VII can be obtained via standard, well-known synthetic
methodology, see e.g., March, J. Advanced Organic Chemistry; Reactions Mechanisms,

and Structure, 4th ed., 1992. Starting materials useful for preparing compounds of

formula I and intermediates therefore, are commercially available or can be prepared from

commercially available materials using known synthetic methods and reagents.

[00215] Particular methods for preparing compounds of formula VII are disclosed in

International Application No. PCT/US05/036761, filed October 13, 2005, incorporated by

reference herein in its entirety.

[00216] In another embodiment, the nonsense codon suppressor is a compound of formula

VIII:
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can be obtained via standat@, well-known synthetic

nmet hodol ogy, see e.g., March, J. Advanced Organic
Chem stry; Reactions Mechanisns, and Structure, 4th
ed., 1992. Starting materials useful for preparing
conmpounds of fornmula | and internedi ates therefore,
are comrercially available or can be prepared from
comercially available materials using known synthetic
met hods and reagents. WO 2¥&H/ 117438 PCT/ US2007/ 008268

178 [00227] Particul ar, net hods for preparin onpounds
(00213} o pharmasewiqally aceeRIplE Felbe By drates; Hlptbiatas FoRPES, polymorphs,

steredg%gﬂérg ﬁﬁ&lﬁ&n%naﬁ%i&oﬁé%%@Z%rs, fAdeRAtdddraRiRturdSof

2005, ‘incorporated by reference herein inits
sterecdspmparsttherepDERAGIN: | n anot her enbodi ment, the nonsense

[0021%?%9%1{%%% GRS Plndeitlf sERRE Woth Rfof@r mula IX: N-__ 0

[00219] W is N or CH;

[00220] nis 0, 1,2 or 3;

[00221] R, is hydrogen, a Cq to Cs aryl which is optionally substituted with a carboxy
group, or R is absent when Z is N;

[00222] R; is hydrogen; a Cg to Cg aryl which'is optionally substituted with one, two, or
three independently selected R, groups; a four to seven membered heterocycle which is
optionally substituted with one or more independently selected C,-Cs alkyl groups or a
three to seven membered heterocycle; or R; is absent when Y is N;

{00223] R is independently selected from a halogen; a carboxy group; a C;-Cg alkyl group
optionally substituted with a four to seven membered heterocycle, a C¢-Cg aryloxy group,
or an amino group, wherein the four to seven membered heterocycle, Ce-Cs aryloxy group,
and amino group are optionally substituted with one or two independently selected Ci-Cs
alkyl or Cs-Cs aryl groups which Cg-Cg aryl groups are optionally and independently
substituted with one or more C;-Cg alkyl groups; a C;-Cg alkoxy; a C¢-Cs aryloxy; a C-Cs
aryl optionally substituted with one or more independently selected halogeﬁ, C-C4 alkyl,
C;-C4 haloalkyl, oxy, C;-Cs alkoxy, or C;-C4 haloalkoxy groups; an amino group
optionally substituted with one or two independently selected Cg-Cg aryl or C,-Ce alkyl
groups, which are optionally substituted with a hydroxy, a C-Cs aryl, or a nine to ten
membered heterocycle having two ring structures; a carbonyl group substituted with a five
to six membered heterocycle group; a four to seven membered heterocycle group
optionally substituted with one more C,-C alkyl or oxo groups; a nine to ten membered
heterocycle having two ring structures; or two R groups, wherein R may also include an
oxy group, together with the hetero-bicycle to which they are attached form a twelve to
thirteen membered heterocycle having three ring structures; and

[00224] wherein R, is a halogen; a C;-Cg alkyl; a C;-Cg alkoxy which is optionally
substituted with one or more independently selected halogen groups; a C¢-Cs aryl; a four

to seven membered heterocycle which is optionally substituted with one or more



O R IX [00229] or pharmaceutically acceptable salts,

hydrates, clathrates, prodrugs, polynorphs,
wat@raoi4ssonmers, including enantioners, di asterBOERRN7/008268

racemates or m xtures of #i7%ereoi soners, thereof

wherein: [00230] X is a halogen; [00231] Ris a Cl1-C8

al kyl group; a Cl-C4 hal oal kyl group; an -OR, group;

or an amno group which is optionally substituted

with one or two independently selected R2 groups;

[00232] Rl is a Cl-C& al kyl group which is optionally

substituted with one or nore independently se]ected

indeperaleqily splgcted oxmgrepmsup Caropylrviich & eRfiongHy Sposiivrieh Wl@l a

hydroQi?ﬁ gpa éiéy&k%%bg{oh% 1 egtoiinbi1; QR Snfifo WRE is %gaesageamsumted

or 0Xx0° groups; a pi erlﬁéw group
with am:lddpenéerﬁ]:yt sedovded G1-Slabatityll guavpd whietsin s Atkyk group is
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groups together with the %n1no to which they are WO
007/117438 PCT/US2007/ 008888 179

nhor phol i nyl group, a pyrrolidinyl group, an

soi ndol i nylL~gr ogp, a piperazinyl group i's
pptional |y Ji}+m§§;?ﬁth a phenyl ~p002341
where,'qual 0 a Cl-C4 al ko roup; a

car banmoylg group which is optlionally stpstituted with
pne or two i ndependently sel @cted Cl- ﬁykwl or C1-C4
Al koxy groups; a phosphinoyll group Wickis
pptional ly substituted with gne or two indepe
sel ected C1-C4 alkyl or Cl-C4 al koxy groups; a
hor phol i nyl g -@» pyridyl} group; or an -Rb group;
and [ 002351 er2+A Rb is a ¢6-C8 aryl whic

bpt i onal sUbs®ituted with gne or nore of t

ol | ow ndependent |y sel gct ed: O OXY,

hal ogen, & Cl-C4 al kyl group,| a Cl-

Jr oup, @& ‘odi al koxy group, [or an amyho group which

s optionally substituted wifth one g# anme
ndependently selected Cl-C4 lal kyl| rQr ou [ 002361
Or ef er r ed conpounds of\formulla I X are set forth in
fable 9, below Table N"ONO
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wQ 00237438Conpounds of formula | X can be obt ai nedI/vsZ207/008268
standard, well-known synt h&Bi ¢ nethodol ogy, see e.g.,
March, J. Advanced Organic Chem stry; Reactions
Mechani snms, and Structure, 4th ed., 1992. Starting
mat eri al s useful for preparing conpounds of formula I
and internedi ates therefore, are commercially

avail abl e or can be prepared from comercially
available material s uUsi ng knaown e\lnf heti-e—methoed
]

o o
crl o CAIo

reagent %Pﬁrtl cul ar| met hods fo ari
| X are discl oged
Inter tronal Appllcat n Noj PCTAUSYSE/ 0 7083, filed

October 13, 2005, incor pUrat ed by r&erence herein in

S entl ret , 239b The nonsenseHcod JQpre
act I vit escri ped he6e| b
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or both in the cell-based |uciferase assay are
believed to still have utility in the in vivo nethods
wotoorher4Bsivent i on. 5.3 SYNTHESI S AND PREPARATI ENI/0F2007/008268
| LLUSTRATI VE COVPOUNDS [ 00241] The illustrative
conmpounds descri bed herein can be obtained via
standard, well- known synthetic nethodol ogy, see e.g.
March, J. Advanced Organic Chem stry; Reactions
Mechani sms, and Structure, 4th ed., 1992. Starting
materials useful for preparing the illustrative
conpounds described herein apd-interpediatest-here
are commercially available pr can be pr@pared from
commercially available materjal s usi omﬁ\syh$ﬁ“tre
nmet hods and reagents. d-00242] Parti r met hods for
iHi 9 NII FNat Ave cpnpountlg descri bed herein
at % t in Up 2004/0067900, published
3 2007/ 117438
PCT/ US2007/ 008268 186 publ i $he nuaay 29, 2004, WO
2004/ 009533 Al, published Japuary -02004, US 2004-
0204461 Al , published Cct obel 14, 2004, Internationa
Appl 1 cation No. PCT/y82005/036673, filed Cbtfﬁ:j 13,

f Ar
Ot

2005, | nternationg—gfpplication No.
PCT/ US2005/ 037052 fi ?ed Qct dber 13, 2005,
nt er nat i onal~App¥i ion No| PCT/US2005/
filed Cctobd B, 2005, Internnational Appl i on No.
PCT/ US2005403%762, filed Octgber 13, 2005 %

nternationetOApplication No.| PCT/US200
f il ed Octaber 13, 2005, each|of which

herein in its dntirety. @ METHODS FOR
4G NONISENSE CODON SYPPRESSOR ™-A(S Nﬂs [ 00243]
Conpounds a® suppress prenmgture transl
termnati d and/ or nonsense- |nmedi ated nRNA decay can
pe—dentTTed Ubiﬂg techniqu S RKnown to thoSe of _gKi|
n the art. Publ i cati on No.
7005/0233327 @ubllshed qg Qer 20, 2005, entifl

1 Met hods [ Mol ecul es thatNNbd | at e
Pr emat ur ¢ ,nslatlon Term nati on and No
vedi at e, MRNA Decay”; U.S. Pgqtent No. 6,488 538

entitl ed—@Met hods of Assaying for ConmpRunds t hat
( Premature Transl ati on Ternm nati®on~and

Nons Nbdlated RNA Decay"; { cation No.
8%& publ i shed Janu titled
Assaying for Cor I bit

>ubI|cat|on < 2 [ 4
\ssayi ng_f un hat H S 0
H o o

gw/@:/ W N w/@ >‘O \__/




Inhibit Premature Translatio
Medi at ed RNA Decay, " each of
wheoogiln74y reference inits e
cell -based and cell- free &
identification of a conpound
translation term nation and/
decay. [00244] I n one enbod

provi des a nethod for identifying a conpound

n Term nati on and Nonsense
whi ch is incorporated

ntirety. I n partiPRCl/a82007/008268
says can be used for the

that suppresses premature
or nonsense- nedi at ed nRNA
nment, the invention
t hat

suppresses premature translation term nation and/ or

nonsense- nedi at ed nRNA decay

(a)'go tiong onp d or
conppu i ¥ N cont ai
sequéeyce~Conpri siny a Teport
reporPer gene conprises a pr

n
n

a penb
ni ngy_a i ¢ afd”
er " gefie, ein tHe

cmat uPe st op codon

(D) et 6Ci Ng, { NE_.expr essi o
wher2i n onvae@}ha?supp
t r anfdhatyen—ter mrat i o’ and/

decayds identified if the

eROT t eng-
ey
oS ense- Redi

eXpreesi on and/or activity

and
h o&isaic
DI

of—sard—reporter_gene T The[presence of_a conpound 1S
i ncr éhsed 3 PCT] US2007, 8 7N Nen
rel ao.wy | det ¢rm enteyr ange;

or thellexpression and actijivitypoof said reporter
gene i 8 the absence of said Aad

f or iQen
transl @ f
decay, said nethod conprising: (af contacting a

conpound or a menber of a |i

cel | -#iree ract a nucl ¢
conprosing g gpory gene, \
conpri ges a premat ure$iop c(

l he exf? ession of said report

brary of conpounds wigh Fa
i C jqcCi @nce \fLF
wherlei n réhe
don* Yy and (bY detecting

er geme, wherein a

conpourTdthat—Suppresses pr
 ermi nati on and/ or

nonsense- I

dent if i egRf—Phe gxpxession jand/ or acfiy

feporger _gens b \e presenceq of

ncreasjgd rel at'i ve toﬁ%_previousl

ef erer@e range, or t expriessi oh and/or activity of

sai d reporter gene in the abgdence”0ofosai d conpound or
he—presence—of—am—approprirgte comtrol— (€. g., a
negati ve contssl). rdgnce with thisg

ebodi mntNN@act may be is,qm

cel |'s Igf e’ been intubatdd at aboul B€’to ut
10C § n S 10 to S30 celll -frge>gxt@Act. [002451
n acsgfdance with the inventiji on, e step of
tontacling, a conpound with alcell Jor cell-free

opti mal

krpolypeptide or

¢xt r@ct "@nd a nucleic acid segquerge~pn 'the reporter

fefe—based—eassays_described—hererm s preferanty g

conduct ed i pg—ay ﬁHue s sol utlion conprising a buffe F

and a Naaf'i 0 f%?
e

t
Qenfrgh'

gueous solution®is de




pepti de encoded by the nucleic acid sequence (e.g.,

the regulatory protein) and the conpounds used, and
w@an7her4aet er mi ned usi ng routine experi nent at i BOT/US200A008268

speci fic enbodi nent, the &ueous sol ution

approxi mates or mmcs physiologic conditions. In

anot her specific enbodi nent, the aqueous sol ution

further conprises a detergent or a surfactant.

[ 002461 The assays of the present invention can be

performed using different incubation tines. In the a

cell -based system the cell and a conpound or—a perber—
of a library of conpodnds npy be incubated together
for at least 0.2 houpsi—B. 25| hours, Q.5 hours, 1 Roup

2 hours rs,~4{hoprs, 5| hours, f hours, 8 hours.,y
10 ot 8 hours} a ast\@a, @
shr a east 3 days ore RXpresgi on

and/ o activity of a reportef gene is neasured. In a
cett=free—system—the celT-1fee extiract and theg H
nucl eic acid sequent (elg., a reporter gend)—{an

be ingubated tqget Hg%ore t he BdditJ ap of A
2007@74 / 008268 188 :
menb of a~Fibhar f conmpounds. | M&érthin
enbodiments, the Celj-1rTee e€xtract are I ncubatedpowWth
an h ¢ aci d sequenge(s) (@.gdg:?]reporter gene)d—nN
bef oke nhe . additi of ‘a corﬁpo d Ner of(a H
li brary B@p or at least 0.2rs,

hours, 0. OUNSs, our, 2 hours, 3 ho@afs;N4 hou

Tours, 6 nours, 8 nQiirs,y 10 hours, 12 hours, 18 H
hours, or at |east 1IXday. Inj|other enbodi nents, ®

pell;kgee ext pact , —o th@ nLcIel

e.g., £ ) ) is incubate h ,a—¢
pr a nmenb ) brary of {conpoun belfore
ToIm QO of" Jhe nuclei g acid sequence(s% (e.g., ag H
repo%?&figfh: hé cel | -flree extract, N,

r espec & | rt ajanenbqdi m{\ﬁNm ) g
menber of a library off conpoynd i ncu N'W a

Attetetrc—actrd—sequence(s) (€. J., a reporter _gene) or

cel | -free extragj-defore the [addition of tle kenaining
conponent, i.e. J geH -free gxtract, 3 g acid
Eequence( sj ' eporter| gene), ( € for
ht | eq 0. 25 hodrs, 0.5 hqurs , 2

hours, 3lhours, 4 ho 5 hdurs, 6 hears, 8 Hours,
10 houms? 12 hours, 18 hours,| or at Ieash 1 day. Once
he reaction vessel conprisest the comperents—i a

¢onpound or ayARmber of a Iij

cell-free

e.g., aAd géne), the /
ifncubat ey east 0.2 ho .
hours, 1 2 hours, 3 hours, 4 hours, 5 hours, 6

hours, 8 heugst 10 hours, 12 hours, 48y hours, or at
lleast 1 dAy. [00247] The progiess of the reactien—in

-+ LA N T
tthe reporter gefe-based assayp can be neasyrgd

gonti nuousl y. Al natively, fime-points ng en
at diffg othe reagtion tg@
Ar ogr ess reaction in the repo

dssays.




[ 00248] The reporter gene-based assays descri bed
herein may be conducted in a cell genetically
wepgrnersed to express a reporter gene. Alter netT/vUst097/008268
the reporter gene-based a$®¥ays descri bed herein may
be conducted in a cell naturally expressing a reporter
gene conprising a nonsense nutation in the coding
region of the gene. Any cell or cell line of any
species well-known to one of skill in the art may be
utilized in accordance with the methods of the ,
NVenti on. rurther a cett=free extract—may be derived

fromany celj-% ST\ Tine of any speci es \eld - kngwn
{o one of ski\ t art. Hxanpl es of celllls zng ge}l
types . i bt are not Illimted to

ppse cells, cultured ratOge
1anster ovary ¢' CHO' ) cells. [00249] | The reporter gene
const ruct olized in the reporten” aene based assays

escribed™ herein may conprisle the coding region of a
eporter gene ﬁnm a @ mat ur e stop codon taat results

n premature tgRanstg terni nati on andjor
nonsense- nNeei-@ NNeCdecay.| WO 2007R&KT 74
PCT/ US2007% ! 89 Preferjably,
codon os AFtérnminal to the native sty
eporter ene and is |ocated such.thgt - Hhe

suppression! of the premature [stop Codon is readily
letectabl e. I g-@ specific entodi ment, ayreporter géne
e orter P

east 15 nucl eoti des, prefergbly 25{to 50 nucleotldes
b0 tg‘%S nucl eotides, 75 to 100 ng Negtt des, 100 to
66—TTuTcteot ucb 160—to566—nucteotides—1066—+to—+56
hucl eot i des @ 00 to 1000 nucl eotides frp

codon reagi ng frlame of #t

fed Tn the repor 8r geng- basefd assays deson
1ere|ﬁ~gonpr|ses t he codlng reglpﬁDOf a reporter gene
Contarntnyg ad)l erratture—sStop——¢ t

oreferably 25 tg

/5 n 100 nud
hucl 00 ._nucl
hucl e 0 ﬁucleotl

nucl egh fromthe native [stop_cgden in the open
eath Prame of the reporter ﬁe 91 anot her
=nbod|nennr4- reporter gene construct utilized in the
Z seo assays degscri bed herein conprises
a Feportler gene containing a UAG
g 6p cddon. In yet another
6“4 a reporter gene donstruct utilized in the
[ epor'ter” gene based assays dgscribed herein conprises
[ he codi ng region of a reportler gene, containing a
premature stop codon in the context of UGAA, UGAC,

[OOZZMmpW of é¥rdyla WAKGan B GBtaikitEda stivdlvd, YWAICGkn d ¥ nthetic
ort me]l-knomn to_one
et L9030 AP SRS Bl L KON 2\,

and Structure, 4th ed., 1992. Starting materials useful for preparing compounds of

formula I and intermediates therefore, are commercially available or can be prepared from

commercially available materials using known synthetic methods and reagents.



reporter gene constructs described herein. Reporter
genes may be obtained and the nucleotide sequence of
wo b@7alasent s determ ned by any met hod wel | - KnB@ITUSZH07/008268
one of skill in the art. TBe nucl eoti de sequence of a
reporter gene can be obtained, e.g., fromthe
literature or a database such as GenBank
Al ternatively, a polynucleotide encoding a reporter
gene nay be generated fromnucleic acid froma
suitabl e source. Once the nucleotide sequence of a

o022 B33y eds o gl oo bl LB LGSR B
Interndt@drlal WpPtiBatich Nbepem$w/o3M2 fmm @xetbbéri 130 2005 incorporated by

nucl eot 1.de se uences, e.dg., reconbinant DNA
referepeechareig jRdts eQfifelYdi rect ed nutagenesis, PCR etc.
[oozzésp &€andtRér @XBsMbRNt, HREndiB6Rse dvdes sdmﬁegsobmh édmpound of formula

anbr ook et al. 1990, Ml ecul ar Coning, A
IX: Laboratory Manual, 2d Ed., Cold Spring Harbor

Laboratory, Cold Spring Hdwhor., NY and Ausubel et

al., eds., 1998, Current rotoé)ls in Mol ecul ar

Bi ol ogy, John ‘

i ncor por at ed

2007/ 117438

generate refp

sequence, foO

substitutions, ~ [002511

In a specific e oodlnent a reporter gene is any

natural | y-occurrling gene with a premature stop codon.

Genes with preaitwe stop codons that are useful in

the present O% nventifh include, but are not linmited

to, the genes descrijped herein. In an alternative

enbodi ment, a reporier gene is any gene that is not

known in nature n a premature stop codon.

Exanpl es of reporter genes igclude, but are not

limted to, the gene encoding firefly luciferase, the
[oozzgf e pﬁ%é&uﬁ@éﬂyj dRehidblelsBRATH drdiéle chEt 816 08hugS, polymorphs,

beet| e | uciferase, the gene encoding green

stereerwfqmrege@lnﬁxrm eatipmersh diagErRoMSTS ATIRA LT tggures of
maeJﬂ&H%&§§ﬁ§QBfR%8k§hn the gene encoding red fluorescent

protei’n, the gene encoding cyan fluorescent protein,
WOZﬂméKg%mbdeg@udlng bl ue fluorescent protein, the gene

£
00255 0 COSHRFALE 1 08B RSRf TR o i
groupt wmcgen ep@oredlyi suhstitutedrwitiphenpcto indepsridentin s¢lested B, groups;

0021508 S8 ST5Rh i el DR Rmlghes e % L

mdepﬁngerinlg sebehel R, goups; a -|-R],rgbyp af pxrmipbwi(goup whimbds optionally

oo GRESHIP R of BB PRSP BhEEL P BT pyo roues: a piveriay
groupP&hichiisl sptisediyosubbii tnedd \gm]nrams or mdra/fmismmleﬂtl}s selbcted C-C4 alkyl
ant . oi ns, ben odlaze i nes, an

hy di pept i des:
grour, BT PSR PR, GEPS SRIABBLY PURRRHES DY RRe RS Terg CreCa
alkyl @ CQ@WE@[‘W@I%BS Wirhﬁ&dm{fb@i} ghaipah@sirahydfPpintayl group; a

nucleic acid Ii rarleé anti body libraries;
tetrahydroyppRithyk SroppIRTAn igdanyl BEPWPbmi | or gani c

[00233] R; is a hydrogen, a C,-Cs alkyl group; a C;-C, haloalkyl group; a C;-C4 alkoxy
group; a —Ry,, group; a pyrimidinyl group; a pyridyl group; a sulfonyl group optionally

s), to
m no acid

substituted with an -R;, group; or two R, groups together with the amino to which they are



nol ecule libraries. In a specific enbodi nent, the

smal |l organic nolecule libraries are |ibraries of
whenzadi4ag epi nes, isoprenoids, thiazolidi nonesPCT/US2007/008268

net at hi azanones, pyrrolidi W®s, norpholino conpounds,

or di azepi ndi ones. [002531 In certain enbodi nents, the

conpounds are screened in pools. Once a positive poo

has been identified, the individual conpounds of that

pool are tested separately. In certain enbodi nents,

the pool size is at |east 2, at | east 5, at |east 10,

| east 25

t .| east t 0
stack p 58 8m oty i8R o 3ot Bt BRE A3 1s5MahBPbrolier o
piper&dfy| poomOwhitd. is opfoRAKIsubstjtuteiviitida bhﬁm grmuﬁ,he art
f neas Ln t he expressiqn of a rot y be sed
1002345 iR e it RalESRo O by Ao i & A e e s
optiod1 B Ribki lfAGKRE dnk Br 86 Qfdegamentlwsélbctw e:,mvmyn @1C,-C4 alkoxy
Non- I|n1t|n? exanpleﬁ of such net hods |n%
groupspygphesph gEqupwhich isgritqoally Bplbsptuted wit one or two
' L Q Al ¥ EMinyg kdupt @
‘“depﬁﬂaeyﬁg‘??‘;‘%gﬁn&d‘té‘a% L O B A PRt gl
pyridglegroup;eartanoffe@redn; andSpS- PAGE), i mmunocyt ocheni stry,
[002!51%‘?% &moié gté;, aft Whfth & SpA¥ARLY dubsBRitd IWHA B3 bR Bidke of the

san I'mMmunoassays, | munopr eci pl tation
followamay@epqnd@otlp |scl|e¢ted eabydrons a @éﬂpg% ¢ ﬁoﬂkﬂr@@%u 4 EnCa

ST MR LR, B PR OB Gy s

with amswspra‘lhdepemslcmhy selectediGodasdipd grgupst ei n A

o024 RORSRI385 s BESGRLISAE 30 HBANS ARSIy

gene of |nterest In speC|f|TaEmﬁbd|nent an
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n
T

1
used I h ﬁh I mlhnﬁ(‘(‘ﬁ\l FS onoe -6 £ IS

\JM\J\JM] T I \J'uJLo\J

porti ¢n of the phi
Such assays_are

-

€
aASS

(see, |e.g., —al, eds,
Protogol s im voleculdf Blology Vol™ JohnFW l ey &
Sons, {Inc., New York, which is incorpo ted by

referénce REreNH in its entirefy). O ‘%Epla
I mmungassaysq descri bed brigefly be R\Bt are not
i ntended by way pf limtation). [002551

| mungprecrprtatrog—prot ocots—generatty (,08[.)[ TSE

| ysing a popul at 0' ells ip a IyS|s, fe uch
as RI PA buf PIP- 4 Triton - 0 S
deoxyghol at 0. 1% SB 0.15 M Na 01 M um

phosphate a H 7.2, ﬁ@bTrasyIJI) S plenentéﬁ with
proteiln phosphaipase and/ or profease g~Qipitors (e.g.,

EDTA, PNSFC)ap éﬂgﬂ sodi um vanéﬂa2§g4 _gglng t he
anti bgdy whi cly’r i zes the antigen E ceII
8-

| ysat ¢—+reubatin feor—a—per-pd—of—twe—e o4
hour s) NTdi ng protein| A and/ or yFYt ei

sephar : Q7T | lysate, .@
about nor e 40 C, {wash begads i n
lysis nd resispendi ng {he Fds in SES/saane

buf f er}. ibhhlty of




the anti body to i nmunoprecipitate a particular antigen

can be assessed by, e.g., western blot analysis. One
wobkowgkil4Bs i n the art woul d be know edgeabl e asPtDUB1067/008268

paraneters that can be notofied to increase the

bi ndi ng of the antibody to an antigen and decrease the

background (e.g., pre-clearing the cell lysate with

sephar ose beads). For further discussion regarding

I mmunopr eci pitation protocols see, e.g., Ausubel et

al, eds, 2003, Current Protocols in Ml ecular

Bi ol odgy, Vol. 1y-d&0hn Wl ey &|Sons, InchONeW'York at|.

Chaptler 10. 56 \ESTern bljot analysﬂs SYare Iy

conprji ses par i Ng photei n sanpl eIeNtro gfesi s

of the pro sanplgs In a pclyac m de gegl (e.g.,

8% 20% SDS-|PAGE depending o é t he Iecular wei ght of

t he tigegy,"NH ansferring thg pr TN anplne—f r om

the p Iyacrylgh%ﬂﬁ gel to a nEnbrg%e 3%6 —a§

nitrogel | ul o2, or nylon,| bl ocki%hg Hhe N-#Enbr ane

i n bl pcki ng solufyén (e.g. , BBS with 3% BSA or

non-fat ml k), washFng the WD|2007/ 117438

PCT/ 82007/0082§§{)192 nmenbrane in wasmMu@knﬁfer

(e.g.} PBS-Twee cki nd the nenbra
primafy a d N(th tlbody wWhj chgnl t he
antigen) d ed in ocki ng HQuffe pashi ngg the

menbr pne in shing buffer, bllocking the neghrane wit
a secpndar Hbody___(whi ch rjecog $ t‘h(*| mary

ant i bpdy, .gﬁk\ nt iy human janti pofugat ed to
-an ewzynatldDSubst (e.g., hor ser dISh perOX|dase
or al| quroactive T
(e.qg. bl ocki ng b
was hi buf f e
the pfesen (ne o
woul d| be

be nodi fied jyncrease the signal getggted and to
reduc¢ the®ackground noi se. Hor fG*tth_dlscu33|on

regar @i ng wesger iR bl ot protocpl s seep” e.g., Ausube
&
4

-

et alj eds, 2003 rrent Protjpcols in Mleéegular
Bi ol ogy, Vol. 1 hn Wley & Sons, Inc. TfﬁAYork at
Chapt ¢r 10. [0025 ELI SAs conpri se preparlng ntigen,
coatimg the mell of a 96 well mcrotiter plat@ wth

t he antigen, qg a primary fpnti body (MM3ch

recogni zes the onj ugpted to |l e
conpouynd suyeh e tic pubs g.,

hor sefadi sh_pg oxida r alkplin sphat ase)” to

t he 1 andyincubating for a period[of tinme, and

det ecffi ng the~Nnpresence of thejanti NHI n ELI SAs the

anti body of)lngeQ§st does not pave o conj ugat ed
to a detect abPe cRm ognd i nst pad, a Qecokd anti body

(whi ch recogni zes dhe primary| anti body)¢conj ugated td
a det gectabl e conpop y be afided to th l.

Further, instead of cceating the well with tke antigen,
t he antt+bodymay be coated—to the—wett— T thi 3 Case,

a second anti body conjugated to a detectabl e conpound
may be added



following the addition of the antigen of interest to
the coated well. One of skill in the art would be
wheeniedgeabl e as to the paraneters that can bBCT/US2007/008268
nodi fied to increase the signal detected as well as
ot her variations of ELISAs known in the art. For
further discussion regarding ELI SAs see, e.g.,
Ausubel et al, eds, 2003, Current Protocols in
Mol ecul ar Biology, Vol. 1, John Wley & Sons, Inc.
New Yor K. [002581 Met hods for detectlng t he act|V|ty
&

of a frunmctTomal—Tregdthrough—prptern—encodet—by

reportler gene co sense mut at j.on vary
wth the r ' Assays fo, ous
reportler ge 0 QPEXQ t he
art. For | dici f erase, | bet

(" bet &- gal hﬁta gl ucoroni dape (

| act afase, «thl
and aljkal i ne gho
be anal yzed i n ©Ofs

pheni col acetvyl
hat ase (" AP" nzymes that can
presence of{a substrate and coul d
be amgnable to yh t hroughpuf screening. For
exanple t he read h productsiof |uciferase, beta WO
2007/ 117438 PCT/ US2007/ 008268 | 193 gal act osi dase
("bet a-—gal)—and alkaline phosphatase ("AP") are
assayed by changes i nR Ilght inaglng (e.q. F
| uci f ¢rase), spegtRophdegmetrif absorbanueb(e ¢
bet a- gal ), § ¢

changgs in @ absor pancd
fl uor ¢scenceya ) adapted for glp t hr oughput
screefi ng. _Eor dkanp beta-gpl ackiviltky can be

measufed WPt h ™ anropIate reader . ©G é¢n 1 uorescent
proteiin ("GFP'H activity can pe nmeasuted anges
in flyorescence. For exanple, jn the case o ant
GFPs at fluoresce at 488 rim standard fl uodrescence
activated cell sorting ("FACS equipnen&)ca- be used

followng d e
reporter ge : t eport
that permt d he IeveI of

translation ‘eaﬂ(hrnuon based pn |ucifedhse-edi at ed

chenmol uni n@scdhce® (e.g.}) HEK 293 &l 8) grown
in megdium (e. d?, di--: ont ai jni ng fetl bovine serum
(FBS)] are stably trgnsfected W th the Norti ATETT Cam

firefly luciferagegen ontaijning a pre@ﬁ5ur
dg

)
)
)

term pation o acild positionl | ace
of the threg e dodo denosj ne- -a si ne
(ACA) ] nor e resent at thijs si each of the 3
possi bl e non cod s (UAA, UAG or QUGA d each
of the 4 pO S|m edtldes (C, he

contextual ly Hyportant downst rleam +1 qpsition

foIIoM4%}4¢wkﬂensense—eeden—are Lntroduced hy
site-directed nutggenBsis. Figure 1 provides B dlagra

of the several tﬂf S | uci fler ase wRNMr‘
into § i ous| conc ¢
conpo a positijve c
gent am ive cowtro




solvent alone (e.g., PBS, DVSO or water)) are added to
the cells, and the anmount of | um nescence produced is
waledenmisaed after approxi mately four hours. PCT/US2007/008268

Lum nescence i s determ netB2usi ng a ViewLux CCD i mager
(Perkin-El mer, Turku, Finland). Lum nescence data is
normal i zed to that produced by sol vent al one and the

fold suppressi on over background is cal cul ated as
conmpoundl i ght units/solventE; g,t units. [00260] In

control eIIs (treated with sol vent only) translation

of thetuectrferase—genre+s—tntertupted—bythe_presence

P
of the premature sgop odon inj|the Iumfer&seF RNA,
and a truncateo‘}' nctional | uci f erisg n i §
produged t 3 gCtive|y 0 e\ he

chenolfum ne ce reacti on. Hopheve the presence
of conpounds are able to |inducCg osorral
readtrrougE) S emature term pai

full -ljengt |u3lf as proteip ispro uc andthe
corregpondi ng ence rel ptive to'con can be

quant i 7438 PCT USZOO7/008268;:194

[ 00261 lescri bep a speci jj-0 ex | e of
a cell y: A _luciif NA
har bori on Eodyh al poSi¥1 on
190 (Wi IS he MegaScript in
vitro N kit( ion, Austin,

™). T My extract
pr epar

. h cellé|) thgt/r\c ai n
ri bosg prd | 5 act or s necessary @
transl|ati on Véri ais concentrfations of a conpowad of

interdgst, a positive gontrol (1.e., a COITpOUﬂC,I_—WIIn

nonserise suppresgigg agtivity)| or a neggtpve gontrol
(e.qg.,| solvent a!oaﬁg& & , PBp, DMSO o are
added |to t ViINro Yegaction| an ambunt

| um ngscen roduced is detefmn ter

appr o¥i mat el ours. Lum nesgence is term ned
usingla Vi NXGED\I mager ( Pgr Ki
Finland). Lum hesc

data i sfnormaliked
produded by solvent aloge and {he fol disuppr on
over tackground is calculated |as conpoundlio

uni t s/fsotventt gt UIIIF_J. s—{ 0026t —Tontrot racts
(treatjfed with sohvgnt only), translation of tﬂ:l

| uci f grase MRNA ,|upte1I by the pjiese t he
pr ematiur e stopytotdn | vhe | ugi f erdse NIA,

truncdt ed, 3 functional luciferade pfotein is
produded t haf not effectively cat3d t he
chenolfum negteg regction. Hopevegp=y presence

of conpounds that Qrr le to }induce r| bem)al
r eadt hr ough of the pr turet=rmnat|on
fuII-Iength IUC|ferase prote|1 i's produ ed the

ol a
Correepurn.u g o escence—+etative—to—cot tIUI cat—be

quantijfied. A cogpgund\that isfiable to i ngace he
produdtion of fu,I- luciferase prptein AT\
cyt opliasm - t oes hot F-Nfuc e

i ndicqgtes t the nonsense
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readt hrough activity of the conpound occurs at the
of translation rather than that of

| evel

WO e@I4acHBPpt i on.

[ 002631 The nonsense suppr essoPCT/US2007/008268

activity of a conpound canid3e evaluated in cells from

a

as, e.

nonsense nutation in

subj ect or ani mal
nonsense nutation relevant to a human

nodel

g., cells frommdx m ce.

conprising a gene with a

di sease, such
The mdx m ce have a

exon 23 of the dystrophin gene

that generates a premature UAA (+1 A) stop codon in

dystr

1578- 1580 (1989)
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ol d neongt aIO ce using et aldis W hodc
le et al. (e& Met hods|in get vol ung
ges 85 WO 2007/ 117438 PCT/USZOOﬁ*OO8268 195
an—bege—Acadere—Press1{1998}+—and

-Davis et al cin. Invest. 104(6) F'375 381
). After aoﬁ o plastic dISh‘S are
dto ‘ nto |nyot
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man d'selses. [002661 In
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ve control | (i.e., a conp
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e al one) a period of
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tal dieto tle, Serum {
a
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jati ve control (e.g.

