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the wild-type protein. This scenario provides an opportunity to treat diseases associated
with nonsense mutations by avoiding premature termination of translation through
suppression of the nonsense mutation.

[6009] There remains a need in the art for methods for treating, managing and/or
preventing a disease associated with a nonsense mutation(s) in a gene(s) in a human
subiect by administering a compound that suppresses premature franslation termination in
a human(s) by mediating the misreading of a nonsense codon and producing a non-wild-

type protein(s) in vive in an amount sufficient to treat, manage and/or prevent the disease.

3. SUMMARY OF THE INVENTIGNDISCLOSURE

[0010] The present izrventiondisclosure is based, in part, upon the discovery of nonsense codon
suppressor agents that can be systemically administered 1o a subject (including a buman}
to suppress a nonsense codon in RNA franscribed from a gens(s) comprising a nonsense
muiation(s), allowing for readthrongh of the nonsense codon and the insertion of an amino
acid at the location of the nonsense codon. In certain embodiments, the amino acid
inserted is an arnino acid other than the amino acid which oceurs at the corresponding
location in the wild-type protein to produce a functional readthrough protein. The
functional readthrough protein produced by the suppression of the nonsense codon in
RNA transcribed from a pene(s) comprising & nonsense mutation is useful for treating,
preventing and/or managing a disease associated with the nonsense mutation(s) in the
gene(s).
[0011] The production of 2 functional rc&dfn:ough protein in a subject (including a
buman) by the suppression of a nonsense codon in RINA transcribed from a gene(s)
comprising a nonsense mutation using a nonsense codon suppressor agent has several
advaniages over other types of therapies conternplated for the prevention, treatment and/or
management of a disease associated with a nonsense mutation in a gene(s). For example,
the production of a functional readthrongh protein using a nonsense codon suppressor
agent does not involve the introduction of foreign genetic material into a subject as it does
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,
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such as a virus, used to introduce the foreign genetic material into the subject to other

subjects are eliminated.

[0012] The present iaventondisclosure provides methods of producing in a subject (preferably, a
human) in need thereof an effective amount of a functional readthrough protein(s) encoded

by a nucleic acid sequence comprising a nonsense mutation, the methods comprising
administering to the subject an effective amount of a nonsense codon suppressor agent(s).

In particular, the present taventiondisclosure provides methods for the treatment, management
and/or prevention of a disease associated with a nonsense mutation in a gene(s), the -

methods comprising administering to a subject (preferably, a human) in need thereof an

the agent(s) is the amount that is sufficient to produce an effective amount of a fimctional
readthrough protein(s) encoded by the gene comprising the nonsense mutation. Non-
limiting examples of diseases associated with a nonsense mutation in 2 gene(s) that can be
treated, managed and/or prevented in accordance with the method of the imventiondisclosure
include: amyloidosis, LINCL, hemophilia, Alzheimer’s disease, atherosclerosis, giantism,
dwarfism, hypothyroidizm, hyperthyroidism, eystic fibrosis, aging, obesity, Parkinson’s
disease, Niemann Pick’s disease, familial hypercholesterolemia, retinitis pigmentosa,
muscular dystrophy (e.g. Duchenne muscular dystrophy), spinal muscular atrophy and
Marfan syndrome,

[6013] In one aspect, the present isventiemdisclosure provides nonsense codon suppressor agents
that can be orally administered to a subject (preferably, a human) to prevent, treat and/or
manage a disease associated with 2 nonsense mutation in a gone, The nonsense codon
suppressor agents administered orally have none or few (if any) adverse side effects at the
dosage(s) that produces an effective amount of fanctional readthrough protein, Ina
specific embodiment, the nonsense codow suppressor agents do not result in renal failure
and/or hearing loss when orally administered to a subject (preferably, a human) at the
dosage(s) that produces an effective amount of functional readthrough protein. Thus, the
nonsense codon suppressor agents can be systemically (e.g., orally) administered long-
term without toxicities, such as renal failure end hearing loss,