2 to 12 or nore weeks.
n(r) isotonic liquid

CK activity was assessed




commercially avail abl e NADH-| i nked ki netic assay
(Di agnostic Chemcals Limted, Oxford, CT). Blood for
waesammBeat i ne ki nase (CK) neasurenents i s coPCEUSEA7/008268
at different intervals. A8t he end of the treatnent
periods, mce are sacrificed. Blood is collected to
evaluate serumCK levels. Tibialis anterior (TA)
nmuscl es and extensor digitorum|longus (EDL) nuscles
ar.e renoved for subsequent analysis. The TAs are
rapidly frozen for inmunofl uorescence anal ysis of
dyst fophin i ncorporag on 1 ntof striated nusclgs. The
EDLs |are ut|I|z§d3for ynctiopal tests,yimcl uding
stremgth and sugce {ty tlo eccentrijt , tion
injuly. [ e prifary anti bgdySfor Myst hin is
a coﬁner0| avai | abl e rabbj t | onal anti body
genenated agai ngt a synthetic peptine rrespondi ng to
a sequencg g he carboxyl t er gFr o) n.H
dystophin (Abca 15277). Thi g antlbqﬁy cr ss-Nreact%
w t h|nouse dyS yn. The epjtope is |ocated Furt hef
domm<trean1(nnre|¢ rd WD 20P7/ 117438
PCT/ {S2007/ 008268 196 t he cafboxyl terninus of the
dystrfophi n prote| than |s the site of the pr naturé

stop| coded b n 3 d dystrophlnrgéhe
mix rouse. e~ urej using A gh fa
attadhed t o er eplfluo 88 ent m scr ¢ D

procdsse#i wi{h i mage- anal ysi 5 soft [ 002681
| sol gt ed ol'® nuscl e nechani ¢s a p-rforned on EDL

nusclies {TRgl uding both EDL Wusc iTanimals from
whi chh bilateral preparations ¢o made) using an
apparfat us designed for this erpo e (%arton Davi s et

al ., IPNASUSA-95(26)—15603 L5607~%1998,, -Speetfi-e-
forcE (the force paF{unlf of ¢ross- sect|08aI rea) of
the BDLs is al yzed

tection agaln:t { cal

I nj urly inducé .
contrlactiops Wth stretchés of 109
i s eval uat eg:—~damage is det er fri ned 3
| oss i nF{ orke Bttween the first a Se<e iC
cont rladti/on.”0[ 002691 Serum CKjact i it§ I s”asdpssed
using a Eonnercially avai | abl & NADH- | Mnked Kk iC
assay (Dragnostic Chem cal's L{d., Oxford, Cl)e [002/01

The ndx mce trgabed ﬁ'h a conpound W Nhononise
codor] suppressi fig .» y will | denonsiir

appr gci abl ai nng dystrbphl ar¥dd t scl gs
fromjuntr nmdx m ce. Thejmdx reated with g
conmpgund wi tth npnsense codon #uppre S|ng activity

wi |l jal so & 1 rgproved nean [EDL force

rel atjive to tie an EDL force of unﬁre'_ed mdx m ce
or vghicle control ytreated ndx mce. Th X mce

optimal |ength
©he |per cent agd

treatied with a ound wi thjnonsense c
suppriessi ng act|V|tyanII al s¢ protect agai nst
eccentric conqgmirat injuty. Further, the ndx m ge

treatifed with a bor MAth Wonsense




codon suppressing activity will have reduced serum CK

relative to untreated nmdx mce or vehicle
wa@oeownol43dg reat ed ndx mce. [002711 I n anot her BEETSI00T008268

exanpl e: To eval uate the effSect of a conpound of

i nterest on nonsense codon suppression, cftr-/-

FABP- hCFTR- G542X mice are treated for a week or nore

with the conpound, a negative control, or a positive

control. The negative control group conprises

untreated cftr / FABP-hCFTR- G542X mce. A positive

[OOZ‘t.;’ﬁ 2?519@0&5&%“&‘ folBHRTNE b%fotbrtalfned E‘{A%?anlagﬁr %e%{@a&%etlc

receirve a conp Oun nown nonsense cod
methgdplpgnsee ng. ,d\dafohi, IyAdarRtRl Opgrii¢ Chemimtnyn Behetoms Menttnisms,

NQy. i sections to.denonstr
ma ShADLAS, 1908 S AURERRl: BEED B0 b BatETRRARL b
formnlari‘pwd ckerhediates tieséfons) aMmethlaitmbailab\lﬁsJe Rhh be ptepared from
rents.can .a

d
comfipt R 3FelALE TS Lee RBadR ny RN Getipohiand Messtie
[00238] Pasithlaymefiods (6 PrEpadAR o poinds 65 ERAtulS iRl diclosed in

It DA T i P SUSADT P bt ey 1 i ssemporated by

referg{oaméﬁelmnitbgnmgdenum Al so, a conpound W t h nonsense
mutation suppressing activity wll result in a strong

[0023% T he:ensense qogea SHPPReRSOs PCtEYibP crsprapnge Aescribed hersimean be

meastR A8 the Qéb&fer a a?g @laéc?beg u} Q%é%%gs%t ggxﬁ% gﬁecgﬁi@ﬁxﬂﬁbﬁlﬁent

nonophosphate
the n@%ﬁ?p?@ Sﬁpblf?afﬁqrraétlwhnéqtmpmdﬁ desriribed ihoreimpatl be measured

wind FESEOREIMRNAAAIIME M85 Rt il o
contajging allfgdwpremahne @pxasnairontppdpe theat wian gtably aansfected in 293T

Fo ruct u
Humglg ﬁlg%‘fﬁ%ﬂ& ﬁ&l%e %?]iser mglﬁaelg o'f:eocu? ulc, g-lg-%s#?%rggg%&xermpélg-dloxo-
imidaziobidit-1 -Qﬂalberfzpm}tdldgslmopm to (atlo%-reﬁt;thmugﬁtoﬁbl‘@ﬁzﬁtﬂﬂi‘&nmnatlon
0027 To, eval uat e whet he ortion of the effec
codob Oa By 81 LuTelansati, ReRubLmerutement air pased of the
qualitatidt a¢lation betowegh uﬁm&gﬁﬁm fodcep@sticer oﬂ@ﬁ@dﬁﬁ%d@&@'t& produce
tinme . revers nscrlptlon PCR a ¥
a gws‘hﬁiogi}aan f el (pefengy. e BRI Agoanbe prptein pdyge by the
cell (6£12a6y)) . Cel ls (e.g. HEK 293 cells) grown in nmedium
z&ﬁ dlumcontalnlng FBS) are treated with a high
100248 asppundsdirvane lerthes Fgatfitanbpoteriyerreafticagyrofggotein synthesis
or bo'ﬂpix'lr the cdll®aOMRQEIFERN as@éyS Brel U&‘i:iL:UgJel% s@fﬁ%@(ﬁh&pfﬁt 08 vivo

s (treated with solvent alone) and positi
mem@‘éﬁﬁfrtbP inventign treated with a conpound previously
shown to stabilize nonsense-nutation- containing

RS ) syiﬁqtmzsfs\lé\m; m@m&h@ﬁdm OF SELUSPRATEVE

@antitgbmpd@ﬁ 'S pertor nmers
for_the reporter ene rrRNA and for 18S ri bosonal RNA

100241110 i N SovDFs RSTIPBR BPtedh cagehmeobiRinpe, gy standard, well-
knov%rs?ﬁﬂ\%ﬁc %tﬁ&ddl@é)atsbé/ gt 19139(9{“3 rz@élva%‘ééck @rg@ﬁz@ CORIBHRE Reactions

| oy I’g% t he nmeasur enent of
Mecfwarsnw g Sirseruradtioed s 8992 rfetartmgumt@n@ls usefal farmgeparing the

illustPRiVE thMpounds described herein and intermediates therefor, are commercially
available or can be prepared from commercially available materials using known synthetic
methods and reagents.

[00242] Particular methods for obtaining the illustrative compounds described herein are
described at least in US 2004/0067900, published April 8, 2004, WO 2004/009558 A2,



[00274] Chem cal footprinting may be used to map sites
of interaction of a conpound of interest with rRNA
WO oorheras experi nents, ribosones prepared fronmPCERUBR07/008268
(e.g., HeLa cells) are intibated wth vehicle
controls or the conpound of interest and then treated
wth 2 chem cal nodifying agents (either dinethyl
sul fate or kethoxal) that alter the structure of
rRNA. Fol |l owi ng the chem cal nodification reaction,
rRNA is isolated, and prinmer extension analysis is

pubIRELS TS 452001 200 500 AS A DSNSLERL il om0 2004
0204464 /6., @BblisADctTbre lfﬂﬂ @d%ﬂstenfatrbhd Applivation &t ensi on
PCTATS BRSPS 20 PG ifRRSn o |
PCTAISIMSH03005% efilad Cadtobes 18] 2068, i[ﬁ'tedlaﬁSndl m?mnagm alc eh
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PCT S ARBREaR el DR g, plos, Sreiatibdel Analitetce Ko of
PCTAISZ008/036362 it @ TctéHertB 2008 RA Didemationa @L;ﬁpli‘eaﬁsﬂmns

PCTASS UG RO 15 QRUFT A oBic Sacaiben i npomas ihd byesference

hereﬁQQT{sJeil;ﬁ{l@;% PCT/ US2007/ 008268 198 chem cal nodi fying
agent (e. g as a result of compound interactions that

2 ced [ nacceSS| bi I [ ty of the chem cal
[00243)d cbmpagn@gmat supprébs prerh&tatd thadbutibh Qéﬁrﬁh@ﬁcﬁﬁéﬂcﬂ& ®nsénse-

medlﬁggéng.&/} é ay o%gg P&en(tﬁ{égl ,e or }?&%%}1%%30 those of skill in the

art. sé@@lgf igist Pu@lﬁca’&oﬁW%@@O@@%ﬁ %ﬁ@ﬁéheﬁ@ctbﬁe? 20bbH4, ¥ntitled
to induce s eci f bosomal reéad hr ough

“Methpdsfar fdentifying %B@% Molawies that Mﬁdblarq Eryrrta@u*re ﬂamséatwn
Temnﬁmle&fdfmsnsehg@metmédd HRAEL QUGN (9§ f“at@x‘&{ﬁ@l 6,358838 entitled

codon can be eval uated In vitro.® For exa
“Metbads pbAssagingdon Cosrpavails that Iihikie Breneatane 'Etadslammmibrmmatlon and

o248 81014 i, DREDES Ly EORR A1 g o
9, 2003remitled é‘Meshodstd ARRPingddF @Dmpoumﬂsethatelnhlh'it Prdifature Translation

Cern YIS N AR o St BBy SR e Syt afpticlon

Publiehtion Noi WD 2[)0%16106 entith!dS Misthads oftRshgingefof)Contgolinds that

InhitfR et e hstalfbe PormReaon o 8orioets MpBatd SR A Degigyy cach of

which 1@&%6@?@1@@ hél@m’:lby refeiches Bsies CAEyf Us baicRIe &1D0baskd and cell-
ne._codon (ACA) nornally present

ace of the on
free %saiﬁof@f‘ hedﬁefigﬁ b l#ﬁ?&lﬁﬁ%ﬁ%@f( a corpeundJhalepBISS SREgHePature
transldmbhQ@lﬂﬁﬁ&n&ya@/éﬁn&isé@étﬁsdlaﬁutnmﬁ&e&écﬁ I'n addition,
"-UTR of the CD40 protein is i ntroduced

lOOZ‘&‘Hm}mr}Ee%Mﬂm% éhq ipyentignarrevidana mathechfariidentifsisgra compound

that SUPpreR&hremistd Hﬁﬁslatﬁnf‘ﬂeﬁhirﬁh@ﬁ’ ﬁﬂybpﬂoﬁgh$m@ﬁéieﬁhﬂvA decay,
are included at the ['uci ferase gene t

said mgthodjcoginaisg: () C@atac@ng @fcomp@unqb poa giembegiof aditbeary of

comﬁc{uﬂm Witk L&A1 cdrﬁ{zﬁﬁ\%ggf d]c'i‘elggghtsla%cggon%Bﬁgﬂé I\{'leporter gene,

tope tag 1's I nc
wherem the reporter gene comprises a premature stop codon; and (b) detecting the

expression of said reporter gene, wherein a compound that suppresses premature
translation termination and/or nonsense-mediated mRNA decay is identified if the

expression and/or activity of said reporter gene in the presence of a compound is increased



to permt isolation of the proteins of interest at the
time of Western bl ot anal ysis. [00277] The features of
WO b@7/RM88 t r anscri bed fromthese constructs aneCT/big2007/008268
expected outconmes with vat87ous conditi ons and
assunptions are depicted in Figure 2. In untreated
cells, only the truncated luciferase protein should be
observed (Figure 2A). In cells treated wth a
conmpound wi th nonsense suppressor activity that has
speci fic readthrough of the normal stop codon, both
relativd ﬁea Lﬁ[eVi&%@iS'%t@ﬁﬂnéJ&férﬁﬁde’faﬁg@m tﬂmpﬁ«ssmarwmastmﬁy of
made (Figure 2B é owever npoun Hme
said reporterigiene g EPESPCE S ﬁﬁ‘é&@é’ﬂ‘?&ﬂ Bhthermresents 8’6 P

| controlr(?%g,t ﬁ%éﬁt)e 93nt{'ch HPMer%mdﬁﬁ&ﬁntheﬁﬂ&muqubhﬂemg method
el nser ed premature stop codon at rE103| tdf)
for 1deﬁ®f3'ntgm cahpounsl thet mr@swre@aaﬁe gpnylpRongEIER or

nonsenéF &egdz e %& %aﬁfm@t)ﬁgﬁ chRfhrisihB! €a) W@Hﬂaﬂuﬁ@& 'ébinpbﬁnd or

uc IfTerase protein X the 84 am no
a memdei ofsa hbqueﬂcdmypcmmds et ell-{irrextzrg 2ad g Ipejeiqrgid a%%wnce

comm Pt B S0 B 8 Rl e coon

and (b?@aié&sagaaz/eﬁmaﬁan oﬁ@eﬁd mqmmer edne m@rqm REOTIPRUN 3§§ht
of the const

r b
SUppres gs REEREE Wi?t}o&tgggmag%l aﬁl e PRS6- dra%él 8§€% rﬂk@t& H&?ay '
1dent1ﬁ7éd3i@tﬂfeﬁékp(ré§sﬁinraﬁldﬂﬁ)actlﬁﬂy bhsaid rqmmist gertio the erm@s@ Qaf@

mar ker s ati ve contr.ol onst r,u
R T e
expreﬁﬁ:@x%ﬁy& aCQ0fy 6f sfi@Asiotiee peinghe avkescoof §ﬁ1d hernpbuﬂld or the

l'ength luciferase nRNA (Figure 2
presense p@ppgr@ﬁgpﬁebg@ptrgﬁgeoﬁegn g?élve éppétﬁﬁli.t g"ﬂg 23kddntE with this

_CRAR: FVA ARSI aicd fEore atigsithbyhardicar dndubgted at about
emboa}“ﬁe?{é %gcﬁrst op) rm%at [ oﬁ (C‘AA) at the end of the

0°C tol abpinf $0°Esandamran $ Qe BOE/-frpoestmast- CelIs are treated
[0024%1;1n a@co (g'ﬂﬁg With Ak 1f1 ghtn?ﬁ)ﬁsttl’ne cﬁ cBffat@fl 2%oinpdlnd with a cell

ours t hen ce ysates are nade. Cell bed
or cell- ﬁﬁaemacmaad mmaeulqmcn‘ﬂl seragnes indihﬁ F‘?ﬂ@é‘ler gens-hrsgd assays describe

d
herempxg gtls ﬁ%’? e%cgf’qug{seﬁl il %%&L&Lﬁﬁgwoﬁ é:gg'?ai??eﬁgg iﬁﬂaﬁlgch
combidatibe of Salar(eucﬂeqﬂ{@t é\ﬂa@rané/ol IMEQ)Z@O The @PS’F’& Q}g:eg’gptlon of

d W bl |
cach sifseX B BEGMTISOH O SUSTUTER O o BTCHF o, AP PgRde or
peptlc?eeé}%r)&éd’ by ?{l‘n WREE LG RO LD , 1R refelatoRg pratting ahd the

em © onspecific stop codon readt hrough ga% 6
comppemdmm@angaezdeéﬁmm i e CEPSLTFBHY ol dopecifi

embo(ilmenq tli'l ahﬁeolrs sgi gBFdﬁlmZéQ ot RimidPhydidlodid 9d&diJions In
uce ri bosomal readthrouygh of nornal
anothst mcd‘mjmbodxmm, theraansoupsrtien fufther eRfgRTIRF 2 detergent ora

roteins, with consequent shifts in el ectrophoretl c
Surf‘??ﬁ‘btrllty patterns due to increases in nolecu

[002463 'Hhst asamd/afthe pmsgasnvqnt@ln@gn be (pegfpma@cgusmg, dg’ﬁeé'ent incubation

times éagﬁ fgé[(b?@% sgg efng) é/el o?l:’kﬁ%d aﬁ{%&%ﬁ?%ﬁg?{) oicaggi)rglr']y of
compdundi@ay b8 Gncaibated tagd:tﬂexpﬁos At lleast 0¥ haurs, 0.25 hours, 0.5 hours, 1 hour,
2 hoJr%fSlell;cgé-? T hour g ltlc?l{rs,ag ﬁo ,ef‘fl urs V\fOt hou?s G9TRAN A 8%ours, at least 1
day, at least 2 days or at least 3 days before the expression and/or activity of a reporter
gene is measured. In a cell-free system, the cell-free extract and the nucleic acid

sequence(s) (e.g., a reporter gene) can be incubated together before the addition of a



or wth vehicle for a period of tine (e.g., 48 hours).

Aliquots of cells are assayed to ensure evidence of
w@eowgaunas i nduced ri bosonal readthrough of | ucPdBPUSRE7/008268

in the standard cell-basetB8reporter assay.

2-di mensi onal el ectrophoresis and conputeri zed

anal ysis using Phoretix software are then perforned.

[00280] A nore specific experiment to address the

potential for nonspecific stop codon readthrough in

an ani mal di sease nodel may be undertaken by assessing

ound'.s on o transl t| . '
compgibxafgglp ?]{ne o? %th rary of compaun c% ?eﬁ%&%@g@%&?x&s, the cell-free
extradt meinedbated I\Wthfmu(ﬂelp acudCsdqwéncb (sbree £.¢a gepor28 geas)Hefore the
I.ntere ositive

d of
addiigt g ARRRL Pt ARIEHPShGE By B aampetds RERt kg Shows, 023
hoursi 08ihoutd)alhodl] DRbis, IMiGiEk.e4 hdure S Bsurs 8 heds ihours, 10 hours, 12

mnld-type C57/ B10 rmouse_is aI anal ze is also
hours h§ Riaussher atdeast 1 dpxaln gthey ambedi &F%{Eﬁﬁaﬁfm or the
nucleff é?:ti(?k u'eﬁcé(@% bﬁé %%%) B 1%&(6‘5% alcBPoliad bP A member

codon at the en and a second i n-frane UAA

of a library Rf csmsue%hpﬁor@dm @Nl‘élamoif thevpclaip 29id pequegce(s) (e.g.. 2
reporte Fgéﬁé?gp%/e%@ﬁ%ﬁé% extidk, bdspedtivetd! Rin BebieahbddigREtsZa compound

odons is an iInt er venl 2‘31 sequence of 126
ora rmmnbferoxf iadéyaryt efmomponady istineubiapsd witl gingcleisorcid gpqugnee(s) (e.g.,
a repo%‘?er%@hé?o glgfrrg@(%;&%r%% g{fgg“@; th% I&ggﬁ}%@?ltliélgw@ﬁhk IEornponent ie.,
cell-f&etaxbabﬂ nr aﬁhwlelcl deidsaypongeds)dE. g 1t reperder genak regpectively, for at

least § ?%%?ué ¥, isghdlﬂéj EEnRRISD Pﬁgéuf b%ou§°§%§ﬁ?éh4 %tﬁﬂsé WU 6 hours, 8

stop codons expece
hoursQ10 hbutsi 12 powtsel Hhowrs) at dvdeasnt deﬁs ©dce thegeaaidmyvesskd comprises

the c%ngl'getngsg:z gs ' B bwg%ﬁl ﬁra g%be{nil ex Q%hll G ha?ge gouncgs B‘le cell-free
extra&%@ltgé ﬁhélylc@ﬁlcﬁsegﬁm(@({e . ©QAQBpStR YRS tie eaeidn hay be further
Its abil |t t 0 I nduc

pecjfic ri rea t.hr ou
incubied{op ALl O En oD 25 BEHS. O dOmtSs | REb A B b L Bours.
hoursng'h%ﬁﬁsc igfHotrd, §8HolFsD ¥ Robis, #8 RENHRPSr Al&HR: C@dPn can be
eval uafed in biol ogi cal. sanpl es fron1subjects (in

[00247] - Thecprogress L tgTsgctivnrin AhsteppEer 2918 brspd avsays eadsmeasured
contlﬁgtﬁg[}ﬁ Sﬁﬁ%m@ﬁ@él& tlmg%xrﬁi‘ﬁﬁ@lb% talrOR iSR! $HedBYthRSeaction to

I"ned rom nonsense codon sSuppr essor agent - treated
monitnyiheprogress of the isaetionsin thezapoper gene-bpsed ATFa¥hd at

[0024?; 'El?é"xségg)ﬁgeﬁﬁo:/\%%éd éfssgsndesgzﬁhé‘d %e[@em Cfﬁay bé cglgcﬂrgte%lsin%ll

geneticably| engingerddite ¢xpressra rcmomd geamphlierngiévaly,, thPBmstea gene-based

assayq 'd%?é?ﬁae%i%t Eéu!r? ?fga;;ﬂﬁgﬁg?“ﬁeé (‘i)’xgh gglggfngga\igf&gg%% ngga RB5AEgene

anal ysi's
compdfsmgvaedoxisensn mbhtibh o ducswalﬁligesgfmmﬁ thep ltxjee cAsy oéll onheell line of

from.the S, befor
any RGPy SELKoR R s DR U T By A R B SR B
methdﬁ oftdd ifventiohh Euhhemd csmﬁﬂee:xiraarme;abh denmtn! feerh amgr\cell or cell
anal (zed

ndiV| uaIIy Q2 e bl .0od
ine qlgng AaRt e re AP Y B aRES SR et PErlea gL palfitnd cel types
inclu@étbut @RS AR Nimhiked tonnmnbzecéusp Zelfurad thilsO tellh, belhaea ralsells or
The PBMCs and plasna ﬁre | oaded onto
Chinese hamster ovary (“CHO”) cells.
[00249] The reporter gene constructs utilized in the reporter gene-based assays described
herein may comprise the coding region of a reporter gene and a premature stop codon that

results in premature translation termination and/or nonsense-mediated mRNA decay.



pol yacryl am de gels optim zed to obtain maxi nal

separati on between el ongated readthrough protein
w@e@dact43s subject to el ectrophoresis, and trapcT/@s100Td008268

to nitrocellul ose nenbrang®® (or other appropriate

menbr anes, e.g., nylon nenbranes) for inmmunoblotting.

Proteins, such as C-reactive protein (CRP), B2

m crogl obulin and cystatin C, may be evaluated for

nonspeci fi ¢ readt hrough of normal stop codons. As

controls, wild-type and correspondi ng el ongated

proteins na be use nohl qttin e peyfor.ned
Preferkli e PCRUBR9D SIS ERRER 1 £ R SR BB 0 e reportr
gene 28434 HRhRA st%@ﬂ tifht BRCRAPPREMoR B tH&QS*Em%ﬁE@ lsﬁ‘opQ:oﬁOﬂi is fehdily
primary anti

ri sing horseradish
detectalp] yaspesifip em%e@qmem@ SRR R SORFRICS g {oiBe reporter

gene-l%ggd3 g&%g gé’s@ﬁ%eé HeMa| risR By c g 1epidnoen repbRbLgine
ave a gene conprising a nonsense nutation _
containing d prefrintige Su&s@ontahbastﬂﬁdmsgqqt@ﬁs,dﬁeﬁemb& 23 p0 nucleotides,

50 to fseg.%l@fttl&e%w{o g ; o{ih g&b‘iﬁgﬂo%%otsh@ nqeﬁstla@svbzso w@b as

sgeci fi1 ¢ readt hrough
nuclemmi&s,eﬂmatodlﬁﬂ)mwleoﬁhes sl 0ot 1908 dwickeiotites @qrn\mr start codon in the

open rgﬁ g agigé‘?’ 85 glﬁ-%pgﬁﬁ %z/eo Ol%xza%%fheg %ilnbtogﬁn&gnac‘ ﬁégz‘%ﬁﬁp g&%rbonstruct

SO I ncC e su ects
utilizdddnhh feparige gme—b*asaqb assaymgesanbem hansecqmpmtes ¢ cdding region of

t hose cases, .t he om
PG SBFE UGB SRISTPRLE AP RURL Skt nls R ] TRy 25 o
50 nué]Eoﬁ&és' so t€ 79 nuclebiided 985 ®el O(Bﬂuclﬁdtﬂhk yl(l()rtarl§bemt:kadtxdes 150 to

oottt S R AT R0 s M SR 0 BTa cie
from ﬁe lﬂ@ﬁv@ sRpRlMbE iSRRI peR ddiad frate v tl@é’iﬂeﬂoftasgdﬂxlde In another

, or incubated with g ce|l] extract and E gport d bed
embogignst OPRAT BgerF oSN EsITR® FElsh EoyBaef Baiay describe

herelrf(%xi'x?xé aegtthé b@dlhé ?%&gofs&}époﬁéf géfed c%?&téiﬁi'ﬁg ReuAGSaeEst UGA

rou premature. -stop codon as a
prech_mm o eodmntlnmet arpc@mzsm)bcrdmemomrmwr &prg eanstipey wiliapd in the

reporter ggn COMRAUNG. y% qg%h'b&l ﬁgreh{‘c yﬁg&gg Pe i8}Fof a reporter

'on can term ned arnaceutlca
gene, pbmaeﬂug eyrémaived $top gbdarisshe pontewpefrlﬂﬁépﬁ AIGAR, MOAG,

uGaf; Bagh Es’o”bd‘g{:ap dl;yrkgﬁ@ﬁf BRRG &ﬁ,gghcd RAEALRFAAL 50%

[00250]1 eﬂa@pmybrteagér;e \eélf-knowneo one 60kibfin tﬁw@rpmpu [bgtutibipgd in the

Cells and cel that an as
reportey pge ROOG gleouTHeR Mo RPN R ER e R b Red df the
nuclemlﬁélsédﬂ@nd:dl&ﬁﬂib ietementcdeteleninédiby ang nretitod werhl-tkadwlnctp one of skill

peri pher al od nononucl ear ce
in thel2g1.| Ehe AtlepiApAcaBrIce O MEPallss Eope St bE EPRIsEh & 6y om the
literafitélof B An@BR44 Jueh a§ GeaBank. sAltbmatikelyap pdltyhﬁclbﬁﬁdb(erﬁ:bdmg a
it can be expressed as the,rat,i

repories R FHY| RecionproRerom mucleis afis %@W?H‘tﬁ% S‘?‘He% nPrgmthe

nuclebﬂéé s&Rhbd bfa {‘ey)&@r gdrq5 apRthined] thdintBRotie RiqRkaAtd Sftthe
e a conpound identified in accor dance VVI th th

reportqas\g@m msy hermenipylated; using mgtheds wvgl-laopacingheass fopthe
mamglﬁgﬁon Sf‘ﬁﬁ‘clé&ﬁiél Aab&ckaks, {eBoMBRaANDNA HRhhIBEY, site directed

temthat targets suchAgents to the site o
mutagﬁrfestst BER; etes (ree. flor exateple; the figahinigues described in Sambrook et al.,

1990, Molecular Cloning, A Laboratory Manual, 2d Ed., Cold Spring Harbor Laboratory,
Cold Spring Harbor, NY and Ausubel et al., eds., 1998, Current Protocols in Molecular
Biology, John Wiley & Sons, NY, which are both incorporated by reference herein in their



potenti al damage to uninfected cells and, thereby,
reduce side effects. 1002851 The data obtai ned from
wo b@7ael4Bs cul t ure assays and ani mal studi es caPCheSue®008268
in formulating a range of 1®osage of a compound
identified in accordance with the invention for use
i n humans. The dosage of such agents lies preferably
within a range of circulating concentrations that
include the ED5O0 with [ittle or no toxicity. The
dosage may vary wthin this range dependi ng upon the
i @ﬁm'lt i ditfesdift a®ino adidi sefadricatfopaxample
entlret%????g%ﬂ i Mé]cgr ani}&gg%ﬁ%bﬁsggﬁ i n the nethod o? t he P
to createnampittol asid sebstitutionsy dghetions cand/qr iB§FHeRS ve dose can be
i | D044 far | | ¥SccufriiOge with a
o025 ficly! fReplh pbodief WraReF nld def Radidcocud
prematiré stopabilon leasnwith prareattreatomeodans deat arguselnla thijpresent

. the 1.CR0 .(i.e.. the. cant '
e PRI e o O PR B s fpnpa i
. embodifieft, Airepsitérzeneld anyudene timt iSuattknominoinmature o eealpea \\O

2007/ 117438 BCT/ US20Q7/ 00826 2 REn;
e e SRS R s A e 1 P o, on
encod MgHHly Tadifdese, tHRagene edding oeniba tugifeegsebthelgegé encoding click
performance |iquid, chromat.ography. [00286 eci.fi:
bectle iR 5T o L D PR A P AR R P e vellow
fluoredhEpAéin{ @RRlcAe SREIMIEreldMoedscemti ot thelpent aicediag cyan
vehicle or various doses of a conpound identified..
fluoreggent profeip, terrene seeasking blug fugregeentpgotgly §1}e: B8 Farading
bcta-gza?atcﬁ{s&ﬁa)éé Ghe g)ene &Bdt Hékarlﬁtuesm&ﬁda@é, the peiid &ttodfngdays
e.g., 28 day), several ot er,rats/sexlgroup co Llnue
beta-lavtamasea thti gansrracodiag shieramphanicad apetyljran igra{semggﬂt e gene
encodﬁrg:ﬂ)@ﬁ%/e ﬁﬁ{swgbs@f ter the period of dosing and other
r se

s rats group are used in toxicokinetic

[00252} Aheapigusndsiuglizeddngheassaxs deseribesblyereingnaybe mepbegs of a
.. days 1 and, 2§ a :

orary St ForpeBies, dn 2hg Spainty e imeddnd B g tom e
combi@eeritl $ibeire df camipolmdsaompaising septieidsirapdor biedigoner

. identified for a .period of ti . 28,
diverigytts syorsgureatoln disaredhep il shf dihopidHy Yapgous
polypepiddrgndssdptidal $dptidomilagtidss olgaradhamates) tpeptidylaosphonates;

~addi t1.onal. recqvery., ri.od.(e.g.,,a,4 ek.re .
peptiqhoRyclely Sarenes gHwbR s ool g g AR Rl oreanic
moleézmél aiﬁraéﬁg.‘i gd axiéged@ﬁ@ £AB6Ein(eat, ghe sanll dagmid matutuRditasrids are

| ] and 24 hr_post dose). 0287] Dose -
libraréasaif psneodiazepines o ARIaneY) Sﬁiﬁi@@‘f‘gn%‘)ﬂ F{?gﬁtﬁlﬁ%zl’t?ﬁf’wg"hd“‘e&
morph8&R YSHpdlifis! O @Rsigshdisieses. Cage-side observations
are perforned tw ce per day and detailed, clinical .
[00253) Sarogreinpymbeditepiathe sempradsare sereeBsditPnly k@ﬁ}‘?e a positive
| B ih@wi th R thel oL dreRedt&d separately. In
p°°l§%§%ﬁ§gﬁaﬂggﬁfE%ﬂ&%@ggggagﬁ%ﬁgﬁgctrocgrdio r aphy dogsy
certaiprembodimeptss themeelisizp et least Zeatdeaghd, adeash 2, a4 dqasti2y, at least

50, a Cfegﬁﬁga{a{ lggééq%t athE4sk 950, o SV LY 1eaStOR bkt 1055t 500

mstry, and urinalysr’s paranefers are
comppualisiat ed at baseline (dogs only) and on the |ast day
[002?14 C,é.{h}g P%Frtgc‘gci F%cg)tv? gn?{hlregagtofg)g lrnlfaﬁmr{%é )exﬁl%gsiéltl ofh pI'(Rﬁn may be
used to measure the expression of functional readthrough protein produced in accordance

with the invention. Non-limiting examples of such methods include immunassays, such as

Western blot, immunoprecipitation followed by sodium dodecyl sulfate polyacrylamide



animals. At the end of treatnment or recovery,

procedures include a conplete gross necropsy
wex@miinass on, renoval and wei ghi ng of organs, BOMUS2007/008268

formalin-fixation of pres#ived tissues for

m croscopi ¢ analysis. Plasma anal yses for conpound

concentrations enploy an HPLC and tandem nass

spectroscopy mnethod, validated for each ani nal

speci es. Nonconpartnental nethods are used to assess

phar macoki netic paraneters. Body wei ghts, food

st SR B DA B BP0 AR £

(enzyRR@l lfn\Heé ﬁnﬁﬁﬂb@dtbﬁﬁtl%s@f) ‘Gandwiths mwhinbassand, immunapeecipitation

performed w th Dunnett t est 00288
assay PERFAPIHBAEACtONS R Hsféf%@ H&&BH"@ s BP%@@‘?EUB‘QB&SWS’

aggluhﬂatlcﬁi%% V28GR p Wi dhtRaH bIDNREY, Qﬂniﬁ@b&ﬁ&né@ﬁ@sidyﬁ, fluorescent
bosonal read?hrou h of a premature stop codon,  but

nmmxmgwamprqtmw emﬁmwp@ew, japd pa SBHPRLRGAISEE aR aRbPRAY that is

specléé)g)nt‘lg% gv\ﬁﬁeﬁﬁ?%em@éf b%@&&xy&%ﬁé?e%t Pgéﬂé@ﬁﬂ%?ﬂ%%ﬁ@& an

e art of deScribed herein can
antibqslyrised aean iromemanssay & spseidicitp ¢he Ctioaingl porﬁlea@f Hieqpgypeptide

used ?ﬁfd‘?‘gﬁ?‘?‘{,&r’%&%&ﬁg Ss&cﬂpdsgayggﬂa Vitide SRIBRUIG 0N 151'113@ Eﬁ%ee eg.,

ense codon suppressor agent used
Ausubgleoalj ads,d 981 Gutrbsgt Brotoenlsiio Motagulay Biodegys Vaki 1 Homs Yiley &

Sons, Jfo ¥R PR NN = BaRa e rerbbaifh bR il enttrery).
Exemiplarf ¢@aiuthanassay $\hiehdestrébedrbriiity besho o |(hatsme uoiZl&EendecRwaay of

.. ﬁt her enbodi ments, the nonsense codon suppressor
limitafiony: ysed in accordance with the invention does not

[0023351 rlehrﬁﬁhobse%lpﬁ%n ﬂrﬁtc&@l’ﬁ%eﬁﬂﬂaﬂylcmc 1y shineg anpapﬂmcm of cells in

suppressor ent S o
oty RERD o APPSR A, B Ak LSER Y R M aconyenotc
0.1%835$. . 15 Bt REC1,VPON SRS phbsshatORSIN T2, Q%j'qh?fhsylol) supplemented

suppressor agent used in accordance with
with preyein phesphatrss apdfor Bxaiease Enhibitprs (¢-gakD b ?Mé&’t gprofipin, sodium

vanac@a(fé X&&X n? vHieeRE6GALEMBe aHhQérPQ)r tHaek1s WsaRdinRibating
gfan}p sitive ncroorganism In a preferred

for a embtatﬂofmmb (e.ghd torfomesse 4@‘6%@@9@ Preisioh apdienprafeias
sepharase%e%ﬁg goa@l%%er%&aé,SI fdr‘%@ogﬂ&nﬂgg’ dr! rﬁor@f&ﬂm C, washing

erse or unwan ects ni st ered
the beadstie ﬂusuabufyer(mdgcswpmdn}g ﬂlﬂcbesdﬂa}r’e%ES/ seywlﬁ euffs| \The gbility of

the alé]tzﬁbo g éllg?nu%oépei%%xgltec a Sgg? ggfapgﬂﬁ enttglﬁ é’deb)‘; dnwcr?stem

oesFRGL, “cause rena ure ar
blot drebysisn Oy Mﬂl@]ﬂm e ayt woﬂdml lcn@v&ﬂmpbhvrmrto the parameters that can

be mASHIEATS S AR iR e e Ra e Bh B dscess the

backdro@nd® (@gepte-clameﬁg ilerceliNpsatedeithdephuncde issads). For further

readt hro r ot ei n encoded
discus S Es G BB B RSOREHUHOER B R 0% & Al ot o, eds, 2003,
Curréft Pr6toB8618 in Molpé2sUBRAbdYY Vol e, Joli WWitks sleSoms) Ined New York at .
herein. In certain enbodi ments t he functi onal

Chapterad® hr ough protein(s) is a functional non-wild-type
[OOZW]OWs&m l’.)fbt BRAGES igen&HINY HbBASS prép@idgeidi® Bahples,

readt h
electrophoresns of the protein samples in a polyacrylamide gel (e.g., 8%- 20% SDS-PAGE
depending on the molecular weight of the antigen), transferring the protein sample from
the polyacrylamide gel to a membrane such as nitrocellulose, PVDF or nylon, blocking the

membrane in blocking solution (e.g. , PBS with 3% BSA or non-fat milk), washing the



protein(s) is a full-length non-wild-type protein. In
ot her enbodi nents, the functional readthrough protein
wo goocanpesed of the sane amino aci d sequence aBCT/KiS2007/008268
corresponding wld-type pt@tein. [002911 The present
i nvention provides a functional readthrough protein(s)
encoded by a nucleic acid sequence conprising a
nmutation (e.g., a deletion, insertion and/or
substitution) that results in a different stop codon
in the RNA transcribed fromthe nucleic acid sequence

membrz{n‘%léfal E’%ﬁ\éﬁ‘é‘gg’b‘%F (¢ }g?%B]%O'F Do ???l’ HidcRinkRe R¥MuzaE Withipeinary

otein.” In certain
antlbod?unc%ﬂ'ﬁ&l wht&m&eécbg'tﬁidsahahntlmdﬂﬂw@dgmbb;c&rgbn(fge}' washing

I
e oS B G ) R iy vy

proteln IS

(which fﬁécéf’l/guszoowrbégg%\gnhgdﬂw pa;g?r&t-humm@bm}'l tounjggated to an
enzymasiesobistraiefe- g+ h@rsggaggsgurﬂeg' 5§ﬁtqr gﬂ( gpgsvﬁéé%aha&s )nor Jadloactwe

molecui Eﬁkg CjiiFg 21 25:}5" R544e85 nl?i)locﬁi?rlgtﬂﬁ'ff?:y gdaaslﬁir% @k n&ankade th Wish

{eic®acid’ Sequence co ation (e.g.,
buffer, and %t@bﬂnﬁg’lthelp’rlsmlm ofitha md,tlgcn sQbe pf siitliin Hhe arhaould be

knowle{d:é;%lg% ?1? %Q‘&gfpgf?fﬁgﬁ al} %e %)CQR ed b ﬁ’x@t%asﬂﬂé si %nal detected

elc aCI sequence relative to
and to F¥@cd MeBkksboand &et&en Fot fugther tltseussmgg@mngpggwcp Pt

t he RNA codln for t Vol.
protocolf §e%ierd), ltl.wé) oFeAly SZ@(%n%eyn%gp B0 indvibYdRGlar Blology, o

'sing contacting a cel
1, JohrPWTIéEI'&'SBES,tlﬁe Ne6l Potk @aCigpeedOence with a nonsense

t. At t |
(00251 ﬁgféeﬁsssq%;gxsggqrppqt%gnqgﬁ Ygéﬁfﬁ%\h W{[E ISLCE v&‘i’lrmfckétﬁer plate

nuclerc aci
with tﬁ;%m o QRARRSLp G REANarftiHRY ¢WhIRh r&@g‘mﬁzes lthe artigehy ponjugated to

t, th t
a detegale ggllrrrlggmgl $qg%cqsragfp§12ym%€%e%ﬁ(ra g(ﬁ %ﬁfﬁ&{g‘h 8er§§ éﬁ%e or
alkaline rpgl%?}?ha%égﬂ& %%lf"aﬂﬁ*’iﬁ@ﬁﬁa@iﬁg(f@r Qﬁen@:l oetigk) and, detectmg the

or substitution result

presendé bf ereemtigen.on EbHohs the anﬁboci;mf ey é‘PP%’é%‘ElTarVS 19 Phe

conjugiiibi S siidiifle bBmbBp AR BI, éts];@%brtﬂoc?lﬁigog% gflé}c?tgﬁ?gsgp the

prxmaw Arlibbyt pecomi wgatddio, a détectaltle somporrday deggded to the w
Furthqgelélatefui 8? [ nx%gr\fﬁg PeE ﬁuvpiﬂ? ffe anglgéﬁ ftﬁtft Qll?cliﬁ/ocﬁ rﬁ&'ffﬁ@ todtéd to the

ective ano a nonsense codon 4
well. SHERE 68804 secogdahtibody anjugatiahtoe: ditediaklp sgmpound may be adde

fOllOerlgE g:l?gz}rﬁrled?tgél ‘b‘it tplg ggtggc%ne 8teré)sg9 thie HOR{e8 IV @H@ Bt sKiB dslthe art

on to a second stop
oulcpséiﬁibwl@dg&aewmotthepémmtamﬂm carr eamioHifisdgh ipsreassithe signal

00293] In a speci.fic Nlon e
detecﬁ[eﬁ e N‘telltﬁ% Oﬂ?eés aﬂélgoﬁ?ﬁ%%%g% Srod E}Eiﬁ %glrta%gf Eunrt:htelr disgpssion
regar&{%%@ms&y gke, RI]! Risubeneadasisp3008, JameasProtammy insMatpealar
noRsense nutation in the I§Od| region of the
Biologen¥els }; JatReVHEY Hotent: Dntactlng a cell
[0025%8 %%Bhyﬂ)rtdlaﬁ‘ectlﬁg RR{ £ekiv YQKUF a@ﬁﬂfiﬁﬁh&ﬁdﬂm@i@l protein encoded by
ppressor agent. In anot

er e di men; rese
o reporTsgigate oPBROPE ETHYA GRSauAn LU P L ERELT el s
Assayset%gJ HY R0 LR BefAGRERLIIRN0AN to one of skill in the art. For

example, luciferase, beta-galactosidase (“beta-gal”), beta-glucoronidase (“GUS”), beta-

lactamase, chloramphenicol acetyltransferase (“CAT™), and alkaline phosphatase (“AP”)
are enzymes that can be analyzed in the presence of a substrate and could be amenable to

high throughput screening. For example, the reaction products of luciferase, beta-



gene(s) conprising a nonsense nutation in the coding
regi on of the gene(s), the nethods conprising
wadwni®seri ng to a subject (preferably, a hunpeld/us1w07/008268

need thereof an effective 1®8nount of a nonsense codon
suppressor agent. In certain enbodi nents, the subject

has, or is predisposed or susceptible to a disease
associated with a nonsense nutation in the gene(s).
[00294] In certain enbodinents, the functiona

readt hrough protein(s) produced in accordance with

h d ' f h :
galaciogats (Ao )<aid alkfike PRoEhdiEie RO e A e BV reppuees in
light 1&5&&1@% (.2 Sluf:i‘fékaﬁja) SREUBYRABInetrid dbs6ahéd (2. £nbagdigabnos,

uncti onal readthrough pr.otein

fluoresernce £p&n difl g ASIE-T0y pRanges ikl I&hté%“épwtoftmafq’aﬂcﬁ rpgd/or
ﬂuore}U&fc@%?e 9{511& 8a @Jl for Hiph SirB&EnHRABGEENRAL For é)f&hv%e beta-gal

unctiona rea hrough protern(s) is found at comrrns
activiRoeHry lxlmmrerdowmmwm@s zemler.oOseen fijoressetprotein (“GFPY)

acthIIbpr?)t l&eoxﬁeésﬂfé'ﬁ l?f!:l{alnggéfh A6 SRhES SPAELAPIMiA @het ¢4BE of mutant

specli f1 ¢ enbodi nent ) .
GFPsfthncﬂuanmb at 43I stagdardfbroetsa¢rse gstivelgd edll swtmg (“FACS”)

equlp?rgec \c'intf)gcﬂag&g c %B%’ﬁ%ﬁ ugt,n"d'ﬁ) danggtion i-s found

SRR t he correspondi ng
[00238i] I'ﬂaetfpﬂ@whrgadesmbes& émxfdx exant;ﬂ@of:ay tapbasschroportar gehe assay: A
f the . er 0d] t
reporFSp LIS R PBLBH ot B R E APt E of ghd el of
transjatién Eéiﬂﬂﬁ@ugﬂ bdsed ba luﬁﬁrhsedI&e«hﬁteﬁl’chembhmMBWences Celin@.g.,

opl,asm or n t ur f ace, of whi |
HEK 23 oo oraruepdn BR AT 8 BFARom B0 B EURGns N PRgFBS) ar
stably'HEhFblsted Wt th@N@hhmbﬂEhrDﬁreﬁllyﬂﬁhE&ﬂﬂi gené eaftabiing gfpremature

protein(s) in/fon a_cel]( can be neasured/ determ n
termigatiorycqdontih pRRS 2% eeﬁtwtld%n@ Blece Rf the thisorthg CQH]?H ?‘?‘Wmsme'

cy’udﬁae%%?i‘é‘I-‘xbécxhé:?1 ¥Ry gréRnt HGALS sIt@t éa@H o‘i’fthef 31p6dsiviBabnsense
readt hrough protein(s) in/on a ce

codopeditielAdatasiifiAd en%yaqfh?ﬁfhemmwbke&ﬁ@ﬁdeq (- ddr Gt the
com&m@lgeg&tehﬁm &ms&e% it RN Wit IR HoREGRe RbASIPSR!

measur e ete m ne |l ocalization of a
introduged thiycitetdirected trhutagertesisr dtigura ((providenn dipgrasn of ghe seyeral types

of IU(%CI' l SC [%kﬁ]&sqﬁgﬁ%?%sm& &eg% l'f(ﬁ'algts \5&&3\1@ U&ﬁé)ﬂtxjaﬁons ofa

injars ar e Wi th prenm unme nouse
compmhd wif irgerest, peositise obntrolfe. g(.ezentamiir), eramﬁgegye cantral (e.g.,

el e L SSEAS Pl SRRSO Rl W o

lumlﬂ%st:éhcﬁqxwdtd:aﬂ ys dménnlimelg( aftéappaoyieratedyl fafr hourse. Ll.ﬁmnescence is

sl Sh STt e B By SR P e

data 18 for@ah26ED tﬁﬁd)rbmﬂﬂayasfoﬁvenc alpht aad the fold suppessionfivab
Sectrumsftvvare E‘?f{almn is classified/scored as
bac}‘%’(?}lnﬁb%% at?‘i)as FRmPAYRY tighynits S?’k Cljghtinisher al , and (3)

[00260] In control cells (treated with solvent only), translation of the luciferase gene is

interrupted by the presence of the premature stop codon in the luciferase mRNA, and a
truncated, non-functional luciferase protein is produced that cannot effectively catalyze the
chemoluminescence reaction. However, in the presence of compounds that are able to
induce ribosomal readthrough of the premature termination codon, full-length luciferase
protein is produced, and the corresponding luminescence relative to control can be

quantified.



surface. 8. Images are captured, e.g. on an 4 ynpyus
| X170 inverted epifluorescence m croscope equi pped
wowao/1st4ep notor, filter wheel assenbly (Ludl PCT/US2007/008268
El ectroni cs Products, Hawm®orne, NY), and 83, 000
filter set (Chroma Technol ogy, Brattleboro, VT) and
SenSys- cool ed charge-coupl ed hi gh-resol ution canera
(Photonetrics, Tucson, Az). 9. Partial deconvol ution
of images is perfornmed, e.g., using | PLab software
(Scanal ytics, Fairfax, VA). [002951 In a specific
ooz SFRSRAR ey aghiane b spareaspiay ‘S%’W‘@"e ey 2
ith a+1A)is
. lucxferab@ﬂﬂITﬂAdiarboslrg o prawaiuon ORGSR B BRRFCT %fé"“ﬁ}( gy

prepared éxégfgmlsb&g g‘o 1i o?q 1%%? T7?}§mfow?‘ﬁtah§ﬁ}ﬁ4tm%ﬁAmbxon, Austin,

ound perinucl ear Hel.
TX). TREmRNerislihcnbated vith anytopseiie ¢xitast prepaeed from sells (g, Hela

cells) t}g;f‘ gcsallljtra}eq%gﬁe.ftgfer{egagg 39'5% g[gﬁ?&llﬁxoﬁﬁtorgﬂ arP férifarRlation. Various

na preferred enbodi nent
concenﬁgﬁoﬁsucﬁfat doRiund GF TiReres dtplositivg Isopirolt (dien ajcommeuRd voth

e surface of_  nasal cells as S
sk RS SVICBF erEEH B TP SRR e
DMSOXr \I'é{E‘S? hinAledoliRe in ea ﬁbemxgh apd dteeamoum of heminescence

perincd

producedi jst@'@;gr @5 eralﬁgg)exrl al te,?yhgll‘xg{ﬂ rsg.gﬂfnﬁic Esckfice is determined using a
PEANEE1MEO IS, FiNehdO Gﬂrﬂﬁﬁ%ﬁce data is normalized

VICWLB%QJS B8 e 500 1 Nasal cells are re Mg %t &fculated

to that pidduceBBy selvgnt alenagnd the £91d; SYPPISSTIPH, O RACKEF

as comt%ESn I OCk?&l\é%fthng’r ei mmune nouse serum for a per i od of

ute 3. Th
[00262] exr@ommwemcmmmedwaﬁﬁ sl il Sealan Sidby Bipfegse mRNA

is 1ntelagp1t%! %a %Fén%a T e prénﬁmrg Qto?fdlj)?lgré ?}H g{ell{iélféreﬁghRNA and tah
truncafed] h@d-ﬁ!ﬂ‘fctibh@iﬂu@&rgse prptmn fsm;péyced;phatg v §ﬁ%&y e the
chemcf&&%xﬁ%a%pg% geabnon @gwevg Elbﬁ{% e PQ@BP&&%&&& Ql‘}.ﬁ%?@ibde to

anti - no Al exaFl uor 596,
induced\PbSoHla keddi@begh ok tpra@nature @'mg'@n))n fodory fpldength Lyciferase

proteufpl;qrzrgroép%ﬁ%n qug&%ézggr%é&qrgh% fé\lm %ce eerela‘#.i%g b Ebﬁijolk&in be

quantx‘ﬁ‘éﬁf Q\C@ém}f)&ﬁﬂrtﬁﬁqg Ablertb Gidire (m@produdlom@@@l lgngh luciferase
captured with, e.

trum,so
proteigtimp ﬁmlasyl% P’ﬂga:ﬁ fl}aégpng%qté:% madn ?bslel 1&5%’{e§ ﬂz %;hé-;io-ﬂgz?se ¢
lof thedorSdundnReats, at t]ﬂaﬂldvél&jfttamslhacm rather than that o
readthg%\é%?#ﬁﬁvﬁg%gél r?ent at least 50 epithelial cells from
transcrigtidom ar eas of each slide are eval uated and scored.
[0026§L 'Ilggﬁ'g)géergé ?1113@%35{: alivif: &F a codipdmd@ayi ibpesalxEdln cells from a
i hv

epi orescence
subject or animal model comprising a gene with a nonsense mutation relevant to a human

disease, such as, e.g., cells from mdx mice. The mdx mice have a nonsense mutation in
exon 23 of the dystrophin gene that generates a premature UAA (+1A) stop codon in
dystrophin mRNA (Sicinski et al., Science 244: 1578-1580 (1989)) and results in nearly
complete loss of full-length protein production.

[00264] The following describes a specific example of a reporter gene assay using cells
from an animal model comprising a gene with a nonsense mutation relevant to a human
disease: Primary myoblasts are derived from 1-day-old neonatal mdx mice using

established methods (Neville et al. (eds), Methods in Cell Biology, volume 52, pages 85-



m croscope equi pped with step notor, filter wheel

assenbly (Ludl Electronics Products, Hawthorne, NY),
ware78874800 filter set (Chroma Technol ogy, BrartT/@bmon)0s8268

VT) and SenSys-cool ed chatge- coupl ed hi gh-resol ution

canera (Photonetrics, Tucson, AZ). 9. Parti al

deconvol ution of images is perforned, e.g., using

| PLab software (Scanalytics, Fairfax, VA). [002961 In

certain enbodi ments, the functional readthrough

protein(s) produced in accordance with the nethods of

t he..i nventi.on. ogl Ibker.s the . espengi VA(4):
116, S5 Pieety gradpist ey (oS8 af BeBthinAE BHACIPONA Moest, 104(4):
375-38 UAISHOPN A fidreaititienoe ghplpstint disissgellshae aliaged fordiflerantiate into

t the position encoded by.the prematuye..term nati .
myonuBsyberben-<5pHErnE SO AANPLCh § RO ihEre: 074 pBllave
control § .,tilwﬁgdsmmﬁtﬁ nBhshsPEeaiducagpiessiag eciday) deaddedh Medium

nmet hods of the invention differs fromth

and cozepquad FEn ERReRIshad EYERRIhGT Gavemd ssils afs 3586 ed, fordysiraphip and
myosiﬂ%'gqn{n%ﬁ{dhh%régaeﬁ&%fm-%&é.onaé_pemaédﬁégaﬁug n® pesitive ésntrols
that was inserted at the position encoded by th
comprmedma@dtmdaw&ﬁyr@o_%ﬂ?lémm(SPipfﬂ%&ry Fpssle ngéﬁ‘ér d he
degreeg) ?ﬁéet?iﬂﬁ%i%a? .Jﬁ%eésgﬁ ugi'ﬂg GLi-onab_ LgagidhrPugiiqRaitiv schle. A

se encoded by a premature termnation .
compawdaf, infedéx? St hFhnonsaisecsuapredsing gadyieewdl resplé in the production

functi onal r.eadt hrough protein(s) produced by the
Offunﬁk?f’ﬁ%‘od)s%f)p{"%é i nvention may be deternined by

[00265F urearimab middel gysEthrecorplisipg egigoe tiavipg amopsdrise mutation relevant
conpr.ising a nuclejc aci.d seque of i ' :
o o R By B L 2R SEAAPEE s SEac bfi or
comp&!&wlldlaiﬁbﬁﬂﬂﬁéd ixlﬂeli repDiter &Shy. . Fdnﬁexaﬁmi?iﬂne Borsesen@dog suppressor
. .ce nat ur onprises t nucl ei i.d _sequenc
st ool BT PP IR R 0.
InternB8bh8 Hublibaton No! Wa® 2804700 10’1 O\iwhiichlig ifi@eporateddyareference in its

"~ nonsense codon suppressor agent(s). . ln other
entireByoroRthenhexamplego lq‘lahrégd%éé(ﬁteéﬁgf’h]é‘é‘%‘bldissasgfmpri se

' Indle: 06 Gre Mfehiafldertd & ¢4 d of interest,
mﬂ%&ﬁ?%@%ﬁ?f&%@? 1§' %g%}gﬁ[ 002698] lI n certai %%gun%o,gj i enrteS )

positiv eoritzrldt- p.oA&PmPetE HHBIRGRSENSE CAOR SIPPEFSIGASH VIR oF & negative
contr@f}r&gré,‘i%ﬂ?c‘fe &fo%xlé‘) #78 JERbASES tﬂflzloﬁlvl%}& wRBkE OANIhiR8 Sréfed with

ine, cysteine or trptophan at the position that .
Peptanen@eispmitsiiquid ehenental skt Nestlt Serum G actiify wapsssessed using a

whi.ch the. prot.eifyl f | . .
comniegrialy enrebie Nl s B i RRAC Chbfaicals Limited
Oxfoid;, e Blobd foraenmn deeative kinase (CI6) meadvoeinents is ¢ndlected at different
. i pvepntion gonprises a tyrosine. at POSkT | i
meri B2 R AR A8 PR et o
evalubife@BuMIIGID 1dviats. Tibiatit Anfesior (TANmuatlesiand extensoedigitorum longus

enbodj ments, th ungti onal readt hrpou pr ot ei
(DL T IBans g P HAORTR PRARES b gt 265 tapiely Hozen for
immundYi8BfdseéhceUMBIYsBRT derstedisHiR irfversuratidry intgp kipiatedtmbdotes. The

position that corresponds to a UGA nondsense cboldoq i n .

tibility to eccentric

EDLg #1& utitiged formiuppiens! fa5ts. prchiding,strength and suscep

contraction injury.

[00267]} The primary antibody for dystrophin is a commercially available rabbit
polyclonal antibody generated against a synthetic peptide corresponding to a sequence
near the carboxyl-terminus of human dystrophin (Abcam 15277). This antibody cross-

reacts with mouse dystrophin. The epitope is located further downstream (more toward



transl ated. [00299] Table 10 bel ow provides a list of

di seases associated with a nonsense nutation in a
w@ene(isi3s The tabl e provides the nane of the geREIEUS2007/008268

associated with the diseas#®#6 the GenBank Accession

No. of the nucleic acid of at |east the coding region

of the gene, the GenBank Accession No. of the protein

encoded by the gene, representative nonsense

nmut ati ons found in the gene that are associated with

the disease, and a reference(s) regarding the disease

associ ati on th the onsens tatjon.in e,
the cafbgryieri IR S s g P rfltGee 48
coded Qkeh 23R! ﬁ?ﬂrdpﬁlrﬁg&@ﬁﬂl ancndhidusé. thagmtai'@dspm&d usmg a
e invention conprises the am no aci ence of,

digitalspmess pesartied o #h icaLiluoygsecTy s UPRCAPE R g propqed it iftage-

analys?soﬂﬁqvl/ﬁg of the amno acid residue identified in Table
ere a nonsense nutation in the gene

[00268}s kvtited wiold-miusele gresbaries aFpeHoEBPY AR @é)lwrpf’qﬁclﬁﬁ (igeluding both
EDL Sﬂ?éf%h ﬁﬁmafs%xﬂ@ ch ﬁﬁt% Q‘dﬁoﬁé c&hé“ae ReRle) LaRg b

am no aCI resi

apparatos desgreddion thispluposs W@Ylﬁ ehﬁd RNA% IWS‘% RE(%D: 13693-
1 56070(:@5%)3; gp%(rfrxlﬁg(}’f\)ﬁ% %&grfg%edb‘%‘ﬁmn (;ng'ss-gegfxoﬁﬁf mh of tHerEDLs is

rome he functional readthrough
analyzadotRebtectionl bgalnﬂmmnhaseahnm induced by acedies of  eedentric

contra,g&qym%gﬂ% B‘%g g?o‘%ﬁ%yﬁ ai Peng&m“i% %6a%%ag9%ﬁ%é gteﬁnined as

the petenbhgs 1880inGosse between' thé?ﬂrstmnd lasCeccentiic @@ttattidn. co N
RS AN W N AT ST T
kinetit %ssay (Diagnostic Chemicals Ltd., Oxford, CT).

[00270] The mdx mice treated with a compound with nonsense codon suppressing activity

will demonstrate appreciable staining of dystrophin compared to muscles from untreated
mdx mice. The mdx mice treated with a compound with nonsense codon suppressing
activity will also have improved mean EDL specific force relative to the mean EDL force
of untreated mdx mice or vehicle control-treated mdx mice. The mdx mice treated with a
compound with nonsense codon suppressing activity will also protect against eccentric
concentration injury. Further, the mdx mice treated with a compound with nonsense
codon suppressing activity will bave reduced serum CK relative to untreated mdx mice or
vehicle control-treated mdx mice.

[00271] In another specific example: To evaluate the effect of a compound of interest on
nonsense codon suppression, cfir-/- FABP-hCFTR-G542X mice are treated for a week or
more with the compound, a negative control, or a positive control. The negative control
group comprises untreated cftr-/- FABP-hCFTR-G542X mice. A positive control group
comprises ¢ftr-/- FABP-hCFTR-G542X mice that receive a compound known to have
nonsense codon suppressing activity. CFTR-specific immunofluorescent staining is done
on duodenal sections to demonstrate production of CFTR. The functional effects of the
compound of interest on CFTR-mediated transepithelial chloride currents can also be
assessed. A compound with nonsense codon suppressing activity will result in positive for

CFTR immunoflurorescent staining localized to the apical region of the epithelium of the
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sub-mucosal glands of the duodenum. Also, a compound with nonsense mutation
suppressing activity will result in a strong increase in transepthelial chloride current
following the addition of forskolin to increase cyclic adenosine monophosphate (cAMP).
[00272] Once a compound that suppresses premature translation termination and/or
nonsense-mediated mRNA decay is identified, the structure of the compound may be
determined utilizing well-known techniques or by referring to a predetermined code. For
example, the structure of the compound may be determined by mass spectroscopy, NMR,
vibrational spectroscopy, or X-ray crystallography.

[00273] To evaluate whether a portion of the effect of a compound on reporter assay
described herein is mediated through changes in reporter gene mRNA levels, a real-time
reverse transcription PCR assay is employed (Bustin, J. Mol. Endocrinol. 25(2): 169-193
(2000)). Cells (e.g., HEK 293 cells) grown in medium (e.g., medium containing FBS) are
treated with a high concentration of the compound of interest for 48 hours. The
experiment also includes negative control cells (treated with solvent alone) and positive
control cells (treated with a compound previously shown to stabilize nonsense-mutation-
containing mRNAs). Total RNA is extrécted from cell lysates. Quantitative real-time
PCR is performed using primers for the reporter gene mRNA and for 188 ribosomal RNA
(fRNA). The levels of the reporter gene mRNA for treated cells relative to control cells
are computed, employing the measurement of 18S rRNA as a normalization factor for the
amount of starting material.

[00274] Chemical footprinting may be used to map sites of interaction of a compound of
interest with rIRNA. In these experiments, ribosomes prepared from cells (e.g., HeLa
cells) are incubated with vehicle controls or the compound of interest and then treated with
2 chemical modifying agents (either dimethyl sulfate or kethoxal) that alter the structure of
rRNA. Following the chemical modification reaction, rRNA is isolated, and primer
extension analysis is performed using end-labeled oligonucleotides that hybridize to
different regions of the human 288S, 18S, and 5.8S rRNAs. The products of the primer
extension are resolved on 6% polyacrylamide gels. Accessibility of the rRNA to chemical
modification by dimethyl sulfate or kethoxal is visualized as the appearance,
disappearance, or change in intensity of bands on the gel; any of these events is considered
indicative of a potential effect of the compound at specific regions on the rRNA. The

appearance of a band on the gel is consistent with newly induced accessibility to the
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chemical modifying agent (e.g., as a result of compound interactions that caused
conformational changes within the rRNA). Conversely, the disappearance of a band is
consistent with newly induced inaccessibility of the chemical modifying agent (e.g.,
resulting from protection of a site due to compound binding or alterations in base-pairing
within the rRNA). '

[00275] The specificity of a compound of interest for its ability to induce specific
ribosomal readthrough of a premature stop codon, and its inability to induce nonspecific
ribosomal readthrough of a normal stop codon can be evaluated in vitro. For example, a
luciferase reporter may be linked to an additional protein (e.g., the CD40 protein). CD40
is a cell surface receptor expressed by B-lymphocytes and other immune cells; its mRNA
offers convenient 3'-UTR sequences and the protein is an appropriate size for Western
blotting detection of potential protein elongation.

[00276] In this assay, cells (e.g., HEK 293 cells) grown in medium (e.g., medium
containing fetal bovine serum (FBS)) are stably transfected with a gene encoding a
luciferase-CD40 fusion protein. In place of the threonine codon (ACA) normally present
at position 190 of luciferase, a UGA nonsense codon is introduced by site-directed
mutagenesis. In addition, the 3'-UTR of the CD40 protein is introduced downstream of
the luciferase UAA termination codon. For each construct, 6 histidine amino acids (6X-
His) are included at the 5' end of the luciferase gene to facilitate purification of the
proteins of interest from the cell lysates. In addition, an Xpress™ epitope tag is included
to permit isolation of the proteins of interest at the time of Western blot analysis.

[00277] The features of the mRNA transcribed from these constructs and the expected
outcomes with various conditions and assumptions are depicted in Figure 2. In untreated
cells, only the truncated luciferase protein should be observed (Figure 2A). In cells treated
with a compound with nonsense suppressor activity that has specific readthrough of the
normal stop codon, both the truncated and the full-length luciferase protein should be
made (Figure 2B). If, however, a compound has the capacity to induce nonspecific
ribosomal readthrough of the normal stop codon, then readthrough of both the inserted
premature stop codon at position 190 and of the normal stop codon at the end of the
luciferase ORF would be expected. This would result in elongation of the luciferase
protein by the 84 amino acids encoded by the CD30 3'-UTR, and a 9-kD increase in
molecular weight (from 66 kD to 75 kD) would be detected by Western blotting. If this
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occurred, the molecular weight of the construct would be increased and all 3 proteins
(truncated, luciferase, and luciferase-CD40) would be produced (Figure 2C). Further
constructs are made as markers. The negative control construct encodes only the full
length luciferase mRNA (Figure 2D). The negative control construction encodes only the
full length luciferase mRNA (Figure 2D). The positive control construct encodes the
elongated luciferase-CD40 mRNA and is created by engineering a sense (nonstop)
mutation (CAA) at the end of the luciferase ORF (Figure 2E).

[00278] Celis are treated with a compound of interest for a period of time (e.g., 72 hours)
and then cell lysates are made. Cell lysates are mixed with rhagnetic nickel-charged
agarose beads designed to capture the 6X-His-tagged proteins. Following the protein-
capture step, the proteins are separated on a 12.5% polyacrylamide gel and Western blot
analysis is performed using an anti-Xpress antibody.

[00279] A more general but less sensitive and specific approach to the theoretical problem
of nonspecific stop codon readthrough may be performed using 2-dimensional gel
electrophoresis (O’Farrell, J. Biol. Chem. 250(10):4007-421 (1975)). A compound that
induces ribosomal readthrough of normal stop codons might cause abnormally elongated
proteins, with consequent shifts in electrophoretic mobility patterns due to increases in
molecular weight and/or changes in electric charge. In one example of such an assay,
duplicate samples of cells (e.g., HEK 293 cells) harboring a UGA (+1A) stop codon at the
190 amino acid position of the luciferase-reporter are treated with a compound of interest
or with vehicle for a period of time (e.g., 48 hours). Aliquots of cells are assayed to
ensure evidence of compound-induced ribosomal readthrough of luciferase in the standard
cell-based reporter assay. 2-dimensional electrophoresis and computerized analysis using
Phoretix software are then performed.

[00280] A more specific experiment to address the potential for nonspecific stop codon
readthrough in an animal disease model may be undertaken by assessing a compound’s
action on translation of a single abundant mRNA in vivo. For example, mdx mice are
treated daily for a period of time (e.g., 28 days) with a compound of interest, a positive
control, or vehicle, after which muscle tissue is collected from individual animals. Muscle
from an untreated wild-type C57/B10 mouse is also analyzed. Itis also known that the
mRNA for B-tubulin (an abundant protein in mouse muscle) has a UAA (+1A) termination

codon at the end of the ORF and a second in-frame UAA (+1A) stop codon downstream in
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its 3'-UTR. Between these 2 stop codons is an intervening sequence of 126 nucleotides
that, theoretically, could code for a 42-amino-acid extension of the mouse B-tubulin
protein. Figure 3 provides a schematic of the B-tubulin mRNA. If compound of interest
has the capacity to induce nonspecific ribosomal readthrough of stop codons, it would be
expected that the B-tubulin protein would be increased in size by >42 amino acids (~5 kD)
and that this change would be detectable by Western blotting.

[00281] The specificity of a nonsense codon suppressor agent for its ability to induce
specific ribosomal readthrough of a premature stop codon, and its inability to induce
nonspecific readthrough of a normal stop codon can be evaluated in biological samples
from subjects (in particular, humans) administered the nonsense codon suppressor agent.
For example, blood samples may be obtained from nonsense codon suppressor agent-
treated subjects (e.g., humans) just before dosing and at various time points (e.g., 2, 4, 6,
8, 12,24, 48 and 72 hours) following dosing. The blood samples or samples derived from
blood samples (e.g., PBMCs and plasma obtained from the subjects may be pooled before
analysis. For example, blood samples or samples derived from the blood samples from
subjects of the same sex from the same time point may be pooled before analysis.
Alternatively, the blood sample or sample derived from the blood sample from each
subject may be analyzed individually.

[00282] Peripheral blood mononuclear cells (PBMCs) and plasma are separated, and
optionally, may be frozen and stored before use. The PBMCs and plasma are loaded onto
polyacrylamide gels optimized to obtain maximal separation between elongated
readthrough protein products, subject to electrophoresis, and transferred to nitrocellulose
membranes (or other appropriate membranes, e.g., nylon membranes) for immunoblotting.
Proteins, such as C-reactive protein (CRP), B, microglobulin and cystatin C, may be
evaluated for nonspecific readthrough of normal stop codons. As controls, wild-type and
corresponding elongated proteins may be used. Immunoblotting may be performed using
a primary antibody specific for the protein evaluated and a secondary antibody specific for
the primary antibody comprising horseradish-peroxidase conjugates.

[00283] The subjects administered the nonsense codon suppressor agent may include
subjects known to have a gene comprising a nonsense mutation and in those cases, the
production of functional readthrough protein encoded by the gene maybe used as a

positive control for specific readthrough of nonsense codons. The subjects administered
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the nonsense codon suppressor agent may also include subjects not known to have a gene
comprising a nonsense mutation. In those cases, the plasma from subjects treated with the
nonsense codon suppressor agent may be added to media of cells (e.g., HEK 293 cells)
stably transfected with a reporter gene containing a premature stop codon (e.g., a firefly
luciferase reporter gene containing a UGA premature stop codon at amino acid residue
190), or incubated with a cell extract and a reporter gene containing a premature stop
codon. The treated cells, or the treated cell extracted can be assayed for readthrough of
the premature.stop codon as a positive control.

[00284] The toxicity and/or efficacy of a compound identified in accordance with the
invention can be determined by standard pharmaceutical procedures in cell cultures or
experimental animals, e.g., for determining the LD50 (the dose lethal to 50% of the
population) and the ED50 (the dose therapeutically effective in 50% of the pdpulation).
Cells and cell lines that can be used to assess the cytotoxicity of a compound identified in
accordance with the invention include, but are not limited to, peripheral blood
mononuclear cells (PBMCs), Caco-2 cells, and Huh7 cells. The dose ratio between toxic
and therapeutic effects is the therapeutic index and it can be expressed as the ratio
LDS0/ED50. A compound identified in accordance with the invention that exhibits large
therapeutic indices is preferred. While a compound identified in accordance with the
invention that exhibits toxic side effects may be used, care should be taken to design a
delivery system that targets such agents to the site of affected tissue in order to minimize
potential damage to uninfected cells and, thereby, reduce side effects.

[00285] The data obtained from the cell culture assays and animal studies can be used in
formulating a range of dosage of a compound identified in accordance with the invention
for use in humans. The dosage of such agents lies preferably within a range of circulating
concentrations that include the ED50 with little or no toxicity. The dosage may vary
within this range depending upon the dosage form employed and the route of
administration utilized. For any agent used in the method of the invention, the
therapeutically effective dose can be estimated initially from cell culture assays. A dose
may be formulated in animal models to achieve a circulating plasma concentration range
that includes the IC50 (i.e., the concentration of the compound that achieves a half-

maximal inhibition of symptoms) as determined in cell culture. Such information can be
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used to more accurately determine useful doses in humans. Levels in plasma may be
measured, for example, by high performance liquid chromatography.

[00286] Specific examples of toxicology assays include the following:

Male and female Sprague-Dawley rats are administered vehicle or various doses of
a compound identified daily for a period of time (e.g., 28 days). Several rats/sex/group
are terminated after a period of days (e.g., 28 day), several other rats/sex/group continue
on an additional recovery period (e.g., a 4 week recovery period) after the period of dosing.
and other rats rats/sex/group are used in toxicokinetic evaluations on so many hours and
days postdose (e.g., days 1 and 28 at 0.5, 1.5, 4, 8, 12, and 24 hr postdose).

Male and female beagle dogs are administered vehicle or various doses of a
compound identified for a period of time (e.g., 28 days). Several dogs/sex/group are
terminated after the dosing period. Other dogs/sex/group continue an additional recovery
period (e.g., a 4 week recovery period) and for toxicokinetics, samples are collected hours
and déys postdose (e.g., on days 1 and 28 at 1, 2, 4, 8, 12, 16, and 24 hr postdose).

[00287] Dose analysis is performed by HPLC to verify that animals received the intended
doses. Cage-side observations are performed twice per day and detailed clinical
observations and body weights are recorded weekly. Food consumption for the treatment
duration is measured. Ophthalmoscopy and electrocardiography (dogs only) is performed
pretreatment and on the last day of the treatment period. Hematology, coagulation,
clinical chemistry, and urinalysis parameters are evaluated at baseline (dogs only) and on
the last day of the treatment period (all animals) and at of the recovery period for recovery
animals. At the end of treatment or recovery, procedures include a complete gross
necropsy examination, removal and weighing of organs, and formalin-fixation of
preserved tissues for microscopic analysis. Plasma analyses for compound concentrations
employ an HPLC and tandem mass spectroscopy method, validated for each animal
species. Noncompartmental methods are used to assess pharmacokinetic parameters.
Body weights, food consumption, clinical pathology, and organ weights are analyzed with
1-way analysis of variance (ANOVA) and pairwise comparisons of each dose with control
are performed with Dunnett's test.

[00288] In a preferred embodimént, the nonsense codon suppressor agent used in
accordance with the invention induces specific ribosomal readthrough of a premature stop

codon, but does not induce nonspecific readthrough of a normal stop codon. Any assay
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known in the art or described herein can be performed to evaluate specific ribosomal
readthrough of a premature stop codon by a compound of interest.

[00289] A nonsense codon suppressor agent used in accordance with the invention may
interact with 28S rRNA, 18S rRNA and/or 5.8S rRNA. In certain embodiments, the
nonsense codon suppressor agent used in accordance with the invention binds to 28S
fRNA. In other embodiments, the nonsense codon suppressor agent used in accordance
with the invention does not bind to 18S rRNA. In some embodiments, the nonsense codon
suppressor agent binds indirectly to tRNA through an interaction with another protein. In
certain other embodiments, the nonsense codon suppressor agent used in accordance with
the invention does not exhibit significant antibacterial activity against a gram-negative
microorganism and/or a gram-positive microorganism. In a preferred embodiment, the
nonsense codon suppressor agent used in accordance with the invention has few (if any)
adverse or unwanted side effects when administered systemically (e.g. orally) to subject
(preferably, a human). In a specific embodiment, the noﬁsense codon suppressor agent
does not, cause renal failure and/or hearing problems (e.g., hearing loss) when

administered orally to a subject (preferably, a human).

5.5 FUNCTIONAL READTHROUGH PROTEINS
[00290] The present invention provides a functional readthrough protein(s) encoded by a

nucleic acid sequence comprising nonsense mutation, which protein(s) is produced by the
methods described herein. In certain embodiments, the functional readthrough protein(s) '
is a functional non-wild-type protein. In specific embodiments, the functional readthrough
protein(s) is a full-length non-wild-type protein. In other embodiments, the functional
readthrough protein is composed of the same amino acid sequence as the corresponding
wild-type protein.

[00291] The present invention provides a functional readthrough protein(s) encoded by a
nucleic acid sequence comprising a mutation (e.g., a deletion, insertion and/or
substitution) that results in a different stop codon in the RNA transcribed from the nucleic
acid sequence relative to the stop codon found in the RNA coding for the corresponding
wild-type protein. In certain embodiments, the functional readthrough protein(s) is
functional non-wild-type protein. In specific embodiments, the functional readthrough

-protein is a full-length non-wild-type protein.
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[00292] In a specific embodiment, the present invention provides methods of producing a
functional readthrough protein encoded by a nucleic acid sequence comprising a mutation
(e.g., a deletion, insertion and/or substitution) that results in a different stop codon in the
RNA transcribed from the nucleic acid sequence relative to the normal stop codon (i.e., the
stop codon found in the RNA coding for the corresponding wild-type protein), the
methods comprising contacting a cell comprising the nucleic acid sequence with a
nonsense suppressor agent. Alternatively, the methods comprise contacting a cell-free
extract with the nucleic acid and a nonsense codon suppressor agent. In another
embodiment, the present invention provides methods of producing a functional
readthrough protein encoded by a gene comprising a mutation (e.g., a deletion, insertion
and/or substitution) that results in a different stop codon in the RNA transcribed from the
gene relative to the normal stop codon (i.e., the stop codon found in the RNA coding for
the corresponding wild-type protein), the methods comprising administering to a subject
(preferably a human) in need thereof an effective amount of a nonsense codon suppressor
agent. In accordance with these embodiments, the nonsense codon suppressor agent reads
through the different stop codon to a second stop codon to produce the functional
readthrough protein.

[00293] In a specific embodiment, the present invention provides methods of producing a
functional readthrough protein encoded by a gene(s) comprising a nonsense mutation in
the coding region of the gene(s), the methods comprising contacting a cell containing the
gene(s) with a nonsense codon suppressor agent. In another embodiment, the present
invention provides methods of producing a functional readthrough protein encoded by a
gene(s) comprising a nonsense mutation in the coding region of the gene(s), the methods
comprising administering to a subject (preferably, a human) in need thereof an effective
amount of a nonsense codon suppressor agent. In certain embodiments, the subject has, or
is predisposed or susceptible to a disease associated with a nonsense mutation in the
gene(s).

[00294] In certain embodiments, the functional readthrough protein(s) produced in
accordance with the methods of the invention is found at the same location in a cell that
the corresponding wild-type protein is found. For example, in certain embodiments, the
functional readthrough protein(s) and the corresponding wild-type protein are found on the

surface of the cell. In other embodiments, the functional readthrough protein(s) is found at
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a different location in a cell than the corresponding wild-type protein is found. Ina
specific embodiment, the functional readthrough protein(s) produced in accordance with
the methods of the invention is found in the nucleus of a cell while the corresponding
wild-type protein is found in the cytoplasm or on the surface of the cell. In another
embodiment, the functional readthrough protein(s) produced in accordance with the
methods of the invention is found in the cytoplasm or on the surface of the cell while the
corresponding wild-type protein is found in the nucleus. The localization of functional
readthrough protein(s) in/on a cell(s) can be measured/determined using techniques known
to one of skill in the art. In a specific embodiment, the localization of functional
readthrough protein(s) in/on a cell can be measured/determined by immunofluorescence.
In certain embodiments, the following immunofluorescence protocol is used to
measure/determine localization of a functional readthrough protein(s) in/on a cell(s):

1. Cells are rehydrated with PBS (e.g., 5 minutes) in Coplin jars.

2. Cells are blocked with premmiume mouse serum for a period of time (e.g., 20
minutes).

3. A primary antibody is applied for a period of time.

4. Slides are washed 2-5 times in PBS, and then incubated with secondary antibody
for a period of time.

5. Nuclei are identified by staining, e.g. DAPI staining.

6. Cells are imaged on a digital confocal fluorescent microscope, and images are
captured with, e.g., IPLab Spectrum software.