[6014] The oral administration of 2 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
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with preventing, treating and/or managing a disease associated with a nonsense mutation
in a gene(s) because the cost of having a medical professional administer the agent has
been eliminated. The oral administration of a nonsense codon suppressor agent also
improves a subject’s quality of life since the subject is not restricted and/or
inconvenienced by appointnents to see medical professionals to receive his/her dosage of
nonsense codon suppressor agent. Further, the oral admimstration of a nonsense codon

. Suppressor agent permits delivery of systemic therapy to all disease-affected organ sites.
[0015] In another aspect, the present #venttendisclosure provides nonsense codon suppressor
agents that do not exhibit significant antibacierial activity against a gram-negative
microorganism and/or a gran-positive micmurgénim. in contrast 1o nonsenss codon
suppressor agents with antibacterial activity, the use of nonsense codon suppressor agents
that do not exhibit significant antibacterial activity against a gram-negative microorganism
and/or a gram-positive microorganism do not contribute to the development of bacterial
resistance to drugs with antibiotic activity. Further, the use of nonsense codon suppressor
agenis that do not exhibit significant antibacterial activity against a gram-negative
microorganism and/or a gram-positive organism will be unlikely to induce complications
related to pathological overgrowth of normal microbial flora as can happen with many
chronically administered antibiotics.
[0016] Thus, the present inventieadisclosure provides functional readthough proteins encoded by
nucleic acid sequences comprising a nonsense mutation that are produced by methods that
include administering = nonsense codon suppressor ageni(s) that is weil-tolerated in
subjects and does not have significant antibacterial activity against 2 gram-negative

microorganism and/or a gram-positive microorgamsm.

[0016a] In one aspect, there is provided the use of a nonsense codon suppressor agent or a

pharmaceutically acceptabie salt thereof in the preparation of a medicament for the treatment of:

R duchenne muscular dystrophy in 2 patient with = nonsense mutation at position
1417 or 492 of dystrophin;

b. oystic fibrosis in 2 patient with a nonsense mutation at position 414, 493, 542,
1162, 121, 14535, 822, 60, 764, 1261, 849, 434, 88, 1158 or 6542 of CFTR;

c. hemophilia A in a patient with a nonsense mutation at position 1535, 2114,

1395, 139, 583, 1941, 2116, or 1778 of factor VIIL

d. homophilia B in a patient with a ponsense mutation at position 333, 252,
31118, 116, or 338 of factor IX;

e mucopolysaccharidosis Il A in 2 patient with 2 nonsense mutation at position
40 or 233 of SGSH;
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£ Charcot-Mane Tooth disease type 4A in 2 patient with & nonsense mutation at

position 194 of gangiioside-induced differentiation-associated protein 1 (GDAPI);

g Charcot-Marie Tooth disease in a patient with a nonsense mutation at amino
acid position 132 of connexin 32;
h.

neurofibromatosis iv 2 patient with a nonsense mutation at position 1947, 1306

or 2456 of NF1;
i. polycystic kidney disease in a patient with a nonsense mutation at position
4086, 3818 or 3817 of PKD1; or

I tuberous sclerosis complex in a patient with 2 nonsense mutation at position
897 of TSC1;

k. duchenne muscular dystrophy in 2 patient with 2 nonsense mutation at position

1417, 3625, or 492 of dystrophin, wherein for a patient with a nonsense mutation at position 1417 of
dystrophin, funcional readthrough protein s produced kaving any amino acid residue at position 1417
of dystrophiin except ieucine, wherein for a patient with 2 nonsense mutation at position 3625 of
dystrophir, functional readthrongh protein is produced having any amino acid residue at position 3625
of dystrophin except glutamine, and wherein for 2 patient with a nonsense mutation at position 492 of

dystrophin, functional readthrougk protein is produced having any amino acid residue at position 492
of dystrophin except glutamine;

i cystic fibrosis in a patient with 2 nonsense mutation at position 414, 493, 1316,