7. Staining is classified/scored as (0) absent, (1) perinuclear, (2) peripheral, and (3)
surface.

8. Images are captured, e.g. on an Olympyus X170 inverted epifluorescence
microscope equipped with step motor, filter wheel assembly (Ludl Electronics Products,
Hawthorne, NY), and 83,000 filter set (Chroma Technology, Brattleboro, VT) and
SenSys-cooled charge-coupled high-resolution camera (Photometrics, Tucson, Az).

9. Partial deconvolution of images is performed, e.g., using IPLab software
(Scanalytics, Fairfax, VA).

[00295] In a specific embodiment, the functional readthrough protein(s) produced in

accordance with the methods of the invention is a functional CFTR readthrough protein(s).
In certain embodiments, the functional CFTR readthrough protein(s) is found perinuclear,
peripherally and/or on the surface of nasal cells as measured/determined by methods
known in the art, e.g., immunofluroescence. In a preferred embodiment, the functional
CFTR readthrough protein is found on the surface of nasal cells as measured/determined
by immunofluorescence. In a specific example, the amount of functional CFTR
readthrough protein in the perinculear, peripheral and/or surface is measured/determined

by the following immunofluorescence protocol:
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1. Nasal cells are rehydrated with PBS (e.g., 5 minutes) in Coplin jars.

2. Cells are blocked with preimmune mouse serum for a period of time (e.g., 20
minutes).

3. The primary antibody (e.g., mouse monoclonal anti-CFTR 24-1, directed to the
carboxy terminal 4 amino acids of full-length CFTR) is applied at, e.g., a dilution of 1:100
for a period of time (e.g., two hours).

4. Slides are washed three times in PBS, and then incubated with secondary
antibody (e.g., Goat anti-mouse IgG, AlexaFluor 596, Molecular Probes, Portland,
Oregon) for a period of time (e.g., one hour).

5. Nuclei are identified by DAPI staining.

6. Cells are imaged on a digital confocal fluorescent microscope, and images are
captured with, e.g., IPLab Spectrum software.

7. CFTR staining is classified/scored as (0) absent, (1) perinuclear, (2) peripheral,
and (3) surface. In a specific embodiment, at least 50 epithelial cells from random areas of
each slide are evaluated and scored.

8. Images are captured, e.g., on an Olympus IX170 inverted epifluorescence
microscope equipped with step motor, filter wheel assembly (Ludl Electronics Products,
Hawthorne, NY), and 83,000 filter set (Chroma Technology, Brattleboro, VT) and
SenSys-cooled charge-coupled high-resolution camera (Photometrics, Tucson, AZ).

9. Partial deconvolution of images is performed, e.g., using IPLab software
(Scanalytics, Fairfax, VA).

[00296] In certain embodiments, the functional readthrough protein(s) produced in

accordance with the methods of the invention only differs from the corresponding wild-
type protein(s) at the amino acid residue in the functional readthrough protein(s) that was
inserted at the position encoded by the premature termination codon. In other
embodiments, the functional readthrough protein(s) produced in accordance with the
methods of the invention differs from the corresponding wild-type protein(s): (i) at the
amino acid residue in the functional readthrough protein(s) that was inserted at the
position encoded by the premature termination codon; and (ii) at an amino acid residue(s)
in the functional readthrough protein(s) other than those encoded by a premature
termination codon.

[00297] The amino acid sequence of the functional readthrough protein(s) produced by
the methods of the invention may be determined by sequencing the protein(s) produced by
a cell comprising a nucleic acid sequence of interest (i.e., the nucleic acid sequence
comprising the nonsense mutation(s) of interest). In certain embodiments, the cell
naturally comprises the nucleic acid sequence. In a specific embodiment, the cell is a cell
from a patient that is receiving or will be receiving a nonsense codon suppressor agent(s).
In other embodiments, the cell has been engineered to comprise the nucleic acid

sequence.
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[00298] In certain embodiments, the functional readthrough protein(s) produced in
accordance with the methods of invention comprises a tyrosine, cysteine or trptophan at
the position that corresponds to the nonsense codon in the RNA from which the protein is
translated. In specific embodiments, the functional readthrough protein(s) produced in
accordance with the methods of the invention comprises a tyrosine at the position that
corresponds to a UAA or UAG nonsense codon in the RNA from which the protein is
translated. In other embodiments, the functional readthrough protein(s) produced in
accordance with the methods of the invention comprises a cysteine or trytophan at the
position that corresponds to a UGA nonsense codon in the RNA from which the protein is
translated.

[00299] Table 10 below provides a list of diseases associated with a nonsense mutation in
a gene(s). The table provides the name of the gene associated with the disease, the
GenBank Accession No. of the nucleic acid of at least the coding region of the gene, the
GenBank Accession No. of the protein encoded by the gene, representative nonsense
mutations found in the gene that are associated with the disease, and a reference(s)
regarding the disease association with the nonsense mutation in the gene. In certain
embodiments, the functional readthrough protein produced in accordance with the
methods of the invention comprises the amino acid sequence of the corresponding wild-
type protein except at the position of the amino acid residue identified in Table 10 where a
nonsense mutation in the gene is associated with a disease. In accordance with this
embodiment, the amino acid residue at that position is not the 1 amino acid residue found
in the corresponding wild-type protein and is any one of the other 19 amino acid residues.
Thus, for example, in the case of 3-M syndrome, the functional readthrough protein could

comprise any other amino acid residue except an arginine at position 1445,
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Preferred Targets and CGenetic Profiles [00300] The

nmet hods and conposi-tions of the invention are useful
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w@rdwenomes erosi s, giantism dwarfism hypot hyrpCTUSI007/008268

hypert hyroi di sm aging, ob®®ity, Parkinson's disease,

Ni emann Pick's disease, cystic fibrosis, mnuscul ar

dystrophy, heart disease, kidney stones,

ataxi a-tel angi ectasia, fanmlial hyperchol esterol em a,

retinitis pignentosa, |ysosomal storage disease,
susceptibleW8 2, QiR 16 ‘éhﬁfrﬁn&héntal&iﬁll’t&rgeﬁeuwﬁactdra}todyigtng:q)dhyg:ase in which

the patiensiAq BOYARISS SWAPHAMAhEEs Brasp BeD) el Bt (Etid oneti from
the expre§sjﬂc§h 3135 padRunk p'fdi&n(sl)VQ‘Hédeq:f&tle{l@(lﬁ3é])eérﬂachﬁﬁﬁdnaed by way of
nbodi nent, the geneti ¢ di sease an auta Hﬁﬁ
gene thergps @i Scction -1 IfPEEer beraBK ERanResy): e et trmuence
BbH& i
comprisify $AGRENLSLURBIRD B theopli “é%%’é‘é‘.‘“%?‘“‘“ fhe. ;?é‘?? °
nonsense dingetieeis is the b rsgl@ncﬁf geeding regiorpieet e Vit the first 50, 75, 100,
125, 150&%091%6’%5 556‘ 8o &%@o%}rﬁﬁé‘éﬁdb HoR LR hb Form¥RRY)), and the
rand’ di sease, “at axi a- t el angi ect asi a,
administiatioh af asnsamnae oedda tppessiragest supprass|the AorgeBEcheadon in the
RNA trarterlgd %E{)n dthﬁ*élrl]l leaze{l‘% egbu?*xccbes%stﬁ 1 2 fithchiBhA13EEINAUSR PPfein

agen | sease | S ost eogenest s
encoded byrperduetdia acid seqmemhess Ismd{.uﬁ}:@l% FHe admiaistretien of the nonsense codon

suppressqrr?ggﬁbiwgaﬁés ecms:ga ?e uﬁ ite El} ar&&g’xﬁ &8 { ﬁncgfoggl%g&lméugg%%&]em
produced. nﬁloﬂmraztr@ﬁy, 1d|tﬁed$encel of aanoqsem‘esmded sepmgshlmgaagent(shletﬂe or

tor ase is arthri n
no measusfis dnnreinnal TRLTEOROTRIel] SaadioRd o5 d8ERintt s B0 B
immunoas¥al Qﬁh%%@gsﬂ Mheof@cirad Bbaﬂﬁﬁbugmprommntpmﬂucaé cm@ﬂponds
system di sease is a. ne%Loquﬁgeratlqudlse se. Fat is
to a wildgyps Rrotein thafl BPtRIRFESSeh cignt IgxelyB 3P %&aé’.‘?("f
beneficial 't(?‘ﬁﬁ%ﬁtﬂeﬁt Wb iRlifn® EXMhHI8d 6f patiene populatishsshdtaphld benefit
henne muscul ar dystrophy, spinal nuscular atrophy,
from sucmtlzerrepwhsdeop%@a@éwﬂrr@? i W fisdels: | ate infantile
neuronal ceroid Ilpofu50|n05|s (LI'NCL) or Parkinson's
di sease. [00340] In another enbodi nent, the genetic
di sease is cancer. In a preferred enbodi nent, the
cancer is of the head and neck, eye, skin, nouth,
t hroat, esophagus, chest, bone, lung, colon, signoid,
rectum stonmach, prostate, breast, ovaries, kidney,
l'iver, pancreas, brain, intestine, heart or adrenals.
[00341] In another preferred enbodi nent, the cancer is
associated with tunor suppressor .genes (see e.g.
Garinis et al. 2002, Hum Gen 111:115-117; Meyers et
al . 1998, Proc. Natl. Acad. Sci. USA, 95:
15587-15591; Kung et al. 2000, Nature Medicine 6(12):
1335-1340. Such tunor suppressor genes include, but
are not limted to, APC, ATM BRACT, BRAC2, ©NMSHL

PpTEN, Rb and p53. WD 2007/117438 PCT/ US2007/ 008268
240




[003421 In a particularly preferred enbodi nent, the

tunor suppressor gene is the p53 gene. Nonsense
wodoatiiass have been identified in the p53 geneCENS2007/008268

have been inplicated in catder. Several nonsense

nmut ati ons in the p53 gene have been identified (see,

e.g., Masuda et al. 2000, Tokai J Exp din Med.

25(2):69-77; Ch et al . , 2000, Nbl Cblls 10(3) 275- 80;

Li et al 2000, Lab Invest. - Yang et
ﬁgg:’ﬂ?mplai@% Zhonghua Zhong Liu oe > 114-8;
Ak RS éet“glgfcyelt " 008, b s ol %%Psés
AdrefSibdib@ S0 y ’ ! Ila

Aica e et” al ., 1999, Leuk Resnyephigéhic ee@.n,
Alph&h Adlitrypsthiciehdym  Pat hol . 29( INgurd ﬁ&néiomsSChUyer et
Andraden, Ind8Bvityl Syhdrbnfeancer 76( 3) : 288m3aRBPicK\disgasohr ke et
Aperyndrom98, Oncol Rep. 5(1): 65-Cstedgehegis bpesfiecta 1998,
ArrhyhrRegenoRigls Vendig(ia) DyspBsi27; N rimplysiaet  al ., 1997, J
AtaxBdielmngiettasiai . 14(3): 173-8; Hsi efrader-Wiii Syndgo®  Cancer
Barth @yndromepo( | - 2) : 107- 13; Ral | etPrageria 1996, Pancreas.
B'“ef?gﬁ r-Bleh Nevus NOEBME et al . N ’gﬁﬂmﬁl nsho.

, gteu ?
Canayg Pfa??64 8; Frebourg et al. 9?’ gg Rth J Hum Genet .
Gan 9’8’2 4g; Dove et al., 199575t “d*"m?ﬁ“ drome
Cyst damson et al., 1995g,af (gayq

IS

Der g6; Grayson et al., 199éhwaﬁmnénsl§?ﬁ<ﬂbﬁ&r

Ectobigial Oyspfdd@ol . 16(4): 341-7; Lepsithiegerbisabse 1994,

Fandoﬁuk:%mnz& 8(8):1342-9; M ntyreSmigh-Mabenis $@@bomd Clin

Fibrddgsmidsia Q&ifcan9 PlogBBsivdHor i 0 et a$ticklei 8@ajror@Acogene.

Fragh X )Syad8me5; Nakanmura .et al ., T®8%achgpn J Cancer

Galagt%qrgya 1293-8; Davi doff et al. Tiyguggoc é\qéentRadnus (TAR) Syndrome

Ga”?"(elP‘SEQSP 33; and Ishioka et al. Treg@jg‘{COIBp% WS ophys
@0@8 Fan. 177(3):901-6; the i ous%é es_of which

Hun :Ji?”setheeba\é?' ncorporated by refe

Si
;
Hurl Any di sease assocy, 1?,3,%rp53 gene
HypS&pM £ premature translati ogy G ggunrag ggslegga but
Kllné?Qfer bylmrérﬁg to, the nonsense nWlaideRfg @98drbmbed in
KrabbBEDIsBi&y ences cited above, canwirnkg 8@idesine Managed
LangendictionSy@dnieed by t he net hodswiborthbisgasesent
Leukodystrophyon. [ 003431 Additional diseases to be treated,
Longy@n&yedtomad/ or prevented by the nmethods of the
present invention include solid tunor, sarcons,
[00308] Specifinexmples phavsens dhatgan hy Resyanicdnticated ppdonmansged by the
I
mthods GUAFRRRIEANB  RRUERSRILE, DEIHORE RIS Bncerof e o
neck, eye| gmspﬂa tigoa ﬁstr;ﬂiaghs, obent.dome, lusgmrarraqtmnmmmél prostate,
et o B DR, ph DY B30 SO nad I OHAAINES16T, L 6 o
limited toG &mcfetlpwmga Sélﬂ{emwsamxcb s baqmmﬂumsaectml, hewea laikeons acute
ceII rcin . nocar ci,noma at. gl and .
tymphooyd i Episi, *SBh AR TTeG FARE A PR anRy oyt e B Yetocyde,
myelomoﬁ&fﬁic@ ﬁf&mcﬁ&p Iekﬁﬁfd}et&éﬂiﬂ)lﬁ&k&ni‘w rkd myelodysplastic syndrome,
st adenogar ¢i no car I nom,  bron

chronic 1PN HTONED o7 BHTOQUPHSEr SRRBIFE DR Re i PR G FaRera.

chronic lﬁﬂﬂfdd%mﬂeukeﬁh&rﬂdﬂ@'&feﬂllmla S;ﬁﬂifd’}@ﬁ&maafﬂ% M9mphomas such as
arci noma, WIns' tunor, cervical canc testicul ar
but not limieg fo Hogalinsisass wan-%%airn tdiseaseumy tRle envelpmas such as but

not limited! t8 44N dérfHgh iR m?@lohﬁe hb@cc&?&r?'xﬂ;%[@ma Qété&ﬁﬁrotlc myeloma,

astrocytoma, ne cr ani ophar yngi ona,

plasma caébbnlﬂsrnmohtmpdﬁm@cyt@aﬂ auhextrasnodlinsymlastacytoms;
Waldenstpncgrﬁg n%&c%%@ﬁﬁl%m%@ﬂé&lb&l REHMMPAthyPOT GRIEEIA A di@Bcance;




WO 2007/ 117438 PCT/ US2007/ 008268 241 nel anonm,
neur obl ast oma, retinobl astoma, a bl ood-born tunor,
wa@ewraliagsrphobl astic | eukem a, acute | ynphobl BET/U82007/008268
B-cell |eukem a, acute |ynp¥oblastic T-cell |eukem a,
acute nyeloblastic | eukem a, acute pronyelocytic
| eukem a, acute nonobl astic | eukem a, acute
eryt hrol eukem ¢ | eukem a, acute negakaryobl astic
| eukem a, acute nyel ononocytic | eukem a, acute
benign mbﬁ@dlyﬁal lg@.ﬁy‘mtpadly diekreyrtlimin disedse; bok ¢aneerantd eomadctive tissue

e STt i A 0P s R e
chondrosﬂ%%irﬁnEwuggﬁsﬁc@na Pi’gkf's Gi8¢uss oPbons indlizshanf gibnt c&ﬂlrtainor,

|C|ne Eugene Braunwal d et al eds . 491-762
ﬁbrosarcmstoﬁ eee; CQWP}H Peﬂeﬂéﬁ sprroRnso s Sﬁé‘iﬁ’?‘ga ?‘??é“a‘c"ma
(hemanggbé‘ééﬁﬁ),tﬂr@ﬁrwtﬁé/ FUREi's Jak @£ teidFbSircomaAgastaitpmahe

t hods of the invention include those listed in Table
lymphanalssas@m, neusileramegtan rhabEerny AEREMa Sy EOVig| sargrpa; yaigdumors

such as bRt AYAHhRE td %ﬁ%ﬁdaﬁ&%bmm 8@ SlidiRA, ependymoma,

gastrol nt est di sorder and/or a " cutaneous
Ollgodendlﬂosbﬂd’@r nonglial tweote AGBLipBREHIENOMS, EranieRhpsEngipMmpe

medulloﬁ%s%{frﬁgtr?xg?lpg %ﬂ %g-ne%@Woﬁfa ﬁ'ﬁg@ﬁgﬁgn{as Aflar? B P gn@foﬁla'

| Seases! cel I nevus syndrone
breast ca(xeergnclu@lﬁ@lﬁut getrﬂex)l}te@ poadedidearpingnia, bulardamall gelgcarcinoma,

mtraduct‘gﬁ n ?1}1815131 S O;ﬁ%’br {%%?#&1&11(5 e e r’tﬁgularw%gast

0sa LAVB
cancer, plaﬁﬂ/lﬁﬁy ‘g&am)ancajeﬂmemb disease (talwling ;UN@Qﬂﬁ Faget's 'disease), and

1nﬂamm%t§ &9% Scf 3 b luﬁllzr C ée(r ggch as%%ﬁi}nﬁ%ﬁ% ’phgé/cﬁltr&ﬁ%]}tsm and

adrenocdritdl Qﬁrddﬁjrhze,ythﬁloﬁbeeﬁﬁ:e( such).as bATR@CGimged &) papiary er fallicular

ot G S i o AR S P o
such as HRRS1 lim¥ked &5l eAdRinBh A BAuesEm4, Bl @cagonifa, %B&na}(ﬁﬁilatostatm-

certin ) e i i e B e

Cushmg@?ﬁé@@é’é‘ %roﬁ&ﬁq{ QéE?Ct(ng ttmor, deRSzhBo0R MR, dléls‘dﬂéﬁﬁblibﬂﬂ?@y&cancers
bini s TYR TYRPL genes), Hermansky- Pudl a]
such as lgymt bmited go gcul@pglpnomaggc}g éﬁg@me anoma, choroidal melanoma, and

cilliary B%td%éhéaﬁcﬁ%g %H%Eﬁﬁ@dlést&ﬁa Ova, énﬁ]— %&%F@Quch@&'sﬁﬁﬁhbxhs cell

rone genes), and ect oder nal
carcinongy wemamimcm aﬁldagq:lanqrpa (alyar, cancpq(;spgc}g angguamays ggkhgarcinoma,

melmoxﬁ%@ﬁ%%@pmé R c%ﬂac%?cﬁ(gng Qhr AR5, Qhd @‘Qéﬁ sQflsJagke cervical

oW n Se€ases: sSporadi Cc cancers of e esop agus
cancers gm&sgmnnot lanited o, cque(mm cep%rcgmm&)andamﬁen@wcmoma uterine

R S S
cancers SRS 05T S Ay BRSSO i
cancers Suthas/byp ﬁﬁﬂ l&naedl an gwanmeepslgll_izh&tiqarMBBQagbmdsx)lme tumor, germ cell
ut z ers ndr one e '
s, o5 S EAE B Ese AR ok e AT o R D s cancer
adenocaftiné iR CRIehoiddyctio sRehionta) hfucasi deinngd eatcimdmal aelagesquamous
fornms conprisin effective amount of a n q 1
carcinorp TR s PR, PURSBHEVOHH Bt cRis ot AR RBhE L Eme
cell) carbid@nidF SidfiAkh chideeNiichhis bubfbiMiditéd to] @.&agﬁafdi)xﬂdtﬁa faygdiiag

suitabl e for oral, mucosal .(jncl udin SUblai g
(polypoid), ulcerating, superficial spreading, diffusely spreading, maligtiant lymphoma

liposarcoma, fibrosarcoma, and carcinosarcoma; colon cancers; rectal cancers; gastric cancers
such as adenocarcinoma, squamous cell carcinoma, carcinoid, lymphoma, stromal tumors of
the stomach, and neuroendocrine tumors; liver cancers such as but not limited to

hepatocellular carcinoma and hepatoblastoma, gallbladder cancers such as adenocarcinoma;



buccal, rectal, nasal, or vaginal) or parenteral

(i ncludi ng subcut aneous, intranuscul ar, bolus WO
wQo@7/111438138 PCT/ US2007/ 008268 242 i nj ecti on, PCT/US2007/008268

intraarterial, or intravendits) adm nistration.

Preferred pharmaceutical conpositions and single unit

dosage forns are suitable for oral admnistration. In

one errbodi ment, the phar rraceuti cal corrposi tion or

cholanglosé' qm%sf sugﬂ gg§}19%fl§{1ﬂs%§> ef f o Iff)f/.}ge lung cancers

such as naxg-smta.ﬁ call durgneancer, @@lﬁﬁnoumurda}dlﬁ&nﬂt?xﬂ%}niﬁw tARlroma),
ense codon suppressing

t d
adenocarégéw?l,( lgfg%- eflwggggr%{aeﬁné pﬁ%ﬁ@ncef,ﬁ%stlcu ar cancers such as

but not lipktad & aﬂilha&hm©@rﬁ@ﬁﬁhémﬁ’rhn'a 12868 RldsSicqF $
form ign one enbodi nent, th gaprl]ar rmcggty?icg%o Btfhatocytic,

nonsemmemfap garbryapal 1:zgcxgomaqmrgomaagarc§@@rg@€chpgpmrcm¢ma (yolk-sac
tumor), pRAtdid 6allcefs suBAhY ghmtllmﬁé@ton?&&%g&cﬁ%n*ep? 19&§§§££or{xa and

I nvention conprise the admnistration ose
rhabdomypsagma; peralcandesy ordcaphs sedeasiut abt Gmitpd$o squemsous cell

crcinomSEE Ayt B0 G0t SRS F3ONIIERT bpaprpoms
mucoepld@gnoid)%gmu@mem ad@homldmtm @l‘(ﬂﬁbmamhdﬂj'lghéﬂncﬁﬁt suehts but not

it oS LR0EH Mol LAF RG0S, DEHLRER S0 58) oSLERSAEY s

cell carcinpores, aslqharnomt cestlawrmgema[aﬁﬂ Bdel jndmia, 30 périfieal Gﬁﬂé@din lanoma,
re ent _invention co Set

s of the
nodular rdghfholtl, KR0Sl et e 0y B R LU 2O ORe Lo Kidney cancers

such as buucrrqn ﬂm&dheirm Belk bader, 3 e ik a2¢180aR W pemedBEL A, fitRdoma,
250 and about 1000

transxtlon%}lgcellr%ng% {ﬁ?’g g%}v}sooggﬁngxtgsgoﬁvlimgémﬁﬁr,@ﬁadgleﬁ BRnssrssich as but

not hmnted(id OansitioRdl @88 cBEiRELA) squidlo &1 EEHARE, BB ocalciforkd)i T
sagggformﬂ ation conprises a nonsense codon.

cafcmosagﬁ?ﬁ}fr dediiongeancersinclyfe myrogPeemas9steagenic sgrcoma,
endotheli€aeddPhL Wifip ﬁéﬁgf@éﬁh@tﬂeﬁﬁsﬁé&ﬂ& éé?)ﬁlélfgm?a synovugma

har maceut | cal y accept abl e sol vent
hemangiogjastoma, epistheinh stustnomesn; eystgdsnocaticnoma bpirehegerde cadoiioma,

sweat g]axﬁ@@zq’cﬁﬁ'bnﬂapébaﬁ%%l Od dééaﬁmﬁ ?ﬁéb%)ﬁléarngpgﬂvéﬁhqgﬁgﬁ IQreyr

enbodi ment
adenocarciggmay @er a reyievadfisurhsdisartiemnsesfFishman elodad 085, Medicine, 2d Ed.,

J.B. Llpplfn%t'ﬁr%fgtlih?lgﬁel&ﬁ%tanﬁm%se 3? @7&(}0%@ ﬁﬁc%]’ﬁl&

Completemkn{f Cé&@@f Dga,gnEﬁ@ 'F@atn?é}ﬂ) dﬁgl, R@c@@eﬂm Vlkﬂ;@@%ngﬁnOPen guin

ng nse e r essi n
ko U 109 REEEA 30 SRS AL Bgmorrnt
aberrationstn apbygosis 2&0ales bapeientADReatd ﬁﬁd/@r ARASEIESEY HetAdtheds and

Ssin I n one enbo t he unjit dosage
compositip P Bl (18 SR 6 o BHAE, Dot B piesios golr
lymphomamg eatcironthsovith P53 MAIcH) Kdriiohe TepndehPiudiirs of Hiettf-}bés%

sus sion in a pharnaceutlcally accept abl e
prostate a%‘gf’\"/"e‘ﬁt g{ﬂprﬁcmcﬁm"érlem?ﬁﬂ such gs Eymibighadesgmseausodrnosis, and

myelodyspldbtiesyndigthés. sauce, baby food or baby fornula) in a
bottle. Preferred unit dosage fornul ations are
powders and sachets. [00349] Wile it is recommended
t hat he Iyni_t dosage fornul ati ons descri bed herein are
st oretéatkatigntScreeningand €elblines it 8C, the unit
{00309] In Qsagmbbdmit,at hambeenaletdrmisddothechght pre-8oreening that the patient or

a relative of the patient has a nonsense mutation (i.e., UAA, UGA, or UAG) in a gene

associated with a genetic disease.



tenperature for about 48 hours prior to
reconstitution. In one enbodi nent, reconstitution of
w@2@301188 uni t dosage formul ati on of PCT/US2007/008268

3-[5-(2-fluoro-phenyl)-[ 123, 4] oxadi azol - 3-ylj-benzoic
acid or a pharmaceutically acceptable salt, solvate or
hydrate thereof is carried out by the WO 2007/117438
PCT/ US2007/ 008268 243 addition of about 10 nL of
water directly in a bottle containing

[00310] Br debtafrPerhbodimensheie\ihyerftiob, Rovidex ndilmds fomwepxdgavammﬁ to

B e

agent. 25 mg/nmL in the total volunme of suspension. For

1000 ng unit_dosage fornu*ati on
3- [ 5- ( 2- f Prfot-d- Mmﬂ%ﬂgm—yu-benzoic
o0st1y B B S VRSP RS Ao
with a noﬁbéﬁ%@ thutatidh fhfhegdh@tfbﬂ' &eqn@habm 6fithe patlent respondmg to a nonsense
3-[5-(2-fluoro-phenyl)-[1,2, 4] oxadi éotg)(’é t% o
codon suppriegsos 2eentpthg MgtRRdR AP SIng B“‘ég g Pale \%10@5%’%5

codon suBﬂx‘iEﬁﬁ%g&rﬂefcﬂBﬁNeﬂ%ya:ﬁg hféé@m@rrféﬁﬂ@ﬁﬁﬁd cﬁtm&l& ph%.rrﬂhxmdtynﬁxﬁxc
he total vol ume of suspen3|

“markers @so@ate@avlﬁr thejdiseasriteche prgEeHed-tpanaged Eﬂé‘b’ B%He%’iﬁ%‘ gfﬁh%en
measurerggﬁtclﬁﬁ'l@ %%%D 2 anfit nlaeR&Es) QMH&te'g’@laﬁﬁﬁ%ﬁémﬂ@ likely to respond

i eve eous suspensi on. Al t hough the
to the nonmem sodangupgressaspgant, g@mrmwatmfﬁhﬁ; pgent fen Be regrst.

t | t
(003121 P Ephtfeuli ehitfalcRine e sBrceihnB i od oMb s o e
admxmstrmnmeftal rtonbénse coddn stdwr@smsaanﬁtﬂ thy P@'flerﬁofoélWérbYéb‘b ut

e So gL R T BRI o b,

treated ab¥/oh addaged, and ob@cﬁ&llyaﬁﬂmeﬂﬂ)yslengrmm adrhinistration of the
recommended that the sus lgn be admnistered.. . ..

nONSenserQqoR SUPPIFAEFY- 5 eErtan Rbatgmpiey Aot iajpration of

the nonséiRlcollBE sisPrédser Rstsiaboees! d@ﬁa@ &bouM l()l'tiamtabbuah@ daysi sbout 21
rinse water be ingested to ure that, no ovvder

days o abeft 38 fayshdniSgi FERbODRRIBAT TGN GHMIBE AL} BF Rgnsense

codon smﬁa%?es%tallast@gﬂblﬂ'ﬁda% | Hdut 85 daR2 bbARIG0 dagh, beut S(Dltiayﬁi &bout 120
[imted to: sachet s; cachets; tablets:; chewahl

days, abouft4drdays.abontl yearapwiil a physigien dgiergies it fagrpgy s ould be
dlscontxrgf‘édatlh 4 p%?tﬂf.l‘lgf%ﬁlbc)td‘irﬁ@ﬁ'te fherd RZEPGRTY, ofdioﬁﬁ%a&hémfof about 1 day,

wder's; tions; liquid dosage forns inclu

about 3 dayspm Srisys,abgut 7 deyreabentdO day praé)@ubb%éaﬁp alema 21 days or
about 28 %}p %e%wee%%erz s%e?{nrmnxgﬁtﬁgtlfm e' an rfil administration of the

rons, 0 -1 Nn-o0l sion); and
nonsens@kodon wppfessmemﬁ?)BEDmdtpulmhearyrﬁnﬂ@@%&ﬁssmﬁ@ In a specific
t

h
e s M o RO Lol Bl bes ot
[00313] a@ﬁylpharainﬁuymatdme mkenr z{s&oagtedomdethtrcmeams disthesed heredn

e Q45 o A0 LRSS H BRSPS B i prosen

inventiof{§2e28.21, 'P%ﬂxtéﬂol bt c’QQ AcﬁﬁM)JoXbWHEMS Ib(m;enaﬂrpbiatmﬂ by
in the art g., Remington's Pharmaceutical
referencehiegsip isits &@Fﬁtyé'd Mack Publishing, Easton PA (1990).

[00314] [19R3Rddve PHRarmRI 9 elﬁmaf mhh&rpmsaatedivmemsue Hibirolis tietude, but

ave ot iy SenrpihC ) RotRAtR) R BTetg JELARE Seng g Standsert, et al,
Pedtatrz%nm@bﬁblggyp E7 BgHs 539@%@0&9%6 DS, PR &5 NSO ARIERD: 595- 604 (2002),

rous armaceuti cal’ conpositi ons and dosage '?f{
- each incogporated by reference herein in its entirety and Example 13, infra), CFIR protein




prepared using anhydrous or | ow noi sture contai ning
ingredients and |l ow noisture or low humdity

wa@onditti4es. [ 00352] Typical oral dosage for msPEr/@S2007/008268
prepared by conbining a coddound havi ng nonsense
col on suppressing activity in an intimte adm xture
wth at | east one carrier or excipient according to
conventional pharmaceutical conpoundi ng techni ques.
Exci pi ents can take a WO 2007/117438 PCT/USZOO?/QO 98
staining anﬁ‘lﬂea&lfh@netﬂ i e¢lis ailetied fomthearmse kipeon 8t HEilhanskiser a

Engl. J. C’ﬁel%r 121:?' P@ﬂe@g@ﬁgu{cm O?chh% éfe?sltd Fﬂere’fﬂ)fn 1tseé'rﬁfi®dy%nd

use I ora or aerosol
Example ld?’schﬁﬁgé [ $Weat Bhlotide cotentratien (sst, €.8b Enxa@alet 1) apdchpnges in

cols, oils, _al coho flavoring agents (e.g.,
PUlmonafW%WFPP%tS@ﬁt‘f‘&e?}‘amﬂre @rvat ives, and eoloring agents.

[00315] nfa%%ﬁb@§hafma%zsaymetxﬁa:ﬁwstaséﬂcmédawnhwqhnmmacm|

e Torns wder s

dystrophy tlmiu& dut ﬂlgﬂteéatﬂsft?r‘gg cregfige S%#"’)*’psﬂ&i  the

methodolo%ran 180 88 -a Oy mEhh RO of SBAMA Sreatine kinase levels) and
ocrftaﬂlne cel l.ul ose, dlh nts, gra Boica

muscle dyaigeypttis ; mq&gmemhbg stajling| @qeg, e.gnHo ‘fagphé{t é’ér gf nlgyo gic

XXII: 15-2?3566333{ ﬂ% ted g&éfeﬁéﬁkélhéaéupfrﬁft@éﬁtﬁ&ymutsmme7)

owder fornmul ations co
[00316] IHﬁétﬂniwe\pélaanmﬂynamic marksrssasseeiated g&: ﬁ@lugaelmt are

not hmlte%'h tos Slear e Snca gt am%gidfbgfa plflro rﬁqg'%&?ﬁyédlﬁ rglbﬁheﬁllar ﬁltratlon rate,

e solvent €. g
septal thidkinkss, tﬁnﬁﬁﬁﬂabhat&cglcdieh&ﬂnhg@on pﬁq\mglmcbmﬂtegn ga@, ggz C%%lﬁ?

amyloid lg@?iﬁpgﬂ/%ﬁkﬁ%ﬂatm PHI rém%noglggth?rg ?é’lgt@ng ﬁg:(e Eﬂght chams (FLCs) in

serum, anB QWSEHce GTRakidd edjRinins T and h{cTIneTol). nor e car r [ er s or
[00317] Iil)égtlﬁgtggé}}sﬁrlng Onprlu{:] fairxtafégegf \é\%sfprc]xa eﬁwgﬁ ﬂﬁﬁ%ﬁﬁlh&qgﬁﬂde but are
not hmlteﬁqa QbR Aciivativons falucell clontyaistanesofi tissu¢ factor 1nduced fibrin

dmnistration_or _reconstitution. In yet another
forrnatloremsb@mfhatm A can be encapsul ated (e.g., in a

[00318] ﬂﬁllsﬁg’ﬂli\gb W%Hhﬁ}m& P3R4 abdodittel @/itﬁpﬂlzmlmn’s disgase include,
nistration may take the form of Iﬁérg}]orrhs

but are ncﬂdimltect)tvs altgtyfl @kpj,elgt( ra§g§>§ éﬁykgﬁé)recdllrsqr Wé?/te’r?a@ 15 ;

global, ¢ %n §‘%1¢13 { Ie?eﬁ\{u% 35 ?ﬁ fahitic ic t&td) es%'],ﬂﬂ&&iﬁ%d Mini-dM@nall Sthte

or ot

er swtabI? vehi cl e. al
Examinatied (vIdSExor lﬁuéltﬁed |Hﬁg.hmskplsglpgmé}t HFR pqrélg:gﬁmg&mr
measuresag%?\ﬁp {\ig gén\? 924 f%%l\)qh% %@B%&W&eﬁ&k@aﬂaﬂy a@ﬁﬁﬁiﬁi @éﬂt&ed

SUCh as suspen agents (e.g., sorhit

brain volﬁbﬂ’ethss eg. memeedd.esmg/MRHe eeaplso %?‘B’ iRt el gap%t]rlgs 2005
emul sifying" agents (e.g., lecithin or acacia);

JunSuppH% aqueous vehicles (e.g., alnond oil, oily esters,

[00319] Bldtrfatieb phii@hcodyndmizanaerst asdociatgd vatl Rarksinsey)’s digegse include,

reser atives le (UPDRS),
but are nﬁ} léligy:p [SO’WWB )?§?S%%98ﬁ§5§1%1r‘m§%? Pésegﬁ:ei Iésltmgr%ca e (U )
MMSE, Pa&fiRéi 7 @R predEiyn, aVBR totalduilyi timbod far" (JAIQMN), motor tests,

flavoring, coI LOr ngllf?ﬂ%a eten ﬁﬁ]‘g agents as
dyskmesgpp@rlagqi,.pgflsnt igriess ﬁ‘&%@g “Bf**&cipients that can

l?ﬁ éffa?ﬂ atRtddnhndd mdﬂ&ﬁgﬁsf)ﬂﬁﬁﬂ witlchthewsclbrasiscand familial
00520 T A el [ Sscrheth HhSILAR TeveNE
hyperchlbgmxroctqmasnclsdﬁd%ﬁt arespty ’é‘b‘Ff‘é‘ tI‘)o eeased gholes &
reduced MDA-LDL levels and/or increased high-density lipoprotein cholesterol; serum fatty
acid profile, serum lipoproteins, and markers of vascular inflammation, reduced plasma
homocysteine concentrations, plaque formation in atherosclerotic vessels (by MRI or

Intravascular ultrasound (IVUS)), coronary artery calcification (CAC) as measured, for



phar maceuti cal conpositions and dosage forns include,
but are not limted to, corn starch, potato starch,
w@ro0oihABs st ar ches, gel atin, natural and synt hP€T/TSZPOTIB08268
such as acacia, sodium algénate, alginic acid, other
al gi nates, powdered tragacanth, guar gum cell ul ose
and its derivatives (e.g., ethyl cellulose, cellulose
acet ate, carboxynethyl cellulose calcium sodium
car boxymet hyl cel lul ose), polyvinyl pyrrolidone,
exampleghy glecireptbeampeampiiedtogaesanhy;, godjdegragsed artery blockage, e.g., as
measureg9 gﬁﬁg%&%@&ila AR ks (H@ﬂr? Hesifes i‘ftll}lg conhish c#6P arterly e(SCCA),

), mcrocrﬁsta [1ne ce ose, and mxtu

internal eavetid aftern@C2007udiivih 3ecrrats OBUGOPI@OBRGRies 245 [ 00356]
o0321) TUELEGHL 31 SHELRS R i hAThS Bl NS Lobd 4t ald s,
include, (bpohrpaton ikt tg) hzight B@3eveinol growtiohoroms ardprble2dn.

(pol.oxamer 407 owder a_di si nt.egrant -
o021 R g oo RRAE btk ecto S P Bposhysmigiom ape
hyperthyaoidism fiitcladd) dut aexit hivdtetd 3o (TIP3 Oy sdd VS Heehini &k, and the

wscsom A4 ) B mERNGEL 4 S S R Y o

developmidht ldtenfsqiD@Ee i n the pharmaceutical conpositions
d solid, dosage faqrns di scl osed herein, i.nclude, but,
[00323] Jllustrafive pharmgadyngmip marlgrs asspgiated with getinitis piggwniosa include,

but are Hot lichiteddb 2864 R8hexacRIVEER)(DHA Cle 081k ysduddr fui@ion as measured by
cel ]l ul ose owder ed cel | ul gse, dextrates, kaolin

Humphrgy, £i1g dynaligier visul il gensiyiny, BB slegiemstinogram amplitude, and
visual adlliy;; 9el atini zed starch, and m xtures thereof. The
bi nder or filler in pharmaceutical conpositions of the
[00324]; Iyatrativgrphasmegedynamit yaskas aysociateds wishnlate bjfantils gevrgnal ceroid
lipofuscRRSH; ' " f '
s RS BR1GER 8 b DRBL FRARHAE Pl p e P
clinical ratingsealy sind [thagnetic e¢soninpsdmiagimiglrdagnebig respmengeospectroscopy
[i.m the materials sold as AVI CEL-PH 101,
assessm?&‘%}lf’gé?gﬁﬂ?‘l'os AVI CEL RC-581, AVI CEL-PH 105 (avail abl e
[00325]) f llostrdtive leimoodyriantic nfunkdrs assocMieicwitk spinul mustular atrophy

. Avi cel Va K, A) , ' th f.
im0 PRt e SR e B
examinatiohlind@s@FBRI(thesoshitiorg anbele/paralpyis inddxl (MR Earkdihg dassal

.. AV] CEL, RC-581. Suitable anh r low noisture, .
decubitds fp1os(l e ECi AT oSGl Y U R0 B IRER oy dsometric
contractfinawith a HaB@hd1l¥mynnetBXdN ] Nt Daibh Me ¥z e uhiiRig Wbow
flexion g‘vt hoyt being limted by theory, the nethods of the

A grp, gl thFrer pinbpiaeh pReses). a1 a legmpegagene (syrpmiigckanee

flexion, &6k SShI6n, @A TBBNSx 1€l orPscORRT, R8s MRASFIEBH MSdsOE,
agent that optinmze the suppression of premature

pulmongry fuagtion (§5is: R Ve srsaledeBingnard awliy Relifat ed  mRNA
[00326] fkﬁlﬁéaatideoﬁmoéfytlﬁnﬂﬁﬁmﬁés Qdsobidfed WMB Q%téuag ftéigxl?é}%iéﬁé include,

e treatnent, prevention and nanagenen seases
but are nat diznitgsl te; derreased alithiacfemh graseinnmrgeethinempye fupstion, and

improvcﬁl{-%p}cﬁégiicglnfug&i&{_enat ure translation term nation
and/ or no

nsense- nedi at ed nRNA decay or synptons
[00327]t INgsteasivedliarmcodynamic markers associated with Bartter syndrome include, but

are not limited: increased blood potassium level, increased growth and improved mental

functioning.



reduci ng or avoi di ng adverse or unwanted effects,

e.g., toxicities or side effects. The preferred route
wo@booadmi4ss st rati on for the doses and dosi ng r ePCTERR07/008268

descri bed herein is oral 237. e., ingestion of a

solution, a colloid solution or a solution with

addi tional active agent, above the saturating

concentration of active agent). In one enbodi nent, the
route of adm

ni stratl on for do an si ng
r egi mensS.6@s%r } Tag LS q:éii%

cut aneous) . [00361] The es and i
[00328] Thﬂ:qscselnb iventipR PrPVAdcs rﬁﬁ%ﬁfg‘h%f Serehing 9*2%@“?“3‘8%“ Fitepse |
associated S aisiohsbifkeARRYE 1 forfEon U kcetindad of tis mtightrespending to a

on of the conpound .havin
nonsense cSdqpauppssssor agsnt.he Snettwi{; RORRPripRg ﬁag‘a]cﬁg gglg @anﬁ %m the

th Wil HE2R ﬁﬁ@@a@@or
patient w‘ﬂlﬁitl@ ’g(’(fﬁiﬂgs\%q;%td& ggﬁ%%ﬁfg% %Mg&r&fel Elaé vel %ﬁccoc% L 20 ppressor
activity of ﬂ{e&ﬁﬁﬁlmﬂl cmdﬂtrauglopromln @rcﬁh‘l‘?%ﬁé‘én RNSHR°

S Rle éh@aﬂssb@hﬂfedmth thel
agent indughs the mgﬂagvfgigg%gg eng@ﬂ?{lﬁjg1 ther apeut i c 1l €L eripheral
disease. thﬁ “lihRingaixafples offtelldamples amiuctmguqh@at?cggo sells (e g perlp

blood lympﬁ;sog(;e;;?%ﬂffggé@cfg ﬁ%}-rggﬁt#oblag nREIHnEYV S, i cells, and

peutic pldsma concentratj onab 0
muscle celfs. Cﬁ%ﬁ‘dﬁﬁerﬁ%dlﬁ@nts@ﬂﬁ%flsemomi@n semple ekegliggitected by the

act t 00362 one e r th
presence of h}@é r\plfl?rgg/g% mutagio tlp 5fp H?ng %‘l‘{?}%’ mehiifed BN a8Sendfupon the

nistering a
function oE‘ ﬁ{é%féﬁ& ?W&lﬁ eREYRE HyRchaagahpenenfincet 8.  theassayhsisgrgbed in

adm ni'stered to a patient in need thereof one, two
Sect;onSlSrattorvpee times in a 12 or 24 hour period, wherein each

. o P86 blovidanachbasifdrscrboine apatignt with
[00329] Iﬂ Sertamse%&%tdl&g?ﬂtsftg 8 ar errbg di rlnen%O th Zk edwg,fethgﬂ
a disease ssqunatedsmmig aagemn8¢ uRtienin SEEPE g&e' | ng,

Tie” nor

once in t 0 @1“% a1 ¢ke hettdde coﬁl\pamngg:,ontantlng acell
feSP°nd‘“§ﬁ%?ﬁlé’Ps glazr’rrg%ltgmt he ronsense 00%8 ?.%p 8551 |
sample (e enskin setidamples sughens dsreal fiprablagis) é’p vidEtbe,

e evenin : Ehﬁd&ﬁ@s&mwadwhm
nonsense §915‘b‘? %‘%’F??go’éﬁ% ﬁ‘? ﬁg&g%ﬁ%&ﬁgggﬁgﬁg once i n th | LRg. .
tissue of RRGEsti(B.g!, hﬁus’ﬂ;fet ailispand oreapwring the respensey Bhg sample

et er el 4 o G Yahs et UglR1 grodBice fancilonal
patient lilgly tp refBonc!l ?onieéls%cc\éﬁ %}uﬂﬁ%ﬁ?&g‘ % San OI nceo e )
readthrm%qgﬂgﬂemaﬁﬁ a réshlft of@agpredsidrhef thoneesesee easterin RN hlbe

is escalated, thr h |sBl fod fr
from the gene. g smecg}pogaqugﬁp {ﬂ}ggc gtus@d 4% AiRYh1 §’t§ El‘la@%el aged from

Shddose adm ni st er ed |stha
patients. ﬁlc@hﬁ far Ee HiffereiaisaiEidio makale colls bytramsfeqtingsthe gellew!
I'n anot her enbodi nent, the first and second dose
vector thaidwintding theddyaPeE®Rept constant and the third dose

[00330] ] ,?%ﬁéh fn%glaﬁ%; 856 ptvi @@ ri@heds for daetieg p. patigntsigh a disease

t heory hopght . tha
assoc:atadll \mt]m alnonsarisa MWALioR W gqﬂﬁéO]é%lﬁ]thﬁ(legﬁ | A ng 8%H§r&§e§p%ndmg toa

nonsensegcg%n ozlﬂsf ?g{ gg&rhg% L0 {2 8thBE8s SaRpHising edic@lencmgehﬁpgmsomated

I on a dose adm ni stered i

with the idsegses advetactitma cclh sample cgm&@g&gﬁnﬁlcgpgﬂrgag }1}]3 %eﬂgflg]&nsense
mutation Wétg ftgeq nglise%fget ?%dégl&gpp)é\#g? Qgéntf sHd Messubidicitlie bxpressieh dmd/or

ublin dose
activity éﬂfﬁbl'ﬂlﬁdtﬁfrﬁﬁrdaﬂﬂirh‘ﬂgmmlm prodared w g@“ BU’ HEEHFES? Agy gyRpressor

adm o St ?gmgg Dot tWe lons%msé &?ciolnyin RNA transcribed from the gene

associated with the disease. In certain embodiments, the cell sample used is a part ofa

agent induces the readt

library of cell samples, each cell sample comprising a nonsense mutation(s) in a gene



sustain target plasma concentrations while | owering
total exposures to the nonsense codon suppressing
w@o@nt1174p90364] In a particul ar enbodi nent, thPERUSHOBE08268
in a 24 hour period are addi8ni stered according to the
formula: 11X 1X 2X, where X is a particular initial
dose (e.qg., 4 ng/kg, 7ng/kg or 10 ng/kg). In another
enbodi ment, the nonsense codon suppressing agent is
adn1n|stered within (i.e., before or after) about 10,
associatedl\with 3@iseabe. OF orGéXarriphel tascy stié ﬁbhmspalhsemple h gompages cell
one nbodi nent , t. n
samples vfygrk-dfip BPereBretalpns 1o Ed o S A BTG f CrriCe RN Amples
may be st&‘é@@.t —170"03@1&11&1@@&1 liewituchtﬂwltfthe delt saspiee drqdlawcd B@d cultured
concurrently wth, or after adm nistration of the
\HmkfCOQﬁ&H@@ﬁ%ﬁP@HBBE“%HHEH8§§WHQ agent is high-fat and/or

hi gh-cal orie and/or high protein. WO 2007/117438
PCT/ US200%/0082

16008268 titedl CQREHsthwictGn EafifepaieRaiay | f
an adverse even evelops during a cycle of treatnent
[00331] Tﬁhaﬁreée?lt isRnebA %E&ﬁidék)ﬁeﬂlbdmdrlsa@enihg& meieanoithra distiasel

adm nistered (e.g gg /g gl educe toa
assocxatecbyntamnsg%e mpgion 5@,@ EB‘% n@ gg A%ai)oeg ling to
nonsense Q:%dér?’ sxgﬁ esséidé:ge‘ﬁ't $h& hRthodlk c@ﬁlbrlsi&@fseﬁdi@lc[@we rgéﬁe astsf)mated

treatment or until the advergl ‘lsﬂF 4t
with the @sﬁasiad@gtacfl@@ geenonse Rl FERITGSSBY 25 M8 fpineered to

comprise aergggp?é} geﬁe tdéﬁ% WS fer e Pt RN tg'tﬁe A NbSihergefe associated with

ens on suppressing agent within 30 ninu £
the diseasgfdoptaigingwiad nmseam)my;gnﬁm @Wn@suneg theawreslsg)rhmgl?or activity o

the ﬁmctll]gﬁt?ler]gzgtgtb?quf%ﬁ éﬁotell?éroduZedO\gth@anﬁgerﬁE e84dRsippressds 4fent

7: 00 after supper).
induces thOR3GTHough gfthe annsdree cadrivadithe RNA trarscribefl Stpsn gre geng- In

certain enﬁ%ﬂégﬂ%&s gggrghclngn & %%Bht%%stmclé’%)qmeg bﬁt eﬂtcﬂnoe[hl&gdlﬁ\ents, 9,12,

reSSI ng agent In sirngle or divid
15,21, 24 e27g 30 di' BB eﬁctelotiﬁes)lfmm dw?régi(mwtf thegéned)f idtssest cg@gmthe

nonsenseﬂﬁmga %elu 00 pEgsen e mm rf]g%gée é;éﬁ lfs?en%ﬂﬁ?red fo

comprlseatﬂg ré_é?ox’irgf {ﬁ/ék gehe %gﬁriifgreaﬂ%n?ﬁmﬁgklk@norfsem@hk@tmndo #gat the open
ny an

and.1 | k
reading faalp%wﬁme (PP Ene ERRBHINSY ?T‘datﬁﬁg P apeehBod fepfer gene
will resuft 1Hg'?§&ﬁ§) aCRAGMrSHEIPSBH Wlem @ PbBhsdnSe a0dBMsGipessser dgent
a

ose of about 2-6 / kg, about 5-9
induces leadtbrqugh@ theypersense auiopgh Ky R’é‘ﬁb‘iﬁ‘l‘“sii‘g%‘éggﬁ’g&‘ﬁggeﬂ? Examples

of reportgpgéﬁtes vf&élﬁg Sebtior?5. Babbi& UARY calrbasibéendinedted to comprise
sense codon suppressi ng %ent i's adm ni stereij%géhs

the reportirgenef I\hmdumt@g@qap‘galesgg@ly@e b}cﬁ?/lq(sgs l%mcyée%
neurons ﬂl?sci ellsm{)out %ﬁ%%e/sk SEEHA4E mBRRHTar Q.\Qd eEM b16b%gtmethods

about 30 ng/ kg, about
may be u@d mg prodhoel thelr@pomey/ dege (@bbrdmgzs@@ d«@ct@gi mu?agaww and &

erincr 5l SRR BP0 DB P BRI Raon
electrop@raﬁaﬂ,lamﬁrlipossmasi)m ni stered one, two or three tines in

a 24 hour period.

5.6.3 Diseases
[00332] Diseases prevented, treated and/or managed by the suppression of premature

HQ

translation termination and/or nonsense-mediated mRNA decay include, but are not limited
to: a genetic disease, cancer, an autoimmune disease, a blood disease, a collagen disease,
diabetes, a neurodegenerative disease, a proliferative disease, a cardiovascular disease, a

pulmonary disease, an inflammatory disease and central nervous system disease.



[00368] I n another enbodi nent, the nethods of the
present invention conprise continuous therapy wherein
W@200ensaBse codon suppressi ng agent is adm ni SPET/E82007/008268
daily to a patient in need23thereof for a certain
period of time (e.g., 5, 7, 10, 14, 20, 24, 28, 60 or
120 days or nore). In one enbodi nent, a nonsense
codon suppressing agent is continuously adm ni stered
one, two or three tinmes per 24 hour period. In
[00333] Spwifiegeretbditeawstwitdnnbnseps of teduethodppf dsdnyrption include,

but are ncﬁ;gwelitﬁ tsooadnk)é x4 e ed C nl%legl léfc’nlxé(r sggils%éée wgééﬁs disease,

atherosclétOBI8 SFIARtI 0, dﬁﬁaxﬁbﬂhphﬁﬁcﬁhmlcﬁgﬁnhyp&sthymldlsnu ajgllgyobesny,
adm ni stered on tines

Parkinsorb’é ,dis&asea}\h%%lgakts\égawe 4:)’&%9 Earoshsb 8{){%01;1& ng)ﬁ(troo%il% CPear’c
disease, lé@ﬁ’é&t sténd¥DAk Gia-tEREgRBYSIa, PREkS] hyperdhotesarolgata, getihitis a

speci fic enbodi nent, a nonsense Go uppr essi
pigmentosgdisospmat sarass diieess, TlRAPH lEPEY ‘Fﬁ"&&g lﬁ‘g?ysfifphy’

spinal mmgf Eﬁéﬂglﬂdarﬁf MAPREA Sy RdroatR0 Wotl sold Knors %B@ @the? chdekgare
14 gl kg for days, weeks, nonths or years.
included within $seoethpds obthBdayanien; a nonsense codon

toos34) RRLATE-IRABAGH:, fice Ry BRI A SR et

preferrednamibodiment thesgutoiowaunedisedse it Thegmatpid griheie o eref yagTusdrost

disease. and about 20 ng/ kg for days, weeks, nonths or years.
I n anot her specific enbodi nent, a nonsense codon
[00335] dwppothasimipdimgan thd senetin diseassls ypleathdisease e iz a preferred

r hour .peri a
emboinl e FE b e A P o B s
b-thalassef@€bf kidneyirodesTent, a nonsense codon suppr essi ng
agent i s cont.i nuousl dm. ni st.ered a
(003361 5 s 5 e S B gp et A ot
the collag&{ lﬁgeasé hoUitedoentBié hﬁp&ﬁ&tﬁbﬂdﬁh&lﬂgl kg for days,

nont hs or years fol ] owed. b nt i nuous
[00337] éﬂﬁlﬂq}@t smbedimenh t'ée genelin ety 8 d%/?ﬁ?? 5t mes per 24 hour

{00338] ﬁﬁ fa.hemeﬁémgeﬁﬁfewfth@g&k&m&w@éé@ dnahflagidasorywhiedass. In a
. hs or years. |In another specjfic enbodinent, a
preferredy gmbe«fhlgeené,dh@ nflampiees diserpe d@RRTIES conti nuousl y

[00339] %ﬂ%&%@% EhBdibitn? the bShetoXitedsd W édn&aﬁn&%ueélysmu Bisease. In
doses ‘of dbout 8 ng/ kg for days,

one embnfdtmd:m tho cqp@al mervols sxetam diseawsris amgst%ieg%rtﬁwth‘res#lﬁe&ts? olpa
preferre% Smgga‘?fe%@ dné X&g?al tn?f(\%%s ts&%%ﬁtcﬁ&ras@ﬁ rﬁﬁ’l‘t‘iﬁ)leoﬁléreﬁs %uscular

about and about
dystrophyg Dughérore xda@cmlar\defeﬂmphmnmhlsme%zﬂt@PhYnAﬂhéwf s disease, Tay

Sachs dlgcéfg,?lg{m Bhél}ll% gePL‘?onél g%{)ou‘i‘ ﬁﬂoﬁﬁ&%gs @fg‘h%) Gxaparkﬁlson s disease.

a‘rest perio
[00340] rmrwxetme embodmmers,mhp gesanqxgsesage mcamsem dn aadnfweéteml@dlmem

| ast. h
e ot PREASE b, RO S, o e
colon, sfg%ﬂﬂﬂ Q‘&Sﬂuﬂg st@eith, poseathyibatast, @vedes, kidneg, hmre;bmca@ls,ybram

adm ni st three tines at apprOX|nater 6-, 6, and
intestine hieg oF 2 rﬁ{‘ Pvals (e.g., at .7:00 AM after

[00341]DimeakiRS b refe&e@@mBM@ﬁdrﬁ fthé Uﬁmﬂ&r issssbdiited wittOfinflylsuppressor

e o UL B30 8o\ TEDE T (R gty e

Acad. sEP WSM%ksbssfsvyl%sweKﬁng 8 . D60k Nanwe Medivel6g12)ei 1§365-1340.
ks,” ni ne weeks, ten weeks
Such tumor Suppressor genes include, but are not limited to, APC, ATM, BRAC1, BRAC2,

MSH]1, pTEN, Rb and p53.




el even weeks, twelve weeks, thirteen weeks, fourteen
weeks, four nonths, five nonths, six nonths, seven
worRewhs43ei ght nont hs, nine nont hs, ten nont hsPCEUSWETI008268
nont hs, one year, two yea?®, three years, four years,
five years or longer. In a specific enbodi nent, the
treatnment periods for a course of therapy span the
life of the subject. The treatnment periods can be
interrupted by periods of rest which can span a day,
[00342) Ianaepamt‘iezklarly \pnefme:kembbdhmt e kignorf suppressagdene i thg @53 gene.

Nonsense\,%gﬁggon{, Ezﬁve{/ﬁe&% édenzﬁgs an %%%(%enet%\?\éllhﬁg ggeq(i%ﬂlﬁ:ated in cancer.
Several nbienb@BiutalRRk $n tHeqi53tgeas hweekeen iflentifisdnsed 2, g. f Masuda ef al.,
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[00345] Pharmaceutical compositions and single unit dosage forms comprising an effective

amount of a nonsense codon suppressing agent can be used in the methods of the present
invention. Individual dosage forms may be suitable for oral, mucosal (including sublingual,

buccal, rectal, nasal, or vaginal) or parenteral (including subcutancous, intramuscular, bolus
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[00349] While it is recommended that the unit dosage formulations described herein are
stored at between about 2°C to about 8°C, the unit dosage formulations can be stored at room
temperature for about 48 hours prior to reconstitution. In one embodiment, reconstitution of
a 250 mg unit dosage formulation of 3-[5-(2- -fluoro-phenyl)-[1,2,4Joxadiazol-3 -yl]-benzoic

acid or a pharmaceutically acceptable salt, solvate or hydrate thereof is carried out by the
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humidity conditions.
[00352] Typical oral dosage forms are prepared by combining a compound having nonsense
codon suppressing activity in an intimate admixture with at least one carrier or excipient

according to conventional pharmaceutical compounding techniques. Excipients can take a
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pharmaceutical composxtlons and dosage forms include, but are not limited to, corn starch,

potato starch, or other starches, gelatin, natural and synthetic gums such as acacia, sodium
alginate, alginic acid, other alginates, powdered tragacanth, guar gum, cellulose and its
derivatives (e.g., ethyl cellulose, cellulose acetate, carboxymethyl cellulose calcium, sodium
carboxymethyl cellulose), polyvinyl pyrrolidone, methyl cellulose, pre-gelatinized starch,
hydroxypropyl methyl cellulose, (e.g., Nos. 2208, 2906, 2910), microcrystalline cellulose,

and mixtures thereof.



11(5):155-215. Methods commonly known in the art of
reconbi nant DNA technol ogy which can be used are
walemecnitaggl i n Ausubel et al. (eds.), Current PPOL/OSIINT008268

in Ml ecul ar Biology, Joht#SWley & Sons, NY (1993);
and Kriegler, Gene Transfer and Expression, A
Laboratory Manual, Stockton Press, NY (1990). [00399]
In one aspect, a nucleic acid sequence is part of an
expression vector that expresses the nucleic acid
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uence or- nuc
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vi vo gene therapy 07/ 117438 PCT/.US2007/ 0082 é} and
PA), andzmixturgp Hstept] @ %P%E&‘PIP & i3 AEBRHYRE A MIFREDIIRYRS CRIgss

sodium c%PéBJ&H&%d ReBuldse §a4 Y AAPOET RUesSd Suitabld atthydvdisrioe low
t0 be e@(Pressed to produce_t he encode %‘pé%%%@&
molsmrewsn@aﬁot) didvasripelude & IGHL-BRy1 Q™ @&ﬂé‘ &

knovvn in the art, e.g., by constructing them as part
sﬂﬁ@&ﬂbﬁmlmllmmmwb eXpreSSI on vector and
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I pids or cell-surface rece tggﬂéé% transfecti ng hil
translationy IS ioR ARAE MR SR TR HOSOTNA Ger % SO P B direqf while
reducmg'%xcewa@ﬂﬁ% H&@ecrse &f urgyalﬁngkﬂé&§ & ¢ NSx IV drivide etkage Tie

is known to enter the nucl eus,

preferredamntﬂ 3 e@nmjratnonufﬁr theresefeandlosing rﬁ&%ﬁﬂé@&f@t‘%edt%rem is oral

e kORI ISRGRIGS i i g,

above thecatuaatiyet capetitration of active agent). In one embodiment, the route of

administration for the doses and dosing regimens described herein is topical (e.g., cutaneous).
[00361] The doses and dosing regimens described herein are thought to be useful due to their
ability to achieve and maintain a desirable plasma concentration of the compound having

nonsense codon suppressing activity. Without being limited by theory, it is thought that



types specifically expressing the receptors), etc. In

anot her enbodi nent, nucleic acid-ligand conplexes can
wheoo7otTaegl i n which the |igand conprises a fusPgEOBI07/008268

viral peptide to disrupt 24dosones, allow ng the

nucleic acid to avoid | ysosomal degradation. In yet

anot her enbodi nent, the nucleic acid sequence can be

targeted in vivo for cell specific uptake and
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1993 Current Opinion in netics, and
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and/or high-calorie and/or high protein.



155; Mastrangeli et al., 1993, J. din. Invest.
91: 225-234; PCT Publication W94/ 12649; and WAng et
wW@b007/11R2%6, Cene Therapy 2:775-783. I n a pref eP€BUS2007/008268

enbodi ment, adenovirus vectrs are used. [00404]

Adeno- associ ated virus (AAV) has al so been proposed

for use in gene therapy (Walsh et al., 1993, Proc.

Soc. Exp. Biol. Med. 204:289-300; and U.S. Patent No.
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agent is continuously administered three times per 24 hour period at doses of about 7 mg/kg,

about 7 mg/kg and about 14 mg/kg for days, weeks, months or years. Ina specific

embodiment, a nonsense codon suppressing agent is continuously administered three times



hemat opoi etic stemor progenitor cells, e.g., as
obt ai ned from bone marrow, unbilical cord bl ood,
w@eoo7phasal bl ood, fetal liver, etc. [00409] |PCHUS2007/008268
preferred enbodi nent, the 28l | used for gene therapy
is autologous to the. subject. [00410] In an
enbodi nent in which reconbinant cells are used in gene
t herapy, nucleic acid sequences encoding a protein
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PCT/ US2007/ Q08268, 257 0 t hat nod
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[00371] Hntstineat pasiodudor \epursd pLRSEEY AAN SPHE BRGHWEE dryopyeeks, three
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reporter ene
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el oped f.or use ! u
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weeks, twelve weeks, thirteen weeks, fourteen weeks, four months, five months, six months,
seven months, eight months, nine months, ten months, eleven months, one year, two years,
three years, four years, five years or longer. Such determinations can be made by one skilled
in the art (e.g., a physician).

[00372] It will be understood that the amounts of a nonsense codon suppressing agent
administered to a patient in need thereof are or can be calculated based upon the actual

weight of the patient in question or the average weight of the patient population in question



because it is a functional reporter gene assay (Ilight
is only produced if the proteinis functional) and it

WO 200811488l Y sensitive (Light intensity is  PCT/US2007/008268
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hercin). SREGQdriiEaIMNUEH BSIMRES thd\adihinistatiGn RRNAL [ 00416]
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suppresgﬁ% Eé\§%1? @st ﬁgﬁli%lkslg& hbdve Mbut 0 BR&/Al todbduit 1d0 ug/thhfor At least about
2, 4, 6, 8, 12 or 24 hours by administration of the nonsense codon suppressing agent three
times per day to a patient in need thereof. In a particular embodiment, the administration is
oral.

[00376] In one embodiment, the methods of the present invention comprise administering a
nonsense mutation suppressing agent such that the plasma concentration Tmax OCCUrs about 1

to about 3 hours or about 2 to about 4 hours after administration.



rRNA. By chemi cal footprinting, W cross-linking and
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coli numbering) of the rRMA at nucl eoti des 1406,

1407, 1494, and 1496 (Mpazed & Noller, 1987, Nature

327(6121):389-394; Wodcock et al., 1991,

EMBQJ. . 10( 10): 3099- 3103; and Schroeder et al., 2000,
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an i ncrea SP
[00379] Bt 4 snecific mbégn& ﬂ:;en@m ?ﬁg%’%gsgehg?n%?ﬁﬁéﬁ ﬁ%fup%%
admlmsterﬂ%r ex‘?oiﬁf:ﬁ% co.fd%)ﬁ Qﬁﬁﬁ'@@éﬁfgeageit Qbﬁﬁdimsdnt\dﬁﬁmmetd sroduee at least

Aves t'est conpound or f the ¢
about1% \dOnR9E, 7% b7 a88e,FACH/oUSIB: 1 0 @8 Fede ég)r greqrﬁ,u Oégnore,[ ﬁf% or
more, 12%@85&)?%% c[rgﬂ?’llr $7HEIRASTe! 20% drivadre] EEsfou |rﬂ10rb&fi}6 lor more,

resse om this nonsense-cont ai n| Il el
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Rl MARY CELLS FROM THE MDX NONSENSE-
producemmfm%ﬁﬂﬁﬁ EXPRESS FULL- LENGTH DYSTROPHI N

[00380] TEH&hSY MBI THRRA TEDmAHBdSs Af NENSENSEIISepiRIESHuRrise
administering a nonsense codon suppressing agent in an amount effective to produce 1% or
more, 2% or more, 3% or more, 4% or more, 5% or more, 7% or more, 10% or more, 12% or
r.nore, 15% or more, 17% or more, 20% or more, 22% or more, 25% or more, 27% or more,
30% or more, 32% or more, 35% or more, 40% or more, 45% or more, 50% or more, 55% or
more, 60% or more, 65% or more, 70% or more, 75% or more, or 80% of the functional
readthrough dystrophin protein in vivo relative to the amount of dystrophin protein produced

in a normal subject(s).



[00419] The nutation in the nmdx nouse that causes
premature term nation of the 427 kDa dystrophin
w@odoypepss de has been shown to be a Cto T trapST/UBN7/008268
at position 3185 in exon 231 (Sicinski et al., 1989,
Sci ence 244(4912):1578-1580). Muse primary skel et al
muscle cultures derived froml-day old nidx mce are
prepared as described previously (Barton- Davis et
al ., 1999, Jdin Invest. 104(4):375-381). Cells are
5.1€ UTHERAPEYITI PINIBhe presence of test conpound
00351) A7 g chaicty i rad aiseion eyt by sonice
the skilled gisan Farb ysadGABRTCHIOR WP the fag%f!?fi §ohe %prse’i‘/'ﬁr‘gﬁ%‘f‘?“ fs‘fe’
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produce dpshopaineas, rermgrassion oG dlystaophin et thesatglorpa pf §,keéqtal muscle

celsy: the PRANR AT ORIE MANE A iRy B e sy emi e

versus theRbANLIALSANndesRd nhadle Bad huscPawiengtbtand [perfomae, inclyding

.. lInvest. 104(4):375:381 t est,can ' A/&lEHanual
individual fgMA] %C@Ffl’sd%f I?H?q“é %Elb%e) ﬂ?ﬁﬂr%ﬁ?%gaﬁsg)gg%ﬂﬂ%ans % r%-}/ of anua
muscle teﬁ{é‘n%.sstc&%ts infeRSureAusidg tHaM e Restartle€ounslip MR )anescle

adm ni stered. Gentamicin serves as a positive control
strength searingomaedsi i | led with sol vent only serve as the

cg&& MR Nl @ ShePhBasu@al €6k exiatriple, dypistng thaPediatric
[00383] orr%tg{l}}rﬁ sucL t heg t he cal cul ated dqses ,to V\:hl %@ uantitative
Quantitative demsuiesneny Systen @RMSD Rrimapystespefit ke RS m R
C Lkl | & 544 RRY ekRedttdsCotmsistifg W€ paixgbsur e
myometryo¢5f faigﬁ?(?)%{s ﬁg%hgﬁl)?ﬁmo M In the iniiial experi nent,
flexor/extéhse gaowpst reat ed for 14 days, after which aninals are
1003841 Rrigeaarav Tafbl PEGMMCIbACaR Ul &8 oclimie to: CFTR
activity a@Bése®ed biymasdl@rnsomthetial pdtewiad differgrpe (dEF Qe pide effects, the

i munof | uor escen an ' . dyst r ophi n
presence phEg ng’rafq‘%ﬁ“‘fﬂ’&gq‘%t ?n%iaeﬁglg%un%%g e. The presence of
[00385] ﬂuﬁﬂei&&%m délﬂpa_iﬁts\/?r aARTdiddsid BRIRETPuSEO 09y inged tp: chpggance
muscles is detecte | nEst ai ning,
oramylog o s A A G S5t
histolo gi%aq ?1%543)1%1%'7:051' Myéﬁlﬁ@o@%ﬂfﬂ_ﬂie}iagﬁﬁgﬁAMTd losddrappa/ lambccl:a ratio
of immumiglqz}; 'n-qqlq'gec}\free ligEht cLFPai_ns[(%L%s) ln serum%(a‘a“biélyéeldf%%g

troponins T and I (¢cTnT, cTnl).

[00386] Representative endpoints for hemophilia include, but are not limited to: coagulation
activation, reduced clot lysis times of tissue factor induced fibrin formation and tPA mediated
fibrinolysis.

[00387] Representative endpoints for Alzheimer’s disease include, but are not limited to,
altered platelet ratio of amyloid precursor protein (APP) isoforms; global, cognitive (as
measured by psychometric tests, e.g., modified Mini-Mental State Examination (MMSE) or

modified Hachinski Ischemic Score), functional, and behavioral measures, including



O 0.H [00421] To a solution of 3-Cyanobenzoic acid
(44. 149, 300mol) in DVF (0.6 L) was added K2C03
W@ 87491338 450nmol ) and then stirred for 30 m NPEL/URHOTD08268

tenperature. To the suspe?®i on was added net hyl

i odide (28 nL, 450 mmol) over 20 mn, and the reaction

m xture was stirred further 4h at room tenperature.

The reaction mxture was poured to 1.2L of ice water

and stirred for 30 mn, and the precipitate was loss (
activities of daityeheidgahd belzhvionpattisuleslyagiaton.gpdussa \prgjn vqlume loss (e.g.,
measured qm{ggﬁwgrhée?egaégc}‘ ¢ g%ﬁpggyé? B1. r@ex@z{tﬁ% RiobsrestSupple»8d

uct ~ was obtained as aewlt i
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depresmonal‘“’fI 108l Axily 88leas "¢FOETANY motok )estsndgqlqmsm ratingy patient
was

‘added 50% aqueous hydr oxyl am ne (41 n, 620 mmol )
diaries, andi{18)Buleredpi¥fat ure. The reaction mixture was stirred

. . . lemia
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height andjleysls afegrovih RArmpng B¢ &F O m.) and t hen washed
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ot limitectyTEDI THoed §SHSWARIRTSA e asterpmed of SiFoid)fand,
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[00393] ﬁggreg?rﬂ? PN c{%%g{t%:&?or 1§fﬁHﬁl'the Whi t e relgilggft 2L fing'3ate and
but are nbt llimﬂédllaltb @)feféroMgical hassefssthentdrasedyam th ecloﬁ@-ﬂeln alating scale
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alne as a |tesoI|d g ited to,
[00394] $edpbhtative ehdpoint} for spindl/RsODal ayorhygnghide.bytypre %ot imite
muscle s[reggftb5$he-p8maozfg%? mqt%rﬁfuggtkgn a.r?d é?a:ﬁlﬁliﬁon Hdde (l@m the respiratory
muscle p%ril?slﬁ ?ﬁcfak l(IMR')}HiﬂI’tW: Yofsdl &capumafhiresovitad cypqmtygh%piécal index

(ICV/CT), max1mum voluntary isometric contraction with a handheld myometer and

calculated an arm megascore (summing elbow flexion, hand grip, and three-point pinch
scores), and a leg megascore (summing knee flexion, knee extension, and foot extension
scores), Gross Motor Function Measure, pulmonary function tests, quantitative muscle

testing, and quality of life.



ester (3.3g, 11 mmol) in THE (40 nL) was added 1.5M
aqueous NaOH (10 nlL, 14 mmol). The reaction m xture
wownefBixed for 2h at 100 C. The organi ¢ sol RENUSHWAF 008268

renoved and the aqueous s&i3ution was diluted with

water (50 nmL), and then acidified with aqueous HCl .

The white precipitate was filtered off and the white

cake was washed with cold water and then dried using

| yophilizer. The desired acid (3.0g, 96%yield) was
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71 167, 38, 166, 48, 161. 5, 135 80,, 132.
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nL pl astic 4h| gh- dens%1 EO' éehhgll ene LHPP
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b 0%
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C provided in a sachet formulation, such as set
342:435; 43’b’%l)h in Exanple 12. Excipients (and t hei r
[00400] Delivery of the nucleic acid sequences into a subject may be either direct, in which

case the subject is directly exposed to the nucleic acid sequence or nucleic acid sequence-
carrying vectors, or indirect, in which case, cells are first transformed with the nucleic acids
in vitro, then transplanted into the subject. These two approaches are known, respectively, as

in vivo or ex vivo gene therapy.
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w@odoydemss ose] - 25.7%, a binding agent that PEUS108T008268
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expresm%\gtb? thrg® 1n%§ sp&gﬁkg%cregggﬁgt ISE 1Pl i

92/226353%@2@0&1@, Vi@p3/ WQ SR032 hy fbhemnfevﬂw&e prefgifacid
sequencé §an %ﬁ%ﬁﬁé’ec{ﬁ%ﬁ&ﬁgﬂﬁﬁpﬁﬁf 1'nt:b‘11pb9ﬂed WitBirfhakg cBll eI tfor
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e n S | on. or e
be used (8¢ Mitler gr a0y 1608, MeD El’dz.ymbl AT S8 l-d|99bt Bhese retrovn'al vectors

har naceut.i cal | t abl e sol vent
contin 3T S 2ty 355 s 8 by BB shfome
integrati6f M6 Hhé Bost @611 GNAD qUie rudleiDddidl s¢quehbes tbdealsed i gere thérapy are

cloned g peda v ver R e e 2R 04t Pyl 8 &L3%:. More
detail auatl@fe%%ﬁut &Rk Yean 86 FoRIdARRIBoesen ¥an| 1994 aidﬁférapy 6:001-302,
dry study nedication, the bott]e(s)

which deseaikentheyisg Of 8 ueirgViF) VRERH O detivap Bigem %@%W&?W%OPOI@W stem
cells in 3B ©VRaROHRGERR cbis &Br@é&%@&ﬁﬂooéherrﬂtlﬁ&%'ﬂ hOther references

illustrating the use of retroviral vectors in gene therapy are: Clowes et al., 1994, J. Clin.
Invest. 93:644-651; Klein et al., 1994, Blood 83:1467-1473; Salmons and Gunzberg, 1993,




t he suspension may remain in the original plastic
bottle for up to 24 hours before ingestion, it is

wo ewoimmBBgled t hat the drug be taken shortly afP@r/us2007/008268
reconstitution. If there i%5a delay of nore than 15
m nut es between reconstitution and dosing, the bottle
shoul d be reshaken vigorously by hand for about 60
seconds. [00431] Treatnment is adm ni stered

continuously for as | ong as necessary to a pati ent
Human Geavy Thgrapg : K295 b4l taind | Grosemdvearid W ilsym.t 1993 FChrroShpén. in Genetics

andDeng{g . H4sets forth illustrative daily dosing regi nens
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reat nment y an additi onal 14 days
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155; Malpaeeh et ol 1995, ¥, (A5 TRIAP 7. PR ds4, BRI AIMi il X005/ £2649; and

éontlnuous for
Wang et@@y 15995 dee aheflplyl 2 7TH3I63. hia pre@tdcbem‘dodmghk gdglmyugls vectors
nmg/ kg, followed by 14 days wi thout treatnent, followed
areusedpyy an additional 14 days of administration at three
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ferent dosin regi mens set forth in
culture biztich methessrastsiectoppeaiion. bpeigrtione P%‘ﬁtu"%l Riesphitggnedigipd

transfectggns o glrgﬁ?{? fog)lo gjsiallﬁqgé Mol &2 tF’@ﬁfe'i‘ SnclhddsARs kragsfEt 6 a

ood wth food Schedul e
selectab@onanmummec@m i Foes!ls@oe thenudarsd upder splesgionio isolate ghose cells

that hav?rga?gﬁa up 30 W%I%%%Eﬁﬁ?ﬂ EZné) Oride4ell® éi‘egﬂlZn delivered to a

7 nmg/ kg 10 ng/ kg
subject.- 7: 00 PM 8 rrg/ kg 14 ng/ kg 20 ng/ kg Abbreviations: TID

[00406] ;Ingnirsee%lbtold?rgg’ntp file nuacYelé:/\Q:la%) K{tr]oglz &tinkS CJ(:H?BRQF 10RB<RR tration

in vivo of the resulting recombinant cell. Such introduction can be carried out by any method
known in the art, including but not limited to transfection, electroporation, microinjection,
infection with a viral or bacteriophage vector containing the nucleic acid sequences, cell
fusion, chromosome-mediated gene transfer, microcellmediated gene transfer, spheroplast
fusion, etc. Numerous techniques are known in the art for the introduction of foreign genes
into cells (see, e.g., Loeffler and Behr, 1993, Meth. Enzymol. 217:599-618; Cohen et al.,
1993, Meth. Enzymol. 217:618-644; Clin. Pharma. Ther. 29:69-92 (1985)) and may be used
in accordance with the present invention, provided that the necessary developmental and

physiological functions of the recipient cells are not disrupted. The technique should provide



[00432] Patients preferably take the drug within 30

m nutes after a neal; ideally the drug wll be taken
w@rooappmexi mately 6-, 6, and 12-hour interval SPCEUS§2007/008268

at -'7:00 AM after breakfa2¥®%, -1:00 PMafter |unch,

and at -7:00 PM after supper). Patients ingest the

drug by filling each bottle with the required anount

of water or other pharmaceutically acceptabl e solvent,

cappi ng and shaki ng each bottle for abqut 6%.secor%9§ibleb
for the stabRNEadsfierofitngmailéingeidto thopelbse shasthg preleir 851G 'F &§P Y

d 5 tire d
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mhistration. 6.9 EXAMPLE 9- ORAL TREATNE .
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or hydrate thereof is provided as a vanilla-flavored

powder for suspension. The drug is manufactured undFt d
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265 [00435] Dosing of the drug is based on mlligrans
of drug per kilogram of patient body weight. The
W 0a0al1168 une corresponding to the total m | i PCEHES2007/008268

anount of drug to be adm 2i7’stered to a patient should

be cal cul ated. For exanple, if a 30-kg patient is to

get 4 ng/kg, then the dose to be delivered will be 30

X 4 = 120 ng. This patient should be dosed wusing the

250 ng dose bottle. Since each nL of the suspension in
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the esi red anpunt shoul
genemthmpfema\mtémmhmcmw medi cation bottle into a
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the secongcﬁ 8 biddhentibd ﬁ@%oﬂﬁ%ﬂn@’lbf rabf)lttrétﬁzuﬂmy& lyammant aofonsense—

contmmngdp%fé;sgqeeptgglé%w%: Iri%géze eagd ?s]%g)f %Pglff%rgse repoxqgr construct
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used for each dosing. [00436 For aTIDd
EmbryonieKidrey, cellne Iy memmh@?gu% @Ry nBRIFAGPTFINIBE é?iééﬁgpa%ma““fe

termmatl%? I LQYREL used aBPa PORRtRET AT vin MUrRElatieh rdatBioNBising GAISBi6

reticulocgte[1gsat@ sipplamentpd anthl (RN, IEmipoxadinggnass, gpjnansids KOAC,

Mg(OAc)s, CI d 3 a?ge Blhgs Ginfe Dgl‘srgx‘?gl%ga%cgf t}‘E AQE %ﬁﬁ@ﬁ%@gﬁﬁ virus

derived lﬂgrldf g%que%es Syﬂth&tlQmIB‘CSA Mplrpareg in 4:5‘rc53812g Qxesw s@%&glzand the
MegaScrHﬁ/zR Syztro élgn k; %Az}r%algn)s 13 both 3f thebiodedli&dl ab@S81based

assays, a small molecule known to allow readthrough of premature termination codons, 3-[3-

(4-Isopropyl-phenyl)-2,5-dioxo-imidazolidin-1-yl]-benzoic acid, is used as an internal

standard.

6.2 EXAMPLE 2: CHARACTERIZATION OF COMPOUNDS THAT
INCREASE NONSENSE MUTATION SUPPRESSION AND PRODUCE
FUNCTIONAL PROTEIN.

[00415] To determine ir vivo activity, a stable cell line harboring the UGA nonsense-

containing luciferase gene is treated with test compounds. Cells are grown in standard
medium supplemented with 1% penicillin-streptomycin (P/S) and 10% fetal bovine serum
(FBS) to 70% confluency and split 1:1 the day before treatment. On the following day, cells
are trypsinized and 40,000 cells are added to each well of a 96-well tissue culture dish. Serial

dilutions of each compound are prepared to generate a six-point dose response curve



[ Range] 3-6 ng/kg] 3-6 ng/kg] [7-10 ng/kg] [00437] For
a BI D dosing reginen, the follow ng roundi ng of drug
walo®a/1cass be fol | owed: WO 2007/ 117438 PCT/ US20RCT/08B26@8268

266 BI D Dose Regi nmen: Nunb2i of 125 ng Sachets of

3-(5-(2-fluoro-phenyl)-[1,2,4] oxadi azol - 3-yl ] - benzoic

%plr]d tnge Inggst ed(Ee; Dose Wi ght Breakfast Dose

ner se nge g 8 / k 8 / k -

36-44 3 3 45-53 3 3 54(66mjr 4g) 6(7 7gg 2 73?8355252
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constant a4 G20 PEe GO Rt | G At P oo pou standard,
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IS necessary before reconstitution. The drug can be
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the rRNASeH SR8 14mmnt1a91y, aﬁhfdtlal%\(/h/tcarzed &Ngtlheﬂ987 Nature

327(6121&5?55‘@%3&4@2&'@%? o104 gk By !sDe8 8. it dchfoeder et
al., 2000 J§ J\»ilg gously by hand for about 60 seconds to
Ieve enelt of suspen5|on

[00417] Bmopms pwp ahaicqlls pge lawlzﬁt?fiawtb ttetbEund a2

concentrartxé)g ofi Obgtl\ﬁfl fﬂf;{?\”%cﬁbyﬁgﬁrfenk RsBSThiefifical modifying agents (dimethyl

drug be taken sh rtI
sulfate [DMISDasd kethoka{KB]). Folboveng shemigal gy) %,eﬂﬁ{'éﬁs R}%enol-
chlorofogh@%# %P #han A rreg' Qnsh] 4ddiy-R8 1@5ﬁme@| Qﬁieﬁﬁion%&tlbﬁﬁ tidigg end-

VI gotously by hand for about 60
labeled oﬁgﬁﬂmﬂéotlc{e@ @&Bﬁﬂhziﬁgeatd[ﬁq:renn regiomaiof the threeRNAS and resolved on

6% polyq%ggltp%)gge ggls SE‘E bq%e% P%e o?ﬁnﬁl%? g§%§§1§ntc8v@r tH@Eht%@tISS (7

avin enne Misc
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Controls in these experiments include DMSO (a control for changes in TRNA accessibility

induced by DMSQ), paromomycin (a marker for 18S rRNA binding), and anisomycin (a
marker for 28S rRNA binding).

6.4 EXAMPLE 4: READTHROUGH OF PREMATURE TERMINATION
CODONS IN CELL-BASED DISEASE MODELS

CODONS IN CELL-BASEL) DISLASL 2 2 D).
[00418] To address the effects of nonsense-suppressing compounds on mRNAs altered in
_specific inherited diseases, a bronchial epithelial cell line harboring a nonsense codon at
amino acid 1282 (W1282X) is treated with a test compound (20pM) and CFTR function is
monitored as a cAMP-activated chloride channel using the SPQ assay (Yang et al., 1993,
Hum Mol Genet. 2(8):1253-1261 and Howard et al., 1996, Nat Med. 2(4):467-469). These
experiments demonstrate that cAMP treatment of these cells results in an increase in SPQ
fluorescence, consistent with stimulation of CFTR-mediated halide efflux. No increase in

fluorescence is observed when cells are not treated with test compound or if the cells are not



dosi ng regi nens for

3-[5-(2-fluoro-phenyl)-[1, 2, 4] oxadi azol - 3-yl | - benzoi c
wa@eood1om3®  pharmaceutical ly acceptabl e salt, BOI/W81087/008268

or hydrate thereof wherein2®dninistration occurs two

times per day at 12-hour intervals (e.g., -7:00 AM and

-p7:00 PM or three tines per day at 6-, 6-, and

12-hour intervals (e.g., -7:00 AM -:-1:00 PM and

--7:00 PM with food. In a particular enbodi nent, the
stimulate@MitHEsAMPS Fithst nésuite dedlonstrate that the full-length CFTR expressed from
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orth in Table 12 conti nuous for 14 or 28 days. In
channel agiyity when dieptsd; With p dest 8°I§PW§}‘% daily dosing regi men
set forth in Table 12 is followed each day. In WO
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at approxi mately 6-
prescnce]cﬂ'—dystmophm e my@lbtaS’( eultyres latdetexztedd)mmrawc@ﬁalbmééﬁﬂs&qnbed

f
prevxousbla#aéwPls\f)?wé gé?l ,;’@gﬁﬂ{ ggg 69\5ef9t ﬁl()gﬁg %Msas{]sfﬁ{) &S}%&Prﬂﬁfy)monoclonal
antibodyttb@h¢ €quininds aﬁﬂwﬂystrbphvatpeotem (FaPAdR) prusedwodileted and y

rhodamqa% f::()ergt ah l %%.? lé%c%e}%% E%G Cw[x){)eﬁ é’g é secg{nﬁgry %tlﬁg "Pl?é Floai2

e’ appropri ate
antxbodyaxﬁmld‘éte&fthe Fnl-1enpth protein podhodd l:ya sum:reuycnmﬁiha hoxkessaepdon.

Saining 3 ena o 5 FOE P e ol Rl ring
soﬁwaxéafi@wehi\kk&@%ttbéﬂasﬁomespondl ng to the dose is to be
taken at oné tine. After |ngest|on of the drug, the

dOSI ng Sil‘l n%e 0 e llo?ﬁdPie“B ;ﬂi Eﬁ NABION
asttfl:Qt_MIN" I d*.,'rg' be :I;E;est ed by the
en n
o0c20 i TR BRSO 210540, Pt a7sson
test comPpo8ad RalelividiyesReeodsticmmngs iniflanted under the skin of anesthetized

mice. Two doses of test compound are administered. Gentamicin serves as a positive control

and pumps filled with solvent only serve as the negative control. Pumps are loaded with
appropriate compound such that the calculated doses to which.tissue is exposed are 10 uM
and 20 pM. The gentamicin concentration is calculated to achieve tissue exposure of
approximately 200 uM. In the initial experiment, mice are treated for 14 days, after which
animals are anesthetized with ketamine and exsanguinated. The tibialis anterior (TA) muscle
of the experimental animals is then excised, frozen, and used for immunofluorescence

analysis of dystrophin incorporation into striated muscle. The presence of dystrophin in TA



appropriate anmount of the drug can be wei ghed or
nmeasured and conbined with an appropriate
w@barmemstit i cal |y acceptabl e solvent prior to PCT/US2007/008268
adm ni stration. 1004411 Ef240cacy of treatnent can be
determ ned by neasuring the change from a baseline
nmeasur enent of dystrophin levels in a biopsy of the
foot muscle extensor digitorumbrevis (EDB). 6.10
EXAVMPLE 10: PREPARATI ON OF UNFLAVORED DOSAGES OF 3-15-
muscles i§ detetie@BERHRNdostairiing, a6 exoxibedZDevidusty (BamrDagisateb 1999, J
OR UTI CALLY ACCEPTABLE SALT, SOLVATE OR
Clin Inveﬁvﬁﬁﬁ‘i@% [ 00442]

3-[5-(2-Fl uoro-phenyl)-[1, 2, 4] oxadi azol - 3-yl ] - benzoi c
6.3CI EXAMPBL, IPREPARATI O¥cx: -P
or fyxaeADIAZOf -3-YIIFRENZOIGA CITpowder f or
suspension. The drug is manufacgured under current
Good Manufacturing Practiceyeondiyions (cGW). The
drug can be intimtely m xged w y ndi ng and

suspendi ng agents, sur an and/vari ous m nor WO
2007/ 117438 PCT/ US200 pB268 268 exci pients that aid

in the manufacturing proces The m xt.ure i s packaged

ina 40 nL plastic (bCho nS|ty pol yet hyl ene [ HDPE])
bottle sealed with a foil seal and a white plastic,
[00421] TBid s{émtﬁfﬁfof@aﬁyaxﬁﬂmhzdnotabide:4édl4gc3ﬁﬁ1mmnl)ab BUVF 38.6rFg), was added

bout about bout .140
o G 40 B e e B R e BB
suspensugtﬁafaﬁgdde@t}ﬂéthyﬁﬁaldeS nalb 0150 ﬂaﬁﬁﬂ)) owpr 0 mainparid thé@actign

mixture \sas[ girgesl further 4 BHOAY terpersueg) FhedPasiop sty s RRgred © 12

of ice we{t:&" A dQFirRd PHRS TREE UénUQBé biecfaaPvadfiRergaloff. Fied Whit€cake was

ate thereof. ipients (and_their pro ns, of
dissolved lemetbeee! (70 kil 809 IANGBTRSIFIE IR T ARG s e Broduct

was obta%é-]%%g ndi e ﬁf@&@r wikdh 99@%%1’&)(3 8 H 9908 pLf8f bEG/UV). 'H-NMR

extros bi ndi'ng agent that can al so
(CDC13)|6r8)8'5 (ﬂé—l);&%e(-lﬁf&s&[)i’a@lHI ﬂnkﬂwﬁ%l - 25.0%, surfactant

[00422] iap%o é&gé’fg‘gﬁg Loef c}%&l m%%%?eité@(sgéﬁwwlf & dehanol (500

mL) wasiddled 5% ﬂﬁhoﬁ@hﬁkpﬁyﬁaﬂm@—l&n&xﬁzo mmblpatrepm temperature. The

reaction g)é]%%umlz g,gt% gtlrﬁﬁgﬁ)é 51: 3 Sg(idhg? a /Eh% %gﬁleggsvlvére r%%g{/&f%ﬁfep Yéduced

pressureC Qhk Qiilgdtsidhd waél)hsﬁc&lﬂecbﬁl 20/88 eﬂianol'[th»hlehet(ﬁ(b ali 3 2) lmhthen
| abel ed toQ i te t identit

concentrgted agaive eThet éll‘F BSR4 8y Uy ¥ cpow (S?mﬁli] 59%1 PNJléte powder with
9 d 1H), 5.92
98% pur?tg*zﬁtﬁﬁvsf Wﬁggg%@% @3 LU qIE),(R8T(2H), 7.51 (1H)

frigerati Prior to adm ni stration,
(2H), 3.8hW@H) ug product is reconstituted in an appropriate

[00423] Véﬁt&ﬁ? I—?éR? Wé&ﬁ&@g bt $aNLity &%ﬁ?@éraﬁhﬁnﬁ@w%hz&e abid methyl

a car bonat ed bevera e, (le ce,

ester (6(@& temmbalbin dvdrars BB Y240mi) ves. ad@e iummghxlfmme (75

o R AR R oyt e

mL, 40%5%@&1&%0&%\&@@@@9@@@5 v@A|stirre@ Gon N pt @ temperature

The prec1p1tate was filtered off and the filtrate was concentrated under reduced pressure. The

residue was dissolved in etﬁylacetate (400 mL) and then washed with water (200 mL x 2).
The solvent was removed under reduced pressure and the desired product was crystallized in
60% ethylacetate in hexane to yield the desired product (81g, 83% yield) as a white solid.
'H-NMR (CDCls) & 8.18 (1H), 8.03 (3H), 7.48 (2H), 7.18 (2H), 5.61 (2H), 3.82 (3H).



HYDRATE THEREOF [ 00443]
3-[5-(2-Fl uoro-phenyl)-[1, 2, 4] oxadi azol - 3-yl ] - benzoi c
wa@eood/1om3® pharnmaceutically acceptable salt, BOI/W81087/008268

or hydrate thereof is provided as a vanilla-flavored
(e.g., by addition of vanilla extract) powder for
suspensi on. The drug is manufactured under current
Good Manufacturing Practice conditions (cGW). The
drug can be intimately m xed with binding and

[00424] 48p9PSrMN-DEFlagebersoykartaittidey)-bamubisagil sipshytiestsy in toluene

(500 mL) e ey R RO i Dol AEPHANED Thi 26D nlfure

densi
was stirre® 9 ¥ &t Ifor B9he THIRRELY pieoipidate wwﬁhetednoﬂfmmi th@ filtrage aﬂas

concentraégg@r;pt\lgﬂlgtgg agz!uggrtl :tﬁjue%:gl ’hfep éﬁﬁlrﬁ% ox %bg&% ﬁgﬁz Was
4 )2 t;) 88®Ing H), 8.38
obtained ééao‘ﬁ’mges%%wfth gagu‘{m' XS (vaabggtw%omrg? %boutmljog 0
(1H), 8.151¢H)% 7. sat@Hb hIHEHY3 G
[00425] T b o1 bF S ofe: - PR xJo)-p'l{e?l?'l% RET I YE ﬁl?Jb]anﬁﬁa a6idanethyl

armaceutical f y -acéept abl e sol.va

ester (3.3811 1hy1dfoa)t ia mm (40pin]) Bresiadided | SM anecaus fa0H 61O B8 tlﬂéﬁ%lol)
of the total for a h I
The reactioghdREHHE YIS é@fi\}ﬁeﬂef ?E %g &ﬁ & {1’}1? Sgéak'xfb'%lﬁéeﬁt WG rttd6véd and
the aqueol® kmdgesﬁ Was eilutedzatm(aaterasmmd; argl thge acidifiest with aqugoys HCL.
ovj de tas manni r
T o e G g BTl ol 0
then dnedﬂxsﬁﬁ@ lyophiizet. PPhOdesiRd 2Ol (}).Oggﬂﬁ% yiel@) w8 obtained as a whlte

t d
pover S NI S A A BEL B Gav. 1710
= H)CBIBBYRER.51 (2H); P*C-
o S DRGNS 1 e e e o
NMR (DgDINSONE!1 72.71i b6 38AIBGAS, 36628n1 5. S 380k R51.78) (3iefd; 131,08,
| abel t a t
01, 12035, A58 I 577y PO N sty ponon
[00426] ?HQ%&QQ&?%ally%Gé’eiﬂtistﬂ? Sélgi m}g&wﬂlﬁdrwgelﬁﬁ) 1.2, 4t]oxad1azol -3-yl}-
retfrigerati on a 0 rior 0 ratl
benzoic adben RyPreparsd seinerShasokaTE (06 Ol %}F 3t {1 godium
salt can b gArEfEeéi’Es ﬁ;li&'&%f W&éﬁlhﬁ&k b¥33s gmla&quawqmp 4]oxadiazol-3-
f , a carbonate beverag <%§1é§K eous
yl]-benzaip pbld rBthE]eeStQJ d%@g,fldddnﬁlr) ip ABLF 9P pfyvas (3 \ELES
NaOH (1@@%%@%%&%&%&&&%@&%% 2hat 100°C. The

FAZQL: 3- YLI - BENZO C ACI D (R A 12t
organic SSHARMAGE h@dwndaoeEeTabprsse Td th agupeusRIuprDraT #ire

at 5 °C. %FI gvgécg é{re%lé‘f' 4l W-EQ itk o6 g.na ?heof'i‘l‘ﬁlﬁﬁeg\ﬁgs SticBSirAe@abeh

i's conprise multi ple | am nated
precipitatedlysjain inhasterelhe white dekf’aprei*hqdayléh coldwaterandhan dried using

ophitiseE ok ASisg A Sa Y0 Dl BB S GRRL g it 55.6%
pux‘lty(];iﬂﬂ?JUl,t 1000 ng of 3-
5-(2-fluoro-phenyl)-[1, 2, 4] oxadi azol -3-yl ] -benzoi c

%10"& ! eﬂ&‘ﬁﬁkmﬁﬁﬁe%b%sﬁﬁst MIPEXFION-

Aﬁuﬁ Vi BROSIE S _(and tnerr proportions

Ferfrutat o wer ght) optional Iy include

[00427] emehﬁésem exdmplé abts d‘nmhgna&ussl@tlve desinhg regimanusefubfogdiae
treatmen-lt-% ngns]éérllse-mutatlon-medlated Cystic Fibrosis.

[00428] 3-[5-(2-Fluoro-phenyl)-[1,2,4]oxadiazol-3 -yl]-benzoic acid or a pharmaceutically
acceptable salt, solvate or hydrate thereof is provided as a vanilla-flavored powder for

suspension. The drug is manufactured under current Good Manufacturing Practice conditions



Tabl e 13. Fornul ation Ingredi ent Weight %
3-[5-(2-fluoro-phenyl)-[1,2,4] oxadiazol-3-yl]- 25.0
whenwzora3aci d or a pharmaceuti cal |y accept abl ePGHIS2007/008268
solvate or hydrate thereof2ditesse(r) Utra 24.75
Pol yet hyl ene d ycol 12.8 Lutrol(r) Mcro 3.7 Mannitol
25.0 Hydroxyethyl Cellulose 1.5 Vanilla Flavor 0.75
Crospovi done 5.0 Cab-o-sil 0.5 WMagnesium Stearate 0.5
Talc 0.5 Table 14. Fornul ation Ingredi ent Weight %

(cGMP). g‘hé fortdlfitiarocamr- inbledy bindidg Qndflguspmaijngggﬁmsg sytfpctants, and
enzoi c, aci

various miWr §X¢iRieHs 'ﬂ‘?‘(ﬁ"ﬂf’é har rm ﬁ:lglgl f@!f Q%P bt g{-@%éﬁ{ be packaged
in 40 mL @@k&@ﬂh 28RSt p&yzdthglenés [HDREObdttigs deatedovith 7 foihsrnl aod a

white lastie QPR TeP S NS DoE Sarmas st U BB acbdy

substanceF@nﬁﬂ iShk 09 &f thYRGRE Bl riMlavloRaw&kRt. 0ARerhfivid D, lthd hﬁxture can be
_ sachet Is then labeled to indicate the identjt
provided igraspchetformnlations syeh ap set farthiia Examp Ipigp St(ﬁléd B2

proportlorgJ (#kgthg ll’cpcﬁl{ t%%ﬁlau@ﬁ q’vetlélﬁg MM RAEspAHIAE At (Ext@se@ Ultra

I geration . Prior to admnnistrati
[refined palydapppsqjﬁ 2 ’é%}; m}ndmgfagpwéhatrqgg\ W@E’lde taste-mas 1ng

(manmtolr—e 596%), é&{"a%ganlt Qgents (polyethylene glycol 3350 —12.8% and Lutrol® micro
F127 [poloxamer 407 powder] — 3.7%), a disintegrant (crospovidone —5.0%), and other
excipients, each less than 2% (hydroxyethyl cellulose, vanilla flavor, magnesium stearate
[non-bovine], and colloidal silica) can be present. Bottle labels indicate the identity of the
dfug substance, the lot number, the amount of the drug substance, and the storage conditions
(e.g., room temperature or refrigeration at 5° to 8°C).

[00429] Dosing of the drug substance is based on milligrams of drug per kilogram of patient
body weight. The dose of the drug substance can rounded to be consistent with the available
bottle sizes. The dosing scheme ensures that the total actual dose given is never <50 mg
below or >250 mg above the intended dose (i.e., is always within 5 mg/kg of the assigned
dose level). For example, a patient weighing 40 kg being treated with the 4 mg/kg dose
would have a calculated dose of 160 mg. This patient would receive one 250 mg bottle (250
mg total) or 6.25 mg/kg/dose. The same patient when treated with the 8 mg/kg dose in the
evening would have a calculated dose of 320 mg and would receive two 250 mg bottles (500
mg total) or 12.5 mg/kg. The same patient treated with the 10 mg/kg/dose would have a
calculated dose of 400 mg and would receive two 250 mg bottles (500 mg total) or 12.5
mg/kg. The same patient when treated with the 20 mg/kg dose in the evening would have a
calculated dose of 800 mg and would receive one 1000 mg bottle (1000 mg total) or 25
mg/kg.

. [00430] The reconstitution and dosing of the drug product is done at room temperature. No
specific warming of the drug product is necessary before reconstitution. The drug product
can be reconstituted with any pharmaceutically acceptable solvent (e.g., water, milk, a
carbonated beverage, juice, apple sauce, baby food or baby formula). For each 250 mg bottle
provided, ~10 mL of water or other pharmaceutically acceptable solvent is added to achieve a
concentration of about 25 mg/mL in the total volume of suspension. For each 1000 mg bottle

provided, ~20 mL of water or other pharmaceutically acceptable solvent is added to achieve a



an appropriate volunme of a pharmaceutically acceptable
solvent (e.g., water, mlk, a carbonated beverage,
W@ xoca174appl e sauce, baby food or baby fornul apCT/6S2087/008268

EXAMPLE 13: TRANSEPI THELI A263POTENTI AL DI FFERENCE

(TEPD) ASSAY [ 004461 The neasurenent of

transepithelial potential difference (TEPD), also

known as nasal potential difference, provides a

sensitive evaluation of sodiumand chloride transport
concentratom of albqut|5|0 msglorletrothy tetpl volumeat sel%pelngwm SugRansionsof pbout

150 mejey oo 55 60 ighd? i AEES R PBUART A Fhatiaehions)

acceptablélholweritQQ adddduton thﬁér)&stud')hmedloétldﬂ,abe me]B@) |1gc¢np|efl ondshaken

vxgorouslx g}'g‘ﬁg‘gé&? g. (51|1t|6é)| se}:c?rgjég gghé%?ﬁ%ﬁgtg%ﬁgsp%gmn Although

the suspefdiéh RiaQGefhdIrEin the Sfrginlal ﬂhﬁﬁd battle ddthegt tr24 sours bdfotfomgestlon it

s oo sty S CORRBRE RIS T &by o mr

than 15 mit€BetdeBn S&dOnSERAEN hAd Hbsihg MBE bettleshotM befrestidken ivigorously
conduct ance equal to or nore electrically negative
by hand foh ghoutsdQuseepnds general |y considered to be in the

[00431] ’ﬁ%ﬁ@ﬁérft 1§Q&ﬁlru£5%@ coRBRERSNER 8s A ¥aRkecRAryi b p’mﬁ{ havmg
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or susceptiblesa havisig @.ysmc&lwae ahlg 13 sedorhistieRe el fpsipg Fopimens

t hel | apRfkeufian
for 3-[5- (ggie%org g\%}lﬁylﬁgigﬁ\)hi%&%l %Fg] :bg%ﬁ{‘? génlg‘ﬁgrﬁtﬁ)h eutléBy
acceptable lsalt asoilerte ot h]acka(el(hcmbﬁyhenelraadmmlg@pon Agcurs tlasge times per day

O
at 6-, 6-, B PaguEIersdR Lt éép. o R4, 1 [OTPAPRRESAIB P AR £5200n 2
partlculalf aﬁbcbdlﬁieﬂt ythepatidne is almioistdred 33édat@mr@fphpm;l)-|{ bR lexadiazol-3-

rotein..i tran n
yl]-benzcg% gl ﬁ)é gceugﬁal)b%ccgafsaep it %%g% hggra'té)lﬂéhe%? L9set forth
in Table PI @é@tituousByBt 14 dhyd)foltdveediay I 4 dhﬁs Wwitheutdreatibents frdlowed by an
TEPD chl ori de ,conduc

d
additional . et AU BITAED: EIBRE B SR BY | By A hement. Tn

another paf@iaSerhbGlimRh€ tie Hﬂiﬁéﬁi istaahhm%terctdm-@g{ﬁ-tﬂmm-phelt}h)}
presence, functional activity,

(124 ToreitszoR S L1 ETEpIa O PRI KLy AGFeriarle iG-S i Bcpydrate

thereof ags?t 5 iR fl"agji:-rﬁ SnkinMbisly fcf}alttl daysRpthréd d4lyddses be4 mg/kg,
ect eé gportlve or II|at|vetreatrrentsd 114
mg/kg aroF8 g/k fpuewpcb xulﬁldeyewetémlﬁ Beptments JllosyRdcly 2 itiona

days of a%gqr{]nﬂtrﬁﬁgﬂ SOmAD 4y lci()QQSS(?]igl?) x%gmgb 'l@tn'xgﬁé an®P0 mg/kg, followed by

ance 1s eVI nce t val ues can _correl ate

an addltlmnalh4tdagrsd76g"roe1e troftrput. anmrd?@b%’imeintﬁh agipgle daily dosing

regimen %{2{3‘819(?1 @J%bf(:egg’\bfg 8&%@ Yach etIn %g'fer enﬂ:%&zner%‘ rdlffe:rent dosing

regimenfieA m‘dmth m]Tal:’llE(lﬁ)caﬁb@&'etB@@ed oxSérffmcnt@a‘-N&el us et aI
ﬁg Respit. Crit. Care Med.
Table 11,7 t’@‘)“.g mf031) In WO 2007/ 117438 BCT/ US2007/ 0g8268
271 partjcular, T E’l(lél)%lﬁssessmenfI

I sopr ot "é’l‘@F i nd R chlorl. 5( TID dosmg
denonst r bet te reu gt | han in
deterni m EV 1 ﬂ; s“@or g %{
1997, Eur Respl r Dauly prfmgin mﬂh‘de mﬁn
condi ti ons “‘FEPD assessed chI ori de hannel tx( y
is very- 10 AMIy to AMEEE ze sp gl}gouslyﬁw

pati ents1:00 PM 4 mg/kg mg/kg

~7:00 PM 8 mg/kg 14 mg/kg 20 mg/kg
Abbreviations: TID = three times per day



with CF;, any observed inprovenents in TEPD- assessed
chloride channel activity are expected to
wa@paailiiseal | y denot e pharmacol ogi cal activity BET/US2007/008268

CFTR-correcting therapies.264Accordingly, it has becone

the primary endpoint in Phase 1-2 pharnmacol ogi cal and

gene replacenent studies ained at correcting CFTR

dysfunction (Peckhamet al., 1995 AJ. din Sci

(London). 89(3):277-84; WIschanski et al., 2003, N
[00432] Fatights prefohdtidy 13ahd BjughdifiinS0)mingtes i@ ANRaL ideallyghyrug
will be tamggg%q%%% n%%cgffm)ur 1% r&ﬂhk %t LPDy ?U%M after breakfast,

fucosal tage fromeach
~1:00 PM&Sr Thhcl fnd at PAODEM after supperdu Petiemts mgesUﬂ-Wldrm by 8iling each
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683-92; Amaral et
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trafficki ng) Successful production of functional wld
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ed .
[00433] thmm&hlmam;ﬂe gete f(élﬂl andylstr@tnvqaqlosmgmg_memwefgl for the
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[00434] %WLﬁubﬁ-pWﬂdﬁbN@%lmyﬂ]%ﬁ&{mM@la Phdarmaaentically
acc:eptabf UngL Iﬁtglgattee@lém’ rag? Udl Esq FIE'V %ﬁ@?%&mﬂﬁdﬂ%@: é@ pg@dex‘s'i'foie

procedu
suspensx@ﬁ’ STHS QRUY B rﬂin@&dtﬁﬁéﬂ&hﬁexf dlmht Gnod IMaiufabmgng Practice conditions
VEF25- 75, FVC, and uI a dEV % 3 bf%cetgnts and
(cGMP) Tk Soailgiaer s ekdh by { ssbeping L ‘

various rﬁﬁIo‘r %{3&1 1éMtt§ ﬁa%d(xﬁﬂ%i’n&ﬁﬂa@hﬂgg ﬁﬁbﬁeﬁ Qﬂabaﬁmonﬁ cﬁﬁ! hel packaged
I-1ntective ugs e cuyssi on
in 40 mlplaps(Tigh-deoHPopG U g6t RPN RAEAea e TR S 1o Sedl and a
b af126y350 6r 1000 ®gicf the d
white plésT*a él{lrd?,oéfoéap tgfh U@gggﬁ%ﬁens yzoozr l e drug
substancpuwmyhgs 259% of thegggﬂ g)rﬂulatmelghﬁ %{t?fé‘?nb‘g}’ A g}li;ture can be
prov1decf fﬁ%§4cﬁ?te ?Ei'ilkﬂ%nnﬁﬁﬁ% &t f0AN &n Eﬁﬁﬁplesme\Bx&glents (and their

| Sease severlty prelct nor Idlt 1N
proportiom afithe tothkformulagiancveight) ineludesnsusperdingagsnt |(Is¥t%?tSF@ Ultra

t SflicRiE Adskin
[refined Pﬂ@gi&x ?fq Br i 947% %&@%ﬁé@gﬁ%ﬂ/ OS2 o‘% 1068268 272°
(mannitéldn210%4)y srfatant 6erds frolyethyltrrglyoel 3F50g< 2496iand dytrol® micro

Qth

F12 oG e TS TR e SRR 3 ) e
excipienits, RaélSie8s than 2% (hydroxyethyl cellulose, vamlla flavor, magnesium stearate
[non-bovine], and colloidal silica) can be present. Bottle labels indicate the identity of the
drug substance, the lot number, the amount of the drug substance, and the storage conditions

(e.g., room temperature or refrigeration at 5° to 8°C).



pati ents. Novenber, 1997). Pul nonary function testing

is sinple to adm nister (even in patients as young as
wQ@ 20ear®3®f age), and uses standardi zed equi pnREL/US2A7/008268

techni ques that are w del $65avail able. Interpretation

is perfornmed using well-established normative

equations that account for patient age, height, and

gender. Inprovement in FEV1 has been acknow edged as

quantitatively denonstrating neani ngful clinical
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[00437] For a BID dosing regimen, the following rounding of drug dose can be followed:




pl an, study procedures (including TEPD neasurenents,
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[00439] E}?;ra{n%%%? 1%7ald9nqgl'%16ered con%muously for as long as necessary to a patient having
or susceptible to having Duchenne Muscular Dystrophy. Table 12 sets forth illustrative daily
dosing regimens for 3-[5-(2-fluoro-phenyl)-[1,2,4]Joxadiazol-3 -yl]-benzoic acid or a
pharmaceutically acceptable salt, solvate or hydrate thereof wherein administration occurs
two times per day at 12-hour intervals (e.g., ~7:00 AM and ~7:00 PM) or three times per day
at 6-, 6-, and 12-hour intervals (e.g., ~7:00 AM, ~1:00 PM and ~7:00 PM) with food. Ina
particular embodiment, the patient is administered 3-[5-(2-fluoro-phenyl)-[1,2,4]oxadiazol-3-

yl]-benzoic acid or a pharmaceutically acceptable salt, solvate or hydrate thereof in one of the
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dosing regimens set forth in Table 12 continuously for 14 or 28 days. In certain

embodiments, a single daily dosing regimen set forth in Table 12 is followed each day. In



[00477] 14. Ongoi ng use of thiazolidinedi one
peroxi some proliferator-activated receptor gamnm ( PPAR
wQRooagonBst s, eg, rosiglitazone (Avandi a(D or PCT/US2007/008268
equi val ent) or pioglitazon2s7 (Actos(r) or equivalent);
[00478] 15. Change in intranasal nedications
(i ncluding use of corticosteroids, cronolyn,
i pratropi um brom de, phenyl ephrine, or oxynetazoline)
within 14 days prior to start of study treatnent;
other embb@fderl, difereihimie feginversasetionth ini Fablsld gambefadlowed on
i nhal ed corticosteroids within 14 days prior to start
different dg@ySst udy treat ment; [00480] 17. Use of or requirenent
Table 12.94sihgBah&fe gentam cin or ami kacin wi thin 14 days
prior to startjof study trzatnment or du¥ing study 4
Regifdefidt TeMBID QBSlBQO48ﬁID1@osuEEqU| r ambndosing  sy¥TRmosing
am nogl yc@smdeoednt i bivith@sodvi t hi n viithdeyd pri evith food
Schegﬁl?rt of csdthhouls’ atEREhuol®0482Continuous  Continuous
5 (%a'i_l %&xﬂnphemdl} A[dlm%a. 4] opafly agivhin3- YdihbAdatinc

X rovided ina formakation described herein.
~70(ﬁ\ patlent§n(l from ay g 2 triay 89 conmumigAc
~1: OO'IrMI sr ael 0 fromgag e 2 trifhy &Ny C O1chbngyigel

7 OOM he Uni g at es; ﬁfﬂ pat| eny§ nygkg mal e2eehg/ke
{ l_e a nedi an age of 22 years;

Abb’e‘“ﬁﬁa"gr ﬁ'ﬁgatﬁhé’n S 6 g | e signs and synptons of

[00440] 13%&?&&:‘% 'aﬁfré?xﬁkt%red' tH§ 'di—L@E @&hmmﬂaﬁéﬁﬁt&fa thetgideally the drug

adm ni st ered
will be taBetﬁ Bt a(@r@hmateéy Ehénghd 1%41@ utervalsi(agoat 37:P0jAMafisg breakfast,

~1:00 Pl\)ga)%,t[? Ck?r §00.4: @otﬂﬁ afteP 5P Patien@aNg e BRULLE by filling each

Ion O
bottle withths f@nn‘eu lamommphéwyte) of other pﬁamﬁﬁn&mly@mﬁblﬁ Y Bite

aci hree ¢t er
capping gkt ey POT L3 ey 00 Sposrt s e gk sountof
volume fidn @iy Bot{1Eysing aﬁ,orﬂmwlrgtsynggoﬁnQ Blgéslyrg thefcohteptgedirasily from
adm ni stratign
the dosing sygnlge? ’lfl}elfglp{)e ﬁﬂ%‘H?‘ieji vpiunée 21° g)%glastlat%tgfl dgu%/?cjrreg,goréc(l)m% to the
dose is t@6d fia.k%ﬂ afe(/s}ll(et m]gces ATRE ingbation 3f {Be dang,1Be dusikgsyrizershoulg be
and ng/ kg or

4 da foll owed. by no t
filled with4he game velopme of @ate% &% I?l'ﬁéma?euélga §%3ep{aﬁ%oﬁ§%nt af'the dose
volume Qxd Q#&ﬁ‘él b8 lReALS NEpRiY AT Matase yﬁJIGB@er Le.aoma (e edrriegisout
’ orth above. TEPD _neasurenents vver i or tto th
once. IntqeaammbOChmén@nthéé‘y%g ispravided gs B\Saﬁ%l MV‘S“ S, the

afﬂkﬁf. 88 o¥afeasitbd afd edmsrremva&chl
appmpngte r %15 L%rflla’eéﬁ/t%ig%“ or to treatpent and on
appropndayﬁlaﬂmamdczﬂly meﬂybleéo eRhBriey /(0 admnisEgiofnar v
t daﬁyjm MeFi22 tid chaMdEeSrom a basellne
[00441] E%?tcgcryewéaﬁg%&% gﬁ {%}{ éiz%lt(eé\rilétgé on day % AA% e .2,
measuregi@yt dﬂdmopmndev@ym @brppsuanﬂﬂ@afyomumle E&teaﬁoréy%lr%“@ revis
in the study being conducted in Israel and the sane
(EDB). paranmeters were nmeasured prior to treatnent and on

day 13 or 14 of cle 2 in the stud belno co
alﬁlmm’b 40 l,.; RIAGHON IO K ALY D DE E%OF&S-

a
l-.-‘-

QL

chl q2FIUORGHRHENYA)-[1i2. 410X ADIA L YLIBENZOIC ACID OR
chan PHARMACEREI oAy A& AP T AB b & Ad T LVATEOR
tr eFANDRAPETHEREOFEPD chl ori de conductance w thin

[00442] 3-[5-(2-Fluoro-phenyl)-[1,2,4Joxadiazol- -3-y1]-benzoic acid or a pharmaceutically
acceptable salt, solvate or hydrate thereof is provided as a powder for suspension. The drug
is manufactured under current Good Manufacturing Practice conditions (cGMP). The drug

can be intimately mixed with binding and suspending agents, surfactants, and various minor
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proportions of the total formulatlon weight) optionally 1nclude a suspendmg agent (Litesse®

Ultra [refined polydextrose] — 25.7%), a binding agent that can also prov1de taste-masking
(mannitol — 25.0%), surfactant agents (polyethylene glycol 3350 —12.8% and Lutrol® micro
F127 [poloxamer 407 powder] — 3.7%), a disintegrant (crospovidone —5.0%), and other
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Vanilla Flavor 0.75
Crospovidone 5.0
Cab-o-sil 0.5
Magnesium Stearate 0.5
Tale 0.5
Table 14. Formulation
Ingredient Weight %
3-[5-(2-fluoro-phenyl)-[1,2,4]oxadiazol-3-y1]- 25.0

benzoic acid or a pharmaceutically acceptable
salt, solvate or hydrate thereof

Litesse® Ultra 25.65
Polyethylene Glycol 12.8
Lutrol® Micre 3.7
Mannitol 25.0
Hydroxyethyl Cellulose 1.5
Vanilla Flavor 0.75

Crospovidone 5.0
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cells and lower respiratory epithelial cells. Because of the role of the CFTR protein in

transporting chloride ions across cell membranes, and because of the absence of this protein,
cystic fibrosis patients have an abnormal TEPD chloride conductance. As an endpoint,
TEPD has the advantage that it can detect chloride transport changes that are a quantitative
integration of the presence, functional activity, and apical location of the CFTR in airway
cells. Furthermore, it is a direct measure of CFTR activity that is not likely to be affected by
supportive or palliative treatments for CF (with the possible exception of systemically
administered aminoglycoside antibiotics). Of importance is evidence that TEPD values can
correlate with the degree of pulmonary dysfunction and radiographic abnormality (Ho et al.,
1997, Eur. Respir. J. 10(9):2018-22; Fajac et al., 1998, Eur. Respir. J. 12(6):1295-300;
Sermet-Gaudelus et al., 2005, Am. J. Respit. Crit. Care Med. 171(9):1026-1031). In
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CF, CFTﬁ%‘tﬁHﬂi@ris a@&gp%e %" {EphtieRizehohesyapys bt a promami) stoif Inmtatlon) or

I re muscle mhenever possi. bl e s
is prlmartlm @bm@dsmhe Peﬂﬂu@ﬁ@f region (68> R BRIEHS 2"’6‘#? %&? m“tatm“ that

prevents goﬁ'ﬂakdlpfk ‘i’ﬁtra{c‘éllflfa? %Mng)t B&coRbeFal ﬁo&@c&ﬁ‘irmiﬁﬁmstmnal wild or

Into at

east ggrrents and thj% ﬁ?‘{ 4 with
non-wxldstppe CFOR protdieén b@lthcmllmh'enp apgh patgnts hasRegp gpsccated wi
reappeargrbcg Cogerzrtglclap épl Yial Sgﬁ prgteflﬂ 988484 by hnRindPS¥rescence (Clancy

ace on a telfa gauze ﬁo%nm st ene
et al., 200 } Avn. JRi Regir é‘r&alfanarel\/!eém@bﬁ)d@? Wi Nilsebanskd efale

er a stereo dissection mcroscope to
Engl. J@ﬁfia%#(z%mﬁ{ager orientation. The nmuscle is then

6 TEXAMPLESi 5 ®GLMANARY. ;ﬂ;ﬁgg’rlgm EESISs sect i onal
f f
oosen) TR FESETLINS  Sghf 0 YN B s

using stdiﬁtiﬂltdt spirohetgl provedunes. t Amsesmugit Oﬁnulmbngrp'afynpthlh@ncludmg

MEF25- 7§3€\§§t %ﬁsfletpg?tpcgll@-l; ei‘%qlql) thca)w%\ g%l x l?ﬂ_h&;vpe ggd 60aLfktive clinical

ogen reservolr
endpoml%riﬁ' phdfls withi CF (Fedaoarl Dtdg%ﬂmqusttdtmap&M Antrlhestive Hirugs

m nutes of slow dISO en [
Advisory, GReMBIeRRISERION 1 NP Fre el f"?éfﬁ‘wt% (§0bi®) for
the manhg¥nfenP bEEPRAUCTTLrbSI8 phiiéhts. November, 1997 Tlddens 2002, Pedzatr
Pulmonol. 34(3): 228-31). FEV1 and other pulmonary function testing measures have been

shown to correlate with disease severity, predict morbidity in terms of health care utilization

and IV antibiotic usage, and indicate the risk of CF-related mortality (Food and Drug



nitrogen and stored on dry ice) foil |abeled with the
study nunber, site nunber, patient nunber, date,
w@adoran43g nitials, and foot side (right foot oPCT/E81007/008268
foot). [00497] Al sanple 2Z8Bntainers are clearly
| abel ed in a fashion that identifies the subject and
the collection date. Labels are fixed to the sanple
containers in a nmanner that prevents the |[|abel from
becom ng detached. Sanples are shipped for |
Administratiah,y69nd/Anti-InfeetheaRtugs| Adwisdrp Wonumttegi Risenssicn pENDAfor
procedure | rf ' ai n, 3
tobramyo B A B (RGN BD (op e R ALY RS HLRE T,
patients. No¥editer11997).t Relnhbriaey Hanvtion testicg tishsimpdeltocasinaiinisterf(evensin

. protein are enployed.. For detection of
pationts aRHeuER R T B LIRS Wore sepmd capeyleal aff LRl hatac
widely a g&lg@.ofﬂt@xilrmd‘ﬁtpe@forméa um}g -welBextatfished noghatdarequatiehs that
-dystroglycan are use en possi
account fepyaticnbaass beghb 2Ad €Fp ogvlpr%vetr%é‘ i ﬁé‘?i\é‘azhs‘?ny%“iké‘?‘mdgw

as quantit%ﬁ@t%lg%cﬁfoﬁstr&ﬁl%trﬁéeﬁﬂn 1 SliRcAlasEReft inalK,@ihd has served as the basis
nornali zati on of

the Tluorescence inte Sl‘ii ai nst a
for regulatonyrapprovishetdemagsetl fandsid inhalgg f%%c‘gt(gf’% hod B y
AdminisﬂgppémMﬁaneQ{ivé PtrH%seAH@%bx%r\@mﬁHﬂttéd. Mascussivilof DD A tfor
a he conp t

etion of the study. Tissues are, afl_so .
tobramycjxt suletierefbr finhalatisne@iobi®) &1 thyomapeerment a8 gystic Librosis

. CT[ US20 08268 279 dystrophin, the sarcoglycans,
pa“ems'gr?&e#%rd%érbgl ycan by Western blotting using the same
anti bodi es. M croscopic i rm%es are capt urelg 3
6 46cEXAMEL] FRHASE 2 STURY QE 3-15,2-FLUOROSEH -
FOR
at [ ‘
t | SNONSENSEMUY A . @ssays
of MRNA and proteins involve i ni ng

[00449] PRAeN(ehaf Ravebth&idl 6¥tha fellawink oyaditibng todsedligible for enrollment
detection. [004981 Muscle biopsies are conmonly

into the stedyt or red on DVD subj ect s as a conponent of diagnosis
[00450) fipﬁi oBEAF s oh RBE@RGMES EvidEARCIS d dorichsivedy bltndrmal sweat
of r

search studies. EDB has  been choz{sn because it.
test (sweatchiotidarc®adisflitenby pileearpine dentgiqresis ghe(Gnys; dwead jgsting:

I MRLS SRk ISR RE1iA&S — Ravéh Behigss ANational
Sample @Eﬁé‘?‘?’g%@ congdetﬁ%ear?%gsfﬁ;b&? ﬁev% g% eclt. Because it is 1
Committet o GlinivaldcibotdieryEiandarde 2@00; Yol 20l 4B y t o

enonst r at e. supst dal ] I & P Sdititdigahes mv
[00451] ?rn g‘%flﬂﬁgapc?‘ %133 €S @Ilayrtllogﬁ 5&%%%%? gyt@seg??%?é g.etlg ction
TEPD afbssehent bDelbridesatetidn with cBonideifrag anfiloridecandpsoprgtsasnol);

of fers additi onal pract.ical ad joboad S
1004521 3 B57sbnh Qnonse Dol B SYERL G, BF B J7E dehe
[00453] aN@Richigshation fitht gfip genkesequedding havbecamsdiormeds tissue

to carry out the required analyses.
[00454] | 5vi\gsc3 IS 5PES cence and Western blotting are routine

wo“sﬂ@%ﬁ,@&éﬁ@ﬂﬂ(g@n nmuscl e bi opsy specinmens to confirm
t he presence or absence of full-I|engt st rophin.

(004561 S Vo450 BrepRf 107 agey BEHEE 1 Wigh TRl ety

(Knudsq%i,@g S By, RMDi 95t prAtiossy3el; dystrophin, with
oca

I'zation to the nuscle nepbrape, has9 ?fen .
{00457] cb ¥ivgen satuzation(ax meapusd Py PUSE OFREI )R 2P C]AQO™ 21r
AV FBEROINRHidte Aiicht, tHhot Bavpicamy Beetile, tox99@in from
[00458]%' ‘gllﬁﬁénélggggst . 104(4): 3%- 81; Poli tag%o, y20,03, Act ah
sexual ibfigmionrse 2 tmpldy @ byrrier or medical method of contraception during the study
drug administration and follow-up periods;

[00459] 10. Negative pregnancy test (for females of childbearing potential);



6. 18 EXAMPLE 18: UPPER AND LOVWER EXTREM TY MYOVETRY
(004991 Upper and | ower extremty nyonetry are
w@eso7otTaegl usi ng a hand- hel d myoneter fol | ow PQI/US2007/008268

st andar di zed procedures (B2Bnakker, 2001, Neuronuscul

D sord. 11(5):441-6; Hyde, 2001, Neuronuscul. D sord.

11(2):165-70). It is recomrended (depending on the

subj ect's baseline functional status) that eval uated

nmuscl e groups include hip abductors, knee extensors,
[00460] 18l WaWirdneswarsl abflityeo compby w1thanh|edmémbwguts, grugsad rtastEgtion

asses nents r
pan, s rcaurg e T el R AP AR s
Samphng)pg,li@&aangésmafo@sﬁon| tored prior to treatnment, on the

reatnent.. an durlngafollow-

ond to | as é
[00461] ll?pAr?élﬂ‘iydﬂ PEIV ‘?Wf‘%tgﬁt‘ FRed epRPRY 2Pfe pre-tr eat nent
[00462] 1@” @vﬁcfe%@é HFﬁérs&ﬁllly edtdnd daedniafonnedpoasend doesnentdndicating
formed prior to e nuscle biopsy., 1005001 Myonetry
that the p&mébeménmffé °5aH é’ﬁﬁ“’r‘i’@? 681’&%%&1%‘% “are a
[00463) ﬁ‘?e"xgﬂn% V8 oR8fy of BRBHSIN QniRRHY eRclblicdt patientFtore egidliment
I'n

atory and non- anbul at ory subj ects (Beenakker,
in the stud001, Neuronuscul. Disord. 11(5):441-6; Hyde, 2001,

[00464] W%IO(% %‘ﬁ?!)mg %aq conciﬂl()gXe §6§03(99ﬂ‘11tdrﬁ‘i1§[685 5}$s9éhlatnc

ects W th nuscul ar dystro
condltlonhalghhcélﬁrmhbug 2bwie), 200lival Disg, PRIt Sod oot OsS e findings, or
laboratormgrlx h IE}? rt(l)er 13%«?3?1%?%‘@06)3;%8 Sgoulwﬁi\?ersea? Qﬁfect the safety of

conpar ed
the patlerft’,Hxlﬁﬁlaés 1m.iﬁl¢1ke&y gHat &mgttdmrstescs&traagnem ﬁgkl(p»y—upswgulﬁdqeésompleted

ensi i ve and Ie nmeasure of nuscle function
or could %‘ﬁi‘ﬁlaasesﬁf@% /&Hﬁ%yf S‘ﬁﬁys Med. Rehabil. (5
[00465] §U@H% in©46utd Zlness Tttuding heuranppe ardavtet sespidatbni wfestions within

e evaluator (e.g., physician or physical
2 weeks ‘?ﬁff@lff‘a%%?ist“éy g2 LE 19: TI MED FUNCTI ON TESTS

[00466] boﬁﬁ%% oF 6 oMsiidatibng 65lusg |dmhwxend1udmgtr@deanmasswe
roma supine OSItIOﬂ tinme n tOtV\B

hemoptysieoe pseumh%a?i}rﬁ'@akg MQrEhPHGHIC Statk %kqsa%qydtf%% p&gh

[00467] %t ﬂgfxém(%ﬁg g)hlscrell%%% «chBbt xF{)b?' suiéestﬁ@@lmﬁ:aﬁ§ pniflGDPactive

(4)7383-8), These
pulmonapadlam @ﬂs%r Az CRoutinesy, étgﬂpﬁ%@F arprmalifies,sheh asifeleqiasis or

pleural efhglf 809K gthqualc%tvet SfEAEN sigHiflcahi abinee }@ulmonary

POV UP " perio er treatnént. During the
involvenene s¢condanysntCEind treat ment periods, the tined

fugct.i.on, test . 5&“5“11%11
ooses) 5580 pebEES T BIRHETHRSE hrstncachipm
lmmunoééfw'lmypﬁﬂist(mmtdstrre taken to wal k 10 neters, and
t 4 standard-sized steps) provide an
[00469] édgfeﬂ%icg? ﬁgg of functional capability in
[00470] ain’SleJhﬁﬁalb)ﬁnﬁﬂb:]ZESCg/aL The tests are reproducible,

oos7n SATEte B85t B B RSt et o

serum AEtIe AT %i %@éﬂ gel0 timesl8hppt limitgf. nbrmh/b;:i

24)
(00472) Jocutpohmal impal fhngiorEREL Ee30InE e MRS E@?ﬁ‘éL‘é‘“{‘ 86883Rel:
b1 preht-tbddEing@ssessed using a commercial l'y
[00473] Sﬁ’r Pféﬁén@f NADH- | i nked %I netic
[00474] 1 1. History of solid organ or hematological transplantation;
[00475] 12. Exposure to another investigational drug within 14 days prior to start of study
treatment;

[00476] 13. Ongoing participation in any other therapeutic clinical trial;



assay (D agnostic Chemcals Ltd., Oxford, CT). Serum
CK level s are neasured prior to treatnent, on day 1
w@ poorot748® first dose), day 7, day 14, day 21, penusmay008268
27 during the treatnment p&Hi od, and on day 42 and day
56 after treatnent. Serum CK is increased in Duchenne
muscul ar dystrophy and therefore is a readily
nmeasur abl e di agnostic nmarker for the disease and may
serve as a potential biomarker for the pharnmacol ogi cal
[00477] 14COngbing wk dfisiazhlidinediovsrmpadxiseme groliferptayeactinatzd gregptor
d. 320(24);1592- 1597 4 : [
gamm (PEAR 33 82951 o QAT (Raa B CquI D S piREReis
(Actos®c§%ﬁﬁmllérg);i ons of this enzynme in the serumare
i ncreased 50- to,100-fold in.subje e - an
[00478] 130 Sbanenaircantsd redicatur B Rk ESE Br dtotiBid omolyn,
ipratropiu?ﬂ BERIE Spitdny lephiriflé, R axgmetbboling), withia 14ndays pliar to start of study
dystrophi'es, In: Scriver CR , Beaudet A L., Sy
treatmentyy S, | Valle D, eds. The netabolic and nol ecul ar basis
' i ' sy@bRicsk inM@led cdrticdeterolas Within 14 days
[00479] &8}%&%&_"5# ﬁ,gatmf%g??g%%%szs). The | evel s of serum CK
prior to starteofistedyureaiment; noni t or the progression of the

[004so0] £ IF35& A ?erng&tﬁ& iAnd1Bd k&hitafn®din By aflikacia WG 14\ayseprior to
uce cha

exercise-in nges I ntroduce variability

start of st(@p tieatamant o2 d0dng gwdy frepgmsint; or2( 1) : 15-21), the narker
advant ages 45 Sinlogl 88 dB SnBBRtiLY withfP e HSH prior to

[00431] gﬁ?ﬂ“é‘c?ﬁ“e"’ﬁ'? ‘?Sggtg‘g’g%@ﬁi“t\%gt’ﬁ a2 widely availabl e o

start of stiidy tiebtngerassay. WO 2007/ 117438 PCT/ US2007/ 008268 281

ri.Q | i ni cal - stydj shomr \ i PoSRIHTh
B
formulatidtdeberibeddairetantl Swatiénts (Y frousa PReset ivial baigg sondicsgdhin Isracl

Dev. 17 Suppl:39-43). . :
5o SR s R ey v e
8 were fe%’ieﬁg;ﬂﬁ{tfeﬁ_fsrfﬁﬁ Ofedids apeof 25 seres;amd akpatichtsdmdpavltipht signs and
to deternine whether dystro hl? rgfiu tiﬁn ivr&%%rirwy
symptoms f ¢ystie fibrasise incfyding $q1ae Peg PR Qﬂ"é YF@E‘.& RV R
administgr3é§|t3r-g?gi—gﬁsfooﬂ’t&&i)% 2, A odthdi@zol HgH bepxpieaiiteniording to the
val'u

ether dérmal fibroblasts from ;E ’fzi ejntsa. 1-3-v1
following/i6 daplistheshidert administiatip ofddet(@-uarpPhepyl; f Hpypdiazol-3-yl-
L ' ' 6 aRK® y €9F 14 d
construc ng,” 2001, Devel opnent 128: 4623-33), i
benzoic 4did Wiref %%ﬂe%{kg%ﬁyhgﬁﬂfé@zl [ﬁig/ﬁé,qﬂﬁw h@?i@o\%’ ys,
followeddsymm s ataiant fatylst dayp KCvclprlo gersisting 9f28dayph e by
.. treat At I QRS ' L4 Qciti thiee ti
i 5 PO L PR P PR L s e e o
day (TID)rd0chi/ke, 1@ste/kgask? Gogilmfor It sless, fallpwed by pgtreatment for 14

therapy or. fo reeni ng new agents for the treatnent

days (Cy&Pe %I\f@é‘s’éépgg%%géagsﬁl tured as follows. Biopsy

[00483] f(ﬂirlﬁbéftléﬂndbsinsd werecvdluaied gisingsthe poodedives isetnfierth above. TEPD
proliferati on nediym (or PB i

messre b Vet S b8y S b 1) g 85 OB PBRFCcle 2

Nasal mﬁé&ﬁﬁé@@ﬁlﬂé& fﬂ/h?c&kc_hﬂtﬁ@n ehétenostrl ef ¢agh pa?’g;;lmidr tereatment and
in human proliferatjo ium cont ai ni n

on days 4§ arddsiof CHalehaos BERGbaIEPad G prap it YL A VG end

MEFzs.ﬁﬁﬁ%n%'rﬁédéﬁrédspﬂd? 16 freRERAB R0 of@yicle) amddyhis or 14 of Cycle 1
myobl ast cul ture, biopsy materjal is vvaslhe%thn PBS. i

and day PBOrddfafiGycde? in &w@fy faipe eordugtedp;lsiael and the same parameters

were measured prior to treatment and on day 13 or 14 of Cycle 2 in the study being

conducted in the United States.
[00484] Mean change in TEPD chloride conductance. This is the average of the changes
from the beginning to the end of the treatment period in TEPD chloride conductance within



Is added into a culture dish. The biopsy material is
m nced thoroughly with razor blades, toward an al nost
whomogensous suspensi on. Approximately 2 m  of PCT/US2007/008268

col | egenase/ di spase/ CaCl12 2%l uti on per gram of tissue
Is added and mncing is continued for several mnutes
(e.g. for a nuscle biopsy of 5x5x5mm use 1 nml of
enzyme solution). The suspension is transferred into
a sterile tube and incubated at 37C in a waterbath

each studylﬁéi'ﬁdlpﬁﬂte Forexample, ifshexctanges il TEPD chlorile coggBgiancegvithin

nute [ rie
cach of thi BREIRIGENORTd Lo Souey 2P r)-JEh Vb AGRAREStA TAVD

sever t1mes duri ng 1 ncu ation.
chloride coﬁﬂﬂbﬁah@@éinoh@ﬂh&&ﬁ@ﬁﬂic@hn@&blﬁd Hey-6.0oinYet t i ng up an

o045 A B A RS el P2 TR prene

of patients \bﬁo ALBBEARaNa mmﬂ'mm&dde JdiRluiaxtel resposseca iy érfd afdreatment
for 10 mnutes at 1200

r The cell | | t
with 3-[5-2eSuersepkRsg x2S eraRgRel - PRI deidh i GRaRdsRs ofheials, o
chloride c@chﬁ:tcPe{n%E (f'gsﬂ HEé)ls%ﬁm‘é\&hé a VEPB &ﬂbh@@ edmmameel 1rﬁpnmbllngnt of at
epen |n on the am%i of materlal1 ﬁ ?OmV
least -5 mVZEI*‘oc@khmglm it anéent i BB ghlordecondleanes Vi oh s

at basehne and a Zgi ghl@ﬂge E"( AdueiRce NGz aF LA0 eV a€ td éhdasfareatment, the

enov transterred to another _col |l agen-coa

TEPD chlmtld: cémductiyee kmpyovemeat woplddre 7} V), e 3 é‘?%f&heed

duct to the first well (3 m). The cells are cultured from
conductanCXePOPEE wel | to confl uency and until two confl uent

[00486] }’é?&ntfzg@sﬁmthmmm énproberenie df TEBPD cHeridagrndustance values

can be fro one Mbdthcall
into the nispgl P AR GORTRAE: AR ST AhCs R b Bs: bdifoally
negative B8 -0 enVie germrﬁlly‘:eddmdbmﬂ terte infth¢ hernaalrangse Agsuch, a patient

with a TE;B?DtsglFlgpPig gmaa/uc? X fegramfa l?? é—i 0d 2 raécabualgéle dé\kﬁ&d be considered to have

an abnorRAGHY Bausd thdealtierls pesd tlevigicakty pesilise thom —IS&/\mV df.zt the end
EXAMPLE 22:  PHASE 2 STUDY 3-15-( 2-.FL

of treatmantpthat patyentss AEHD ghipride g qac gga&ﬁ %&A% fhis

would re;&z gs:ént nggn{@ﬂg%&% YR AREREY bEOARS fie itypeat walneistmore

he follow ng conditions to be eligible
electncali}oneggnwgltlimﬁtOWMO the study: [005071 1. Diagnosis

g&ﬁfe | 1PN M)FHXHISMMJ& study entry was
[00487] B er%(gglﬁmkgu oty&J e agggler%pnge by age 5, .with Faurteen of the
66% of nlonnalemsiatie seran i K valg ahgudy eatry vag pOe hmeraln Fau

15 patlenésnxlnicb,lglag in g e;/%ne )% i 'rfs%\ﬁﬁ;va[%a(fo%lhﬁm with #sBidiinoMds mepuginosa, a

ortion of the dystrophin
common bacteeiahinfedtidn50 8¥stR. fitrosis @ﬁ@@nt@ tha cap Jead 4 sSHRNSANERRoNia.

Fourteend&ﬁl? g.?) R%ﬁérrﬁg ﬁg hgg g)aECrez[tgqagt%hc?é’ncPQﬁ@ %@H'cﬁfbrﬁ@?ﬁncreatlc

encr n as been perforned or, i 3k
enzyme x&?fﬂéeméhfmef@? Ii’atlemls hedidgw bednwstghts Myitha me@n pveight of 58.3 kg
ood sanpl e has been sent for the confirnmatory
at study @Rf8f.r ophi n gene sequencing; [00510] 4. Physi cal
[00488] 4B fBif)ie@&ththef ‘PEPD gesuth for thed §ipatjentsi Foncachohegspppment, the

muscl es jn bot
results are presented on a %est-of nostrils and mean-of-both-nostrils basis. Historically, -

results of TEPD tests have typically been presented on a best-of-nostrils basis. However,
recent guidelines established by the Cystic Fibrosis Therapeutics Development Network
recommend that TEPD results be presented on both bases. Improvements in TEPD chloride
conductance in patients with different types of nonsense mutations within the CFTR gene
were noted.

Table 15



feet; [00511] 5. Ability to anbulate; [005121 6. Ml e
sex; [005131 7. Age > 5 years; [00514] 8. WIIlingness
W eooahst4as n from sexual intercourse or enpl oy BCDERI00B008268

or nedical nethod of cont?2®ception during the study

drug adm ni stration and foll owup periods in subjects

known to be sexually active; [005151 9. WIIingness

and ability to conply with schedul ed visits, drug

adm ni stration plan, [|aboratory test S, st udy

restrictions, and study proc Level
TEPD Rest opsi es, nyometry, and PK sdeglt ng)E‘—’Pb!éMGM p-Value

nl tten informed consent if _18 years
e GRI BRI oo e sgnen (i aamy g
Mean of Bo et/ guar di an_consent.)..) f -6 mV yeaosopf agemvlf 0.023
Number of bdlientSwii#} 26 inVi improteyatinSEPDf age, parent/| egal guar di an
chloride connttaest al one will be obt ai ned and [0051

Best ofnﬁmlsdenee---e# ~pef-sonal-ty--si gﬂeg gg jg (f 0 p?eg:/“) <0.001
Mean Offm ocun'eng .( gcm; ({ ire 3/ ?)en <0.001
Number o Ba“?mﬁ(g%kf TPETeR iC8°g that the

conductance

Best of nos “pg ect’/ par ent / I egal guar di an/iBasswybeenocosnt og/ne@3%wf  0.008
Mean of Bt nop@Ist i nent aspects of the stsi(@¥%)shoubit be7iol@réned0.016
WO 2007/ 117438 PCT/ US2007/ 008268 283 [005181 The

esence of__an he fol,l | '
osss) B enaea Lt 5 PP PSS By,
[1,2 4]ox5’<!11b.£5'l DY) BRELHIB GeitBdhise AvelsOnekistriod Bta(wu@.ll,y smgmﬁoant,t suggesting
| ness, psychiatri conditio ;E\ ohol i S ltLg 5-(2-f] )
that furthab%%@)esc%wwy APL DS REESTARY BRG taC FToROSE 90 [5-(2-fluoro

phenyl)-[f1i244oR85azd)3 -y LGt QEM BHNBE Bﬁécttiv)ﬁ: ih hﬁ\brovmlg TEeD chloride

i nvestigator's in coul d advers af f ec
conductages c¥tgtigically ﬁ@%ﬁg‘fﬂ“ééfts‘ﬂt?rﬁ%@%“ﬂv ‘ﬁ‘FI?cJEefP& Sﬁ°ﬂ8{3m'tyr?8dp°mts
were alsoc&%%ﬁ%fioﬁn ?‘)‘p hRRLIEMitHYugh B ©BittsUPeréQist Beditp&oeiad & @étect
cou alr the asSessnent of st uc?g’ results;

statistica] g fioant zhamgesrin saconsappinsiRginih gtatisyeal oY srbRgRidmpyRyements
from stu@énghptl% tflé%&ner Il%?ﬂ%%@e bR cHle i in the patlents mean FEV},

1ol ogy art Assocl atlon tgng or Stage
FVC andDyeighivtre abeeved.) TaBim 16Gutsents the rehuls. Fgg whan gqg)m lung

05211 3. Po NYAY; t
function I‘Pé’ﬁd:\a?‘ F]ilt w§ %\ 1n ugof:crI $ ktlée t%l?t %ﬁlﬁg{n élﬁq‘mg‘% dﬂl?xg cﬁlrécrtl:lcoy
measured ht thé eﬁ&bf/ﬂhetlﬁgher-ddéeﬁﬁﬁndli cydeangl obi n <10 g/ dL;
[ 005231 5. Serum al bunin <2.5 g/dL; [005241 6.
Abnormal GGTI or total bilirubin (>l aboratory's upper

limt of normal); [005251 7. Abnormal renal function

serum creatinine >1.5 tinmes |aboratory's upper limt
Table 1
End of
Higher
Study Dose
Endpoint Entry Treatment Change p-Value
Lung function (expressed as a percentage of normal for
ender, age and height): .
& Mean FgEVI ....................................................................... 65.8% 69.1% 3.3% 0.015
MEAN FVC ....uviieceercreemecrisssnesssemsesssssssnsssvassassnssnasessnssns 80.2% 85.1% 4.9% 0.037
Weight 583 kg 59.0kg 0.7kg 0.012

[00490] The 3-[5-(2-fluoro-phenyl)-[1,2,4]oxadiazol-3-yl]-benzoic acid interim PK
parameters from these 15 patients are described in Table 17. No differences in PK

parameters by gender were evident.
Table 17



normal ); [00526] 8. History of solid organ or
hemat ol ogi cal transplantation; [00527] 9. Ongoing

WO povano=eppr essi ve therapy (ot her than PCT/US2007/008268
corticosteroids); [00528] 20. Exposure to another
i nvestigational drug within 28 days prior to start of
study treatnent; [00529] 11. Ongoing participation in
any other therapeutic clinical trial; [00530] 12.
Ongoi ng use of thiazolidi nedi one peroxi sone

proliferator- MéanRleasrmacekinetic Barameté!BAR v)

agoni sts, e.d. CF @hage 2 PrelimitArnaidiadysis or

equi val ent )] or pcegé i (Lawen@ose Act 0$( r ) Cunte 2diighgpPesel )

[ Sadd: 13. | Change % ' Hoost U BLAT A

(e g., Int ::J.Lﬁy\‘. troat- g4 ceysSatpYyy Ol Day 14
Auc&% -"df:HrinL Tangga4 N dodEe, Segredul €, Ofa38 ype |[of 417
Crad d) Wi fhin Jignonthg prias to gtart4tof study3s
Conird ,Lq@ﬁll ment; pr [ 003821 14. Tré®t nentl wi t90 systleni c6.5

am nogl ycosi de antibiotics wwthin 3 nonths prior to
[00491] Bieakiition, akhouh dhasgésninrdatieftd0§3qitoms were not formally measured

3-[5-(2-Fl z |.- 1.2, 4
oo b 45 e AR, A s e
about chahb8ain WifitnisS caditi fibresie Sﬁﬂpﬁm@ 128hel Msaﬁ@ﬂs gtigled in the interim

analysis, té:rg;g{rggingt?gpf 1@%&0v2§28t|§3|gt I:PF?%] e{:%n ugclrregz{&ﬁn Q&F%h and 10

reported ddereaséd ariRds BAGmess ¥hd ed%@d?maﬁimg@f @medusa gi ven dose

-, and. 8-
[00492] émvgmd(ﬂ?lm R éersté\ewgl %%ﬁ%ﬁa 411%? PhpoyD)-
[1,2 4]on&’1%2<9”§ gl 1ihesidtagid Mﬂguredthﬁﬁt for HOESHNde-DakGioh-édiated

ents receives 3-[5-(2 quoro-
cyStlcﬁbmsemﬁdlI}JWSl 2, 4] oxadi azol - 3-yl ] -benzoic acid at a

[00493] ‘iﬁ'ﬁe%%é 12[606l Aﬁf@hls&&e@ in twd28- dl? cycl@ﬁ‘ dEgcgf cc?'omgé %8l cIthprise 14

, e€eac recelves a s of

days of cBnfithucud dbily me@tnmm myth) 3- [@-iz-zluxp}mhmyé)za 3 Slopapiagahd-yil
Af Lar t
benzoic %’é‘# Foé}?twed Y3 g‘%‘gy ‘?fl o{s Sgﬁﬁ‘%‘gé il or1a§l gﬁr%gilsg%%ea%ﬁm m

Cycle 2 dandartiniiated 4sGaAg4t 18tdagaohadiagead z&éays aifter the last dose of 3-[5-(2-

ﬂuoro-plgen[ygrﬁ; ﬂpﬁ%ﬁl&zﬁﬁeﬁklﬁe“f‘i‘“f%’]‘ fi%Yol - 3-y1]-benzoic

[00494] Patiéhtden Cakerd 1 Wil tﬁatacﬁmmsﬁergd afd- (zalmumh(enyuml 2,4]oxadiazol-3-

m nut e i nterval s I de eac dose ken hi n
yl]-benzoig@eigh Tﬁ% idoges @ 4 5‘341@% e g% o Gophd 14 58 ~30
mmutes)gfx{%wlfﬁlt %c‘lé— lon:sE> Relye rIdealllgﬂ&{éh o230 shohl@ Be BMeafwitin ~30

Is realized that vari

minutes ey m!ge@ldhé'dmkow afebreakist 00y et Fcleind 77 TG0 PM
after dm%ér%cf‘\ ng e gdedbitddatch \Wlfvﬁ& r?@r?heﬁqg It Eecond cycle such

osing intervals and the rel ationship o

that eacldpmnenglmthlsrmm)wnaieremw av[éd%ﬂlwem}aeww he- ﬂa&%hqul- -yil-
benzoic ﬁ%ld re]\? H%gg of 8 nlxégg 'Hib 1nQEycné s aEdéaagQ RQERE eaéh%uﬁv@é t!d.ﬁér?%thm

8 procedtires se ort ove.
~30 minps a&eﬁ smeel @gyveT7:00 aiivi aftes begakfhast and ~7:0 PM after dlnner)

oo b o SR o0 et SR

yl}-benzbicarkd BED at dosﬁg ok ridg/kB at ﬂlmhbur @ne30 minutes) intervals in Cycle 1.
Ideally each dose should be taken within ~30 minutes after a meal (e.g., ~7:00 AM after

breakfast and ~7:00 PM after dinner). A planned dose-schedule change will be performed in
the second cycle such that each patient in this cohort will receive 3-[5-(2-fluoro-phenyl)-
[1,2,4]oxadiazol-3-yl]-benzoic acid at doses of 4 mg/kg, 4 mg/kg, and 8 mg/kg TID in Cycle



8 nmg/ kg with supper, for a total daily dose of 16

nmg/ kg. Al patients were anbul atory, but had
wW@b@racies i stic signs and synptonms of DMD, i ncP@miuszy07/008268

sonme degree of nuscle dys2®@nction and el evated serum

CK concentrations. No serious drug-rel ated adverse

events were reported. Prelimnary results suggest

that all potentially drug-related adverse events were
mld in severity. These adverse events incl uded
2. Ideauydsaah dbsastionldlbgptakerenithimbddniinates pli¢ra maal (- gpat:@hAM after

breakfas@cén%#ﬁé éedg}?ﬁqhwf“é N?%br}g\r& i28F H}'%r hy:rgauno safety

exam nations, vital sign msasuremsnt S, OI‘

6.E1 @XAMBLEIIGW ROPHIN

el MSTR@GLN&NMPMIWEM QBQELQQRESCENCE AND
Cr s¥ESTERN BY.OMTIDWG ur ea nitrogen were not ed.

Treat ment conpliance was good, with patients taking

[00496] ﬁlt%gg%sf LB g&&@@eﬂldt&kﬁkbngdgﬁ&gﬁbﬁﬁ&{é%m isfREfoRBed aker

ovver ose | evel atient discontinued
local anesitlnefsai amim:ondueus sedation él@\ﬁerr@ecaéiaee generplypsstbesiymay be required)

prior to trg% 2 f l ffoth &fp&ﬁg‘yéobt 1t ?lt%@%f%gﬁn&t)"f e PiePPhpocedure

ar ane romthese 6 patients are
is perfonmm«sim@adndandﬁamteehmslueérfﬁ‘sccbnm§wa; Hhmen &Ans drhegapyf11:777~

o0, he SIS 5 S AS5 E BERESH aqgcor
collectlonzgf tﬂa)bld;fsg PhiGE RS tréatinent) ahe inatole specmepis diyidod intody l¢a§t 3

Ph

fragmentiox) DS RURPEY GOBSENN EOHECtFA AR (B P TS R e iy nto a

least 2 frdg}@rﬁbaﬁﬁe Biop& gfeumamlpwaea on a @ithpa(2> éﬁouge ;qisthned with
nyl)- [1,2,4] oxadi azol - % benzoi c g Par anet er..

Ringer’s spling, heriphey SREGMmens Yisyeh loweEewss inIg S TTRE S5

microsco estAliRlabEP oribhtatidi. NThe hilrsolle i9tHen Qrabisdddetbisihg Asharp scalpel
ddi tional Phase 2 study was carr|ed Otﬁ % Ih
in a crossesegtional éa@qrg@@gzepp@g}aé to the orientation of the fi ers{ whenever poss:1ble

and allov&'?ﬁ@*l:gt o2 ﬁuﬂ\ltgé(ﬁpélﬁﬁv@ For3ny Eéss@l%lf-@f dpasal dTheahiple is then

rance, PK, effects on full-length nuscle
frozen mdyﬁlﬁd Didtvigan poqipd; pwpglxtpngggngﬁrregﬁ@ adiqui pifogen qu9‘|"’1°§," and held

1 inch abf)gﬁ@%tﬁ@%g%éﬁ%ﬂ?fﬁge:‘ g&sﬁﬁ %@?f s%\w%ghﬁ’é &4 $bntane

evaporatmnaﬁlfmoirmibrglbl]n nbénzmu@d amqgemdamnecévm precapled |(ip liquid
nitrogen al&g étf)%esdl%? X%dgé)zfgqﬁ%iga/ ?)nﬂ &R% %‘é’lcel i gﬂggg Qqu@W patient

number, date, patient initials, and foot 51de (right foot or left foot).

[00497] All sample containers are clearly labeled in a fashion that identifies the subject and
the collection date. Labels are fixed to the sample containers in a manner that prevents the
label from becoming detached. Samples are shipped for analysis/culture/central review
immediately after the procedure is performed. For detection of dystrophin, 3 commercially
available antibodies that recognize the C-terminus, the N-terminus, and the rod domain of the
protein are employed. For detection of the sarcoglycan and dystroglycan complex,
commercially available antibodies against a-, B-, Y-, and §-sarcoglycan, and B-dystroglycan
are used when possible. Epifluorescence microscopy is used in the analysis; images are
captured by CCD camera, after normalization of the fluorescence intensity against a normal
muscle specimen. Images are stored digitally and preserved for future review, and final

evaluation at the completion of the study. Tissues are also processed for detection of



20, 40 nmg/ kg (high dose) after breakfast, |unch, and
di nner, respectively. 26 boys (ages: 5-13 years; stop
w@owons4385 UGA, 6 UAG 5 UAA; basel i ne serum BKI/US2007/008268
8,645-49,500 1U; steroid 2®e: 19/26) conpleted
3-[5-(2-fluoro-phenyl)-[1, 2, 4] oxadi azol - 3-yl ] - benzoi c
acid at the low (n=6) or md (n=20) dose |levels. Al
adverse events and | aboratory abnormalities were m |l d-
noderate with no dose-rel ated changes in frequency or
dystrophig,aue sarwglyé‘mfsphnch&dsswglyc@@& Westerp blogtinghusng theespme

antlbodlemcrpﬁww &%P%ajpgtgﬁcgs nd ?etséll%ﬁ &Y FAnire rﬁé@@sﬁ{deﬁ)r final
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ative to baseline, post-treatnent incre S i
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oses, respectively. Serum CK | evel s
used, the GE@B eas;ekda is nghkely md@mynedm@ ﬁ@)sgnpgl. fibrotic replacement of muscle
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treat nent
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required &le?se%ﬁﬁﬁx!rr)hﬂoﬁddfb@ﬁerfcd lahd Néeﬂjjmh blatyisg p{qallqunn@ qutsepgfogﬁled on
invitro and in vo, and decreases se
muscle biggyY SREUHOTh 5B P oTr AT SIEe R O st An
absence @F@ysfﬂo hihas Qlé%VE[dSIS(Oanﬁhﬂﬁﬂtﬁt phiaeyliggnosis of DMD. Restoration of
, 4] oxadi azol - %%benz i C a id |evels we

dystrophm;tvfl ocglp@yxoa itQ| t}hadpu r3fiea %b%cggalpgred a direct measure
of precln@%é Ofdadifeal g@h&%&ayﬁm@ a8ty (BatoraDhvigj 1999, J. Clin.

uatlon the hi'gh dose level in. 12 additiona

Tnvest. 1@6@5315381;@151@@ 20032t Mypf. 4236 T PUB2007/ 008268 286
618 %Wﬁﬂﬁ_%r g%ﬁ%ﬁiﬁﬁéwkﬂ EXTRIOVITY MYOMETRY
rec _ ascertal n using no nore t han
[00499] %2}?@ ?X pe%geﬁg]th%téhg?m?%g% egf' Vaeld %Qlcri%s Cl-PangW%ld myometer
followinP &t Ardi RdGioeakasABRBhAkkat, ezaommmmmwlb@zsord 11(5) 441-6;

vt 20N, i SRS ht Bl tepending o

subject’ malﬁ@ﬁgmchﬁnélmaﬁu? ﬂﬁitlefvhn‘tatddﬁﬁus&le‘:‘gﬂmapeimlude hip abductors knee
I ncor por at ed re

ficat
exensen lbeuien SIS, BACHE R A f0Bor iR g be done, and

three meg%d& ap%%éoraé’d)fﬂoﬁ?édcﬁﬁnm& Sio8p loflleﬁéﬁ kide ATibse parameters
i ndi cated to be |ncorp$rated herg 9% low-
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up penod aft%k ?r'eﬁ?r%n'tﬁ)urmg the pre-treatment and treatment periods, the myometry
procedures are performed prior to the muscle biopsy.

[00500] Myometry assessments using a hand-held dynamometer are a sensitive and
reproducible measure of muscle strength in ambulatory and non-ambulatory subjects
(Beenakker, 2001, Neuromuscul. Disord. 11 (5):441-6; Hyde, 2001, Neuromuscul. Disord.
11¢2):165-70). Inter-rater reliability in subjects with muscular dystrophy is high (Stuberg,



1. A nmethod for producing an effective anmount of a
functional readthrough protein encoded by a nucleic
w@edod/1sagrience conpri sing a nonsense mnut ati on, P€TES2007/008268
nmet hod conprising orally 28mnistering to a human
subject in need thereof an effective anmobunt of a
nonsense codon suppressor agent(s), wherein the
ef fective anmount of the nonsense codon suppressor
agent is between 0.1 ng/kg and 500 ng/ kg per day,
1988, P Theed 9BB68(6)79e8 2] ahels, 2001) Neheorhiuscsl. Ripard. $4@pA65-70). As

doses each being 25% of the total. anpunt 1. NJ
comparecRmeHE FHISFIF HERERIETHG, BOOTAES ' AI BRI YD o complex
measure GEHLIS higlc@idn (RIcDdnaRE, h99s {06 DIrugsicited Rekabilf GcSippd:S70-92).

amount of a_ functional_ readthrough protein ncod by .
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inist2t B 0 ' ' i i@ wilhestHH R TMendell,
wamiis QB 35000l Sop i AL e it e
1989, N.dfngd [ Whel i360614) 11692 TirGiggs, pPDt.elrmh. Mewrol ¢§(4i383-9)-

‘{%cl ' “'L QSRR IyWhng a nonsense nutation,

(00503] Signjre &K RAIEEE ASFREFEDISAHA EPPEEFTioLY e ADp-linked kinetic
assay (Dg;g}x%%@éh&%%& LRURPLBAS UT)AGRAIh DK 1My 8 Pndabred prior to

ective anount of the nonsense codon su presaot
treatmenggnday Huiordedirahdose) day V. o#ayf 14 48y 2Aneaddan 2f fyng the

Lyat ' 65 ¥ Bn SC IRAKATK FihcrRBsHddn
‘rea““eng%#‘é%%‘ggﬁa‘?@gzmééﬁﬁ%gn_ Fsm WD 20071117438
DuchenRGTit820013/s6082% and teeefore iypaeadilyoepsyrable diagnestic marker for the

) rein th X 2811 Qb the d

ascse 0558} B AORRAREF OO SUPE S9aGRaBSILl b7 o o
(Mendelt kakim 1880y Néw FdgedeMadt 3282011602 7Tamount  of t he

nse cadon su ' : 2% 0. i £
0050 SRS 0 AR E T eI s BEHEEN,D crions
this enzjrhe if fhesenan drsicansedift-as 10adbldisi subjeocts WigyDMDtand
measuretrr(x)etn%sl otaig:rsollé%ls %‘rjemusrgdslg %{a?cgngayndearly diagnosis of the disease (Worton, The
muscular dystrophies, In: Scriver C.R. , Beaudet A.L., Sly W.S., Valle D, eds. The metabolic

and molecular basis of inherited disease. 8th ed. Vol. 4. New York: McGraw-Hill,

2001:5493-523). The levels of serum CK are measured to monitor the progression of the
disease and serveé as a marker for muscle damage. While exercise-induced changes introduce
variability (Politano, 2003, Acta. Myol. 22(1):15-21), the marker has advantages because it

can be easily, repeatedly, and frequently assessed with a widely available and reliable assay.



the third dose being 50% of the total anount
adm ni stered. 9. The nethod of claim6 or 7, wherein
wo b@7aifsexti ve anount of the nonsense codon SPEPUSHST008268

agent is sufficient to pro28lce a plasma concentration

of 0.1 gg/m to 500 gg/m of the agent for at |east 2

hours. 10. The nmethod of claiml1l, 2 or 6, wherein the

ef fective anount of the nonsense codon suppressor

agent does not cause hearing loss and/or renal failure
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material ¢ah beT ﬁezmmﬁum%ﬁ prolifgratiamediug} epmiaiping Q?éﬁ%ﬁaﬂ stored in

liquid m%ﬁ%e&%r g‘tKy itcgf AVpRt kRO fle f8@Cishb Qﬁ‘e}ﬂ&éﬁ RirRettimglupahe

protein necessary to grevent t he onset,
myoblasdeﬂﬁllr@mmuy matedAlis washet wsBHNPBS suffcigntde keep Hie tissue moist

is added ?%tg%t OE ? ﬁﬁo&‘hF C«Tp%? Qﬂi%ia? V\il%ll’? let%ﬁéqglzl?%%?ﬁ&or Biades,

erein ective
toward adDHEst mfndgeﬁecﬁuﬂmrspmajn Alppmjmmatalbgh ngradtein is the

collegendepiaasicably saiblon SECRaE of sSud £AHES %:'Ft? ik <dntinued for
several mutesie gnﬁirrmduﬁﬂe bi@symﬂﬂxSxﬁmn @S lmleofefmrzgmmsobltlon) The
ampunt qf the funct !

d
suspensigp.is jiansfgregd ingo ﬁﬁ?&fb@g g{?ﬁ;u ﬁﬁeﬁ,g? g gn} e})vgttelrﬁehtfl I?.lgtll the

mixture fgasﬁﬁéﬁuhji}f(k \&bou2( REIER@IIES). Emd/swpelﬂmonh;yﬁﬁdter homogenlzed
benefit in the ani mal nodel,

by pipetting upped dpyynisrecrat Hes F‘\’/‘é“%l‘r‘i‘ﬁé'i’ﬂ“%‘f ‘?‘%E‘Pﬁﬂé ?ﬁuéﬂ%ﬂsm cycles by
plpemn%@ﬁgﬁ RERH SRS @h%gb ¢a’§1 &qwrmﬂneﬂ if ie@edsasy. aBRHDML of human

roduced by a_cell npri si ng associ.ate
prollfermmﬁnqchvémdg addadsto the suspensmn anci mlxede the m‘lc"xture is cen C%1‘1fug,ed for

10 minutes at 1200 rpm. The cell pellet is resuspended in 3 ml human proliferation medium,

Cells are plated into one well of a collagen-coated 6-wells plate, or, depending on the amount
of material, in a T25 collagen-coated flask. Cells are cultured for 48 hrs, at 37°C and 5%
CO,. Non-attached cells are removed and transferred to another collagen-coated well (as
backup). Fresh proliferation medium is added to the first well (3 ml). The cells are cultured
from the first well to confluency and until two confluent T75- flasks have been obtained. For

storage, cells can be frozed from one T75 flask into 4 cryotubes with 1 ml freezing medium.



18. The nethod of claim 17, wherein the anmount of the
functional readthrough protein produced by the cel
w0 200aboBs 1% about 5% about 10% about 15% oPCHIDS2007/008268

25% of the anmount produce282by a cell of the sane
speci es and type that conprises the gene encoding the
corresponding wild-type protein. 19. The nethod of
claim 13, wherein the effective anmount of the nonsense
codon suppressor agent is between 0.1 ng/kg and 500

The myog@ﬁ(c@llﬁ:@hteﬂﬁyf thelicultdexdisidateomirieddy pesfoeging 2 esrpigestaining.
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[00511] BoAbilitato ®3bBAtdY Z Rio o YN. R4 OR2

[00512] 6. Male sex;
[00513] 7. Age =5 years;

[00514] 8. Willingness to abstain from sexual intercourse or employ a barrier or medical

method of contraception during the study drug administration and follow-up periods in
subjects known to be sexually active;

[00515] 9. Willingness and ability to comply with scheduled visits, drug administration plan,
laboratory tests, study restrictions, and study procedures (including muscle biopsies,
myometry, and PK sampling);

[00516] 10. Able to provide written informed consent if >18 years of age, or written
informed assent (with parental/guardian consent) if 27 years of age. If the subject is <7 years
of age, parent/legal guardian consent alone will be obtained; and

[00517] 11. Evidence of personally signed and dated informed consent document (assent also
required for children >7 years of age) indicating that the subject/parent/legal guardian has

been informed of all pertinent aspects of the trial should be followed.



or a pharmaceutically acceptable salt thereof,
wherein: X, Y, and Z are independently selected from
wOR00%111338 and C wherein at | east one of X, Y PCT/HS1087/608268

heteroatom Rl is hydrogen?83% Cl-C6 al kyl, or Na+, or
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(Actos® or equivalent);

[00531] 13. Change in systemic cortlcostermd therapy (e.g., initiation of treatment; cessation
of treatment; change in dose, schedule, or type of steroid) within 3 months prior to start of
study treatment; or

[00532] 14. Treatment with systemic aminoglycoside antibiotics within 3 months prior to
start of study treatment.

[00533) 3-[5-(2-Fluoro-phenyl)-[1,2,4]oxadiazol-3 -yl]-benzoic acid is provided in a
formulation described herein. Treatment is administered over 28 days for each treatment
cohort. An initial cohort of pafients are treated daily for 28 days with 3-[5-(2-fluoro-phenyl)-
[1,2,4]oxadiazol-3-yl]-benzoic acid at a given dose level (e.g:, 4-, 4-, and 8-mg/kg) TID. If



substituted with one or nore independently sel ected
Cl-A4 al kyl groups; a C6-C8 aryl which is optionally
wgewstii4et ed with one or nore independently sePEDUSIN0T/008268
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whi ch they are attached forma four to seven nenbered

carbocycle or heterocycle; and RRis an Cl-C6 al kyl
wopironaBs y substituted with an aryl or a hal oRE€npSIN7/008268

an aryl optionally substi28ted with a hal ogen, a
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viro 3-[5a(3-Rooti Plsmy)-r bAISAUdRItT PO AL FPIPR 3 Y24(100%)
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treatment, changes in muscle strength and timed functions were small and not significant.
[00539] 3-[5-(2-fluoro-phenyl)-[1,2,4] oxadiazol-3-yl]-benzoic acid safely induces full-length
dystrophin expression in vitro and in vivo and decreases serum CK levels in boys with
nonsense-mutation-mediated DMD. While low and mid dose 3-[5-(2-fluoro-phenyl)-
[1,2,4]oxadiazol-3-yl]-benzoic acid levels were active, they did not achieve plasma exposures
associated with maximal preclinical activity. Evaluation at the high dose level in 12

additional boys is ongoing.



are attached form a benzo[ 1, 3)di oxole or a
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or nore of the follow ng: 286 hydroxy, a hal ogen, a
Cl-C4 al kyl group, a Cl-C4 hal oal kyl group, a Cl1-C4
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(b) dgrectips therexpryssionnatiioy aativity ofiefierdend! Iryadthiosith pedteith encoded
by the re;\)’grEeQ gene.

13. A method for treating, managing and/or preventing a disease associated with a
nonsense mutation in a gene, the method comprising orally administering to a human subject
in need thereof an effective amount of a nonsense codon suppressor agent, wherein the
effective amount of the agent is the amount that is sufficient to produce an effective amount

of a functional readthrough protein encoded by the gene comprising the nonsense mutation.

14. The method of claim 13, wherein the effective amount of the functional
readthrough protein is the amount of protein necessary to prevent the onset, development

and/or progression of the disease or a symptom thereof.



one or nore Cl1-C6 al kyl groups; a Cl-C6 al koxy; a
C6-C8 aryloxy; a C6-C8 aryl optionally substituted
wowdoh/1omes or nore i ndependent|y sel ect ed hal ogeer/UCHoTH08268
al kyl, Cl1-C4 hal oal kyl, ox39 Cl-C4 al koxy, or Cl-C4
hal oal koxy groups; an am no group optionally
substituted with one or two independently sel ected
C6-C8 aryl or Cl1-C6 al kyl groups, which are optionally
substituted with a hydroxy, a C6-C8 aryl, or a nine to
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readthrov.l%grglldﬁergf g d gsgitﬂlé‘ h a9 gf%%ﬁﬁg 59 Wﬁ ﬁopgmsmagrt%e gene

assocxatcdmjﬂoﬂaldlseasabst [ t ut ed with one or nore independently
sel ected oxo groups; a carbonyl which is optionally

ubsti t ut tha yd OXy QI a Cl- | koxy rou; a
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theconeiﬂn@ﬁ@ﬁﬂ@&yﬂb\@b%ﬂ' groups; or two Ra groups, wherein
may al so include an oxy group, together with the
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205 OF¥Re nﬁ:tlg'd SFei1iial PRl Vivdref tRE Ron@fise (8AonFuBHRsscagBit does not
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cause hearing loss and/or renal failure in the human subject.
22. The method of claim 13, wherein the nonsense codon suppressor agent does not

exhibit significant antibacterial activity against a gram-negative microorgansim and/or a

gram-positive microorganism.

23. The method of claim 13, wherein the human subject is screened for the

likelihood of responsiveness to the nonsense codon suppressor agent.



which is optionally substituted with one or two
i ndependently selected R2 groups; Rl is a Cl1-C8 al kyl
w@e@apimbs ch is optionally substituted with onBCDUSI007/@8268
i ndependently selected Ra #ooups; a -Rb group; a
pyrrolidinyl group which is optionally substituted
wWith one or nore independently selected Cl-C4 al kyl
or oxo groups; a piperidyl group which is optionally
substituted with one_or nopre independently sel ected
241 Ehe msthod g elaim 1. Hehon/d 3, Wiierrip she pensenjaroden sppRygssor agent
is 3-[5-(209{1618[}%&':1{1)3[4 BEAJokkdigsb1y- L1 fl?-b@ﬁfmg acidir®: Phhridcditilly O
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substituted with one WO | hdepe sel ected
Cl-A4 al kyl or Cl1- %_D
[
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. groups; a norpholifpyl group; a ri dyl ®roup; or an

-Rb group; and whsbein Rb is a -C8 aryl which is
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CT/ US2007/ 008268 298 hal oal kyl group, a Cl-C4 al koxy
°lesagt8EB ™y an anmino group which is optionally
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(b) a Cy-Cg straight chain or branched chain alkyl which is optionally substituted with
one or more of the following independently selected groups: a Cy-Cg alkyl; a halogen; a -
C(=0)-NH-pheny! which phenyl is optionally substituted with one or more independently
selected halogens or C;-C,4 alkyl groups; a five to six-membered heterocycle; a C¢-Cg aryl
which is optionally substituted with one or more groups independently selected from a

hydroxy, a halogen, a C,-C, alkyl group, a C,-C4 haloalkyl group, a C;-C4 alkoxy group or an



34. The nethod of claim?25, 26, 27, 28 or 29, wherein
the effective anobunt of the conpound does not cause
wheariiny3s oss and/ or renal failure in the hunmaPCT/US2007/008268

subject. 35.1 The nethod of29l ai m 25, 26, 27, 28 or

29, wherein the human subject is screened for the

I'i kel i hood of responsiveness to the conpound. 36. The
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god of claim25, 26, 27, 28 or 29, wherein the
()é;ﬁﬁégﬁﬂ des not exhi bit S|gn|f|cant antibacterh?I
d) &C3-Cgick¥loallal bptioml B subbtiegatvinega O, 1 LakPansi m and/ or
@ ra?’n pog:?’t [ \%e m croorgani sm WO 2007/%l 17438
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man subject” 1 n ne
1ndependently selected halogen or phenyl groups; a C3-Cg cycloalkyl which is optionally

substituted with one or more independently selected C;-C, alkyl groups; a Cs-Cs aryl which
is optionally substituted with one or more independently selected C,-Cs alkyl groups; an
aryloxy which is optionally substituted with one or more of the following independently
selected groups: a hydroxy, a halogen, a C;-C; alkyl group, a C,-C4 haloalkyl group, a C-C4
alkoxy group, or an amino group which is optionally substituted with one or more
independently selected C;-C4 alkyl groups; a five to six-membered heterocycle which is
optionally substituted with one or more independently selected C;-C, alkyl, oxo, or C4-Cg
aryl which is optionally substituted with one or more of the following independently selected
groups: a hydroxy, a halogen, a C;-C, alkyl group, a C,-C, haloalkyl group, a C;-C4 alkoxy
group, or an amino group which is optionally substituted with one or more independently
selected C1-C4 alkyl groups; a naphthyl group which is optionally substituted with an amino
or aminoalkyl or alkoxy group; a ~C(O) -NR\R, group; a —C(O) —-R, group; a isoindole-1,3-
dione group; a nitro group; a cyano group; a ~SO3H group; alkylthio group; alkyl sulfonyl
group; a -NR,—C(O)-R; group; a -NR\Ry group; a -NR,—SO,-R; group; a ~NR~C(O)—~
NRxRy group; a -NR,—~C(0)O~ R, group;

(f) a C10-C)4 aryl group optionally substituted with one or more independently selected
halogens, amino groups or aminoalkyl groups, or alkoxy groups;

(g) a—C(O) —-NR\R, group;

(h) a five or six membered heterocycle which is optionally substituted with one or more
independently selected oxo groups; halogens; C-Cj alkyl groups; C;-Cs alkoxy groups; C;-
C,4 haloalkyl groups; C;-C,4 haloalkoxy groups; aryloxy groups; ~NRRy groups; alkylthio
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groups; —C(O)~Rx groups; or Cs to Cg aryl groups which are optionally substituted with one
or more independently selected halogens, C,-Cy alkyl groups, C;-C4 alkoxy groups;

(1) a heterocycle group having two to three ring structures that is optionally substituted
with one or more independently selected halogens, oxo groups, C;-Cq alkyl groups, Ci1-Ca
haloalky! groups, or C;-C4 alkoxy groups;

() or W together with R4, including where Ry is 2 bond, and the heterocycle to which Ry
and W are attached form an eleven to thirteen membered hetero-tricycle ring structure;

wherein Ry is hydrogen, a C;-Cs alkyl group, or Ry and R, together with the atoms to
which they are attached form a four to seven membered carbocycle or heterocycle;

Ry is hydrogen, a C;-Cg alkyl group; an aryl group optionally substituted with one or
more independently selected C,-C; alkyl groups, or Ry and Ry together with the atoms to
which they are attached form a four to seven membered carbocycle or heterocycle; and

R; is an C;-Cs alkyl optionally substituted with an aryl or a halogen; or an aryl optionally
substituted with a halogen, a C;-Cs alkyl, or a C;-Cs alkoxy.

26. A method of producing an effective amount of a functional readthrough protein
encoded by a nucleic acid sequence comprising a nonsense mutation, the method comprising

administering to a human subject in need thereof an effective amount of a compound of the

formula:
X
wI/ Ny
—
| X z ~
U e

or a pharmaceutically acceptable thereof, wherein:

W, X, Y and Z are independently selected from N or C-R,, where R, is hydrogen or a C;-
C4 alkyl group, wherein at least one of W, X, Y, or Z is N;

nis0, 1,2, or 3;

R, is a cyano group; a carbamoyl which is optionally substituted with one or two C;-Cy4
alkyl groups; or a carbonyl group which is substituted with a hydroxy, a C;-Cs alkyl, or a C-
C,4 alkoxy group; and

R is a hydroxy group; a halogen; a C,-C; alkyl which is optionally substituted with one
or more independently selected halogen or hydroxy groups; a Ci-Ca alkoxy which is

optionally substituted with one or more independently selected halogen or phenyl groups; a
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C4-Cs cycloalkyl which is optionally substituted with one or more independently selected C;-
Cs alkyl groups; an —R;, group ; an -O-R,, group; a five to six-membered heterocycle which is
optionally substituted with one or more independently selected C,-C, alkyl, oxo, or R,
groups; a nine to ten membered heterocycle having two ring structures; a carbonyl which is
substituted with a hydroxy, a Cy-C4 alkyl, or a C;-C4 alkoxy group; a carbamoyl which is
optionally substituted with one or two C;-C; alkyl groups; a nitro group; a cyano group; a
ti’lio which is optionally substituted with a hydroxy, a C;~C; alkyl, or =R, group; a sulfonyl
which is optionally substituted with a hydroxy, a C,-C; alkyl, or R, group; an amino which
is optionally substituted with one or two independently selected C;-Cy alkyl, sulfonyl, or
carbonyl groups, wherein the aminosulfonyl group is optionally substituted with a hydroxy, a
C1-C4 alkyl, or —Ry, group and wherein the aminocarbonyl group is optionally substituted with
a Cy-C4 alkyl, a C1-C4 haloalkyl, a benzoxy, or an amino group which is optionally
substituted with an —R, group; or two R groups together with the phenyl ring to which they
are attached form a benzo[1,3]dioxole or a 2,3-dihydro-benzo[1,4]dioxinyl group, wherein —
Ry is a C¢-Cg aryl which is optionally substituted with one or more of the following: a
hydroxy, a halogen, a C-C, alkyl group, a C,-C,4 haloalkyl group, a C,-C4 alkoxy group, or

an amino group which is optionally substituted with one or more Ci-C4 alkyl groups.

'27. A method of producing an effective amount of a functional readthrough protein
encoded by a nucleic acid sequence comprising a nonsense mutation, the method comprising

administering to a human subject in need thereof an effective amount of a compound of the

formula:
Al'4
RiA \ /Ar2
O
X
@
R \ — V.
1 /W \Ar1
Ars

or a pharmaceutically acceptable salt thereof, wherein:

A,1isC,CHorN;

V and X are independently selected from N or C;

W is selected from N, C or CH; ‘

wherein at least one of V, W, or X is N, and wherein if W is N, at least one of V or X is

also N;
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Y and Z are independently selected from N, C, C-R., C=0, C=8, wherein R; is H, CH;,
or NHy; with the proviso that when one of Y or Z is C=0 or C=S, the other may also be
selected from NH, S, or O;

R is carboxy, cyano, or a carbonyl group which is optionally substituted with a C;-Cs4
alkoxy group,

R, is absent or a nitro;

Ary is a Cy to C4 alkyl which is optionally substituted with an R group; aCg to C;p aryl
which is optionally substituted with one, two or three independently selected R groups; a five .
to ten membered heterocycle which is optionally substituted with one, two or three
independently selected R groups; together with Ar, and the heterocycle to which Ary and Ar,
are attached form a ring structure selected from Ar).5; or together with Ar; and the
heterocycle to which Ar; and Ar; are attached form a ring structure selected from Arya,

Ar; is absent or together with Ar; and the heterocycle to which Ar, and Ar; are attached
form a ring structure selected from Ar.;

Arj is absent or together with Ar) and the heterocycle to which Ar, and Ar; are attached
form a ring structure selected from Ar,.s;

Ary is absent; or is a C-Cy alkyl, a Cy-Cs alkoxy, or a C;-C4 thioalkyl, any of which
together with A, forms a four to seven membered carbocycle or heterocycle;

R is hydrogen; a -R, group; or two R groups, where R may also include an oxy group,
together with the phenyl or heterocycle to which they are attached form a ring structure
selected from RR;

wherein:

Ary; and Ary.; are selected from an eleven to fourteen membered hetero-tricycle ring
structure optionally substituted with one or more halogens, C;-C; alkyl groups, C;-C,
haloalkyl groups, C)~C; alkoxy groups optionally substituted with a halogen or a C;-Cy
alkoxy group, C;-C, haloalkoxy groups, or amino groups optionally substituted with a
carbony! group which is substituted with a C,-C, alkyl group;

RR is a nine to ten membered bicyclic ring structure optionally substituted with one or
more halogens, Cy-C, alkyl groups, C;-C;4 haloalkyl groups, C,-C4 alkoxy groups, oxo
groups, or C;-C4 haloalkoxy groups;

R, is selected from the group consisting of: a hydroxy group; a halogen; a C,-C; alkyl
which is optionally substituted with one or more independently selected halogen or hydroxy
groups; a C,-C, alkoxy which is optionally substituted with one or more independently

selected halogen or phenyl groups; a Cs-Cg cycloalkyl which is optionally substituted with
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one or more independently selected C;-C4 alkyl groups; an -Ry, group ; a -O-Ry, group; a four
to six-membered heterocycle which is optionally substituted with one or more independently
selected C;-C4 alkyl, oxo, or —~R}, groups; a nine to ten membered heterocycle having two ring
structures; a carbonyl which is optionally substituted with a hydroxy, a C;-C, alkyl, or a C-
C; alkoxy group; a carbamoyl which is optionally substituted with one or two C;-C; alkyl
groups; a nitro group; a cyano group; a thio which is optionally substituted with a hydroxy, a
C-C4 alkyl, or —R; group; a sulfonyl which is optionally substituted with a hydroxy, a C,-C4
alkyl, or =Ry group; or an amino which is optionally substituted with one or two
independently selected C;-C4 alkyl, sulfonyl, or carbonyl groups, wherein the aminosulfonyl
group is optionally substituted with a hydroxy, a C;-C4 alkyl, or -R;, group and wherein the
aminocarbonyl group is optionally substituted with a C;-C4 alkyl, a C;-C4 haloalkyl, a
benzoxy, or an amino group which is optionally substituted with an —R}, group; and

wherein -Ry, is a Cs-Cy aryl which is optionally substituted with one or more of the
following: a hydroxy, a halogen, a C;-C4 alkyl group, a C-C4 haloalkyl group, a C;-Cs
alkoxy group, or an amino group which is optionally substituted with one or more C,-Cy4

alkyl groups.

28. A method of producing an effective amount of a functional readthrough protein
encoded by a nucleic acid sequence comprising a nonsense mutation, the method comprising
administering to a human subject in need thereof an effective amount of a compound of the

formula;

(R)y
/° ‘/
Ry —Y
S
w
d

or a pharmaceutically acceptable salt thereof, wherein:

Y and Z are independently selected from N or C;

W is N or CH;

nis0, 1,2 0r3;

R, is hydrogen, a Cs to Cg aryl which is optionally substituted with a carboxy group, or
R, is absent when Z is N; ‘

R; is hydrogen; a Cg to Cg aryl which is optionally substituted with one, two, or three

independently selected R, groups; a four to seven membered heterocycle which is optionally
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substituted with one or more independently selected C,-Cs alkyl groups or a three to seven
membered heterocycle; or R; is absent when Y is N;

R is independently selected from a halogen; a carboxy group; a C;-Ce alkyl group
optionally substituted with a four to seven membered heterocycle, a Cs-Cg aryloxy group, or
an amino group, wherein the four to seven membered heterocycle, C¢-Cg aryloxy group, and
amino group are optionally substituted with one or two independently selected C;-Ce alkyl or
Ce-Cs aryl groups which Cs-Cs aryl groups are optionally and independently substituted with
one or more C;-Cg alkyl groups; a C1-Cs alkoxy; a Cs-Cs aryloxy; a Cs-Cg aryl optionally
substituted with one or more independently selected halogen, C;-C,4 alkyl, C-C4 haloalkyl,
oxy, C;-C4 alkoxy, or C;-C4 haloalkoxy groups; an amino group optionally substituted with
one or two independently selected Cq-Cs aryl or C;-Cs alkyl groups, which are optionally
substituted with a hydroxy, a C¢-Cs aryl, or a nine to ten membered heterocycle having two
ring structures; a carbonyl group substituted with a five to six membered heterocycle group; a
four to seven membered heterocycle group optionally substituted with one more C;-C, alkyl
or 0X0 groups; a nine to ten membered heterocycle having two ring structures; or two R
groups, wherein R may also include an oxy group, together with the hetero-bicycle to which
théy are attached form a twelve to thirteen membered heterocycle having three ring
structures; and

wherein R, is a halogen; a C;-Cg alkyl; a C4-Cg alkoxy which is optionally substituted
with one or more independently selected halogen groups; a Cs-Cs aryl; a four to seven
membered heterocycle which is optionally substituted with one or more independently
selected oxo groups; a carbonyl which is optionally substituted with a hydroxy or a Ci-Cs
alkoxy group; a carbamoyl; an amino which is optionally substituted with an independently
selected C;-Cs alkyl group, wherein the C;-Cs alkyl group is optionally substituted with one
or more independently selected halogens or hydroxyl groups; or two Ra groups, wherein R,
may also include an oxy group, together with the Cq to Cg aryl group to which they are
attached form a nine to ten membered heterocycle having two ring structures, wherein the
nine to ten membered heterocycle having two ring structures is optionally substituted with

one or more independently selected halogens.

29. A method of producing an effective amount of a functional readthrough protein
encoded by a nucleic acid sequence containing a nonsense mutation, comprising
administering to a human patient in need thereof an effective amount of a compound of the

formula:
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@) R

or a pharmaceutically acceptable salt thereof, wherein:

X is a halogen;

Risa Cl-.C3 alkyl group; a C;-Cs haloalkyl group; an -OR, group; or an amino group
which is optionally substituted with one or two independently selected R groups;

R, is a C;-Cg alkyl group which is optionally substituted with one or more independently
selected R, groups; a —Ry, group; a pyrrolidinyl group which is optionally substituted with one
or more independently selected C;-Cq alkyl or oxo groups; a piperidyl group which is
optionally substituted with one or more independently selected C1-Cy alkyl groups, benzyl
groups, or carboxy groups optionally substituted with one or more C;-C; alkyl or C1-C4
alkoxy groups; a tetrahydro-furyl group; a tetrahydro-pyranyl group; a tetrahydro-naphthyl
group; or an indanyl group;

R, is a hydrogen, a C;-C alkyl group; a C1-C4 haloalkyl group; a C,-C4 alkoxy group; a
—R, group; a pyrimidinyl group; a pyridyl group; a sulfonyl group optionally substituted with
an -Ry, group; or two Ry groups together with the amino to which they are attached form a
morpholinyl group, a pyrrolidinyl group, an isoindolinyl group, or a piperazinyl group which
is optionally substituted with a phenyl group;

wherein R, is a halogen; a C;-C4 alkoxy group; a carbamoyl group which is optionally
substituted with one or two independently selected C;-C4 alkyl or Cy-Cas alkoxy groups; a
phosphinoyl group which is optionally substituted with one or two independently selected Cy-
C. alkyl or C;-C4 alkoxy groups; a morpholinyl group; a pyridyl group; or an -Rp group; and

wherein Ry, is a C¢-Cg aryl which is optionally substituted with one or more of the

following, independently selected: a hydroxy, a halogen, a C,-C4 alkyl group, a C1-Cy
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haloalkyl group, a C;-C4 alkoxy group, or an amino group which is optionally substituted

with one or more independently selected C;-C4 alkyl groups.

30. The method of claim 25, 26, 27, 28 or 29, wherein the compound is orally

administered to the human subject.

31. The method of claim 25, 26, 27, 28 or 29, wherein the effective amount of the
compound is between 0.1 mg/kg and 500 mg/kg per day.

32. The method of claim 25, 26, 27, 28 or 29, wherein the effective amount of the
compound is between 0.1 mg/kg and 500 mg/kg per day, divided into three doses with the
first and second doses each being of 25% of the total amount administered and the third dose
being 50% of the total amount administered.

33. The method of claim 25, 26, 27, 28 or 29, wherein the effective amount of the
compound is sufficient to produce a plasma concentration of 0.1 pg/ml to 500 pg/ml of the

agent for at least 2 hours.

34. The method of claim 25, 26, 27, 28 or 29, wherein the effective amount of the

compound does not cause hearing loss and/or renal failure in the human subject.

35.. The method of claim 25, 26, 27, 28 or 29, wherein the human subject is

screened for the likelihood of responsiveness to the compound.

36. The method of claim 25, 26, 27, 28 or 29, wherein the effective amount of the
compound is equivalent to the amount that suppresses a nonsense codon in a reporter gene
assay comprising the steps of:

(a) contacting the agent with a cell having a nucleic acid sequence comprising a reporter

gene, wherein the reporter gene comprises a premature stop codon; and

(b) detecting the expression and/or activity of a functional readthrough protein encoded
by the reporter gene. .

37. The method of claim 25, 26, 27, 28 or 29, wherein the compound does not
exhibit significant antibacterial activity against a gram-negative microorgansim and/or a

gram-positive microorganism.
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38. A method of preventing, treating and/or managing a disease associated with a
nonsense mutation, the method comprising producing an effective amount functional

readthrough protein produced by the method of claim 25, 26, 27,28 or 29 ina human subject

in need thereof.