553, 541, 1162, 122, 1455, 822, 60, 764, 1291, 849, 434, 88, 1158 or 6542 of CFTR, wherein for 2
patient with 2 nonsense mutation at position 414 of CFTR, functional readthrough protein is produced
having any amino acid residue at position 414 of CFTR except glutamine, wherein for a patient with a
norsense mutation at position 493 of CFTR, functional readthrough protein is produoed having any
amino acid residue at position 493 of CFTR except glutamine, wherein for a patient with 2 nonsense
mutation at poéitian 1316 of CFTR, functional readthrough protein is produced having any amino acid
residue at position 1316 of CFTR except tryptophan, wherein for 2 patient with 2 nonsense mutation at
position 533 of CFTR, functional readthrongh protein ‘is produced having any amino acid residue at
position 553 of CFTR except arginine, wherein for & patient with 2 nonsense mutation at position 542
of CFTR, functional readthrough protein is produced having any amino acid residue at position 542 of
CFTR except glycine, wherein for a patient with a nonsense mutation at position 1162 of CFTR,
functional readthrough protein is produced having any amino acid residue at pesidon 1162 of CFTR
except arginine, wherein for a patient with a nonsense mutation at position 122 of CFTR, functional
readthrough protein is produced having any amino acid residue at position 122 of CFTR except
“tyrasi,ne, wherein for a patient with a nonsense mutation at position 1455 of CFTR, functional
readthrough protein is produced having any amino acid residue at position 1455 of CFTR except
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serine, wherein for a patient with 2 nonsense mutation at position 822 of CFTR, functional readthrough
protein is produced having any amino acid residue at position 822 of CFTR except glutamic acid,
wherein for a patient with a nonsense mutation at poesition 60 of CFTR, functional readthrough protein
is produced having any amino acid residue at position 60 of CFTR except gintamic acid, wherein for 2
patient with 2 nonsense mutation at position 764 of CFTR, functional readthrough protein is produced
having any amino acid residue at position 764 of CFTR except arginine, wherein for a patient with a
nonsense rmutation at position 1291 of CFTR, functional readthrough protein is produced having any
amino acid residue at position 1291 of CFTR except glutamine, wherein for a ;ﬁatisnt with a nonsense.
mutation at position 849 of CFTR, functional readthrough protein is produced having any amino ecid
residue at position 849 of CFTR except tyrosine, wherein for 2 patient with a nonsense mutation at
position 434 of CFTR, functional readthrough protein is produced having any amino acid residue at
position 434 of CFTR except serine, wherein for a patient with 2 nonsense mutstion at position 88 of
CFTR, functional readthrough protein is produced having any amino acid residue at position 88 of
CFTR except leucine, wherein for 2 patient with a nomsense mutation sf position 1158 of CFTR,
functional readthrough protein is produced having any amino acid residue at posiion 1158 of CFIR
except arginine, and wherein for a patient with a nonsense mutation at position 6542 of CFTR,
functional readthrongh protein is produced having any amino acid residue at position 6542 of CFTR
except glycine;

m. hemophiliza A in a patient with & nonsense mutation at position 1029, 1792,
1535, 2116, 427, 1395, 139, 583, 1941, 1966, 2116, or 1778 of factor VIII, wherein for a patient with a
nonsense mutation at position 1029 of factor VIII, functional readthrough protein is produced having
any amino acid residue at position 1029 of factor VIII except tryptophan, wherein for a patient with a
nonsense mutation at position 1792 of factor VIII, functional readthrongh protein is produced having
any amino acid residue at position 1792 of factor VIII except tyrosine, wherein for a patient with a
nonsense mutation at pesition 1535 of factor VIIL, functional readthrough protein is produced having
any amino acid residue at position 1533 of factor VI except tryptophan, wherein for a patient with a
nonsense mutation at position 2116 of factor VIIL, functional readthrough protein is produced having

any amino acid residue at position 2116 of factor VIII except arginine, whereih for a patient with a
nonsense mutation at position 427 of factor VIII, functiona! readthrongh protein is produced having
any amino acid residue at position 427 of factor VI except arginine, wherein for a patient with a
nonsense mutation at position 1395 of factor VIIL, functional readthrough protein is produced having
any amino acid residue at position 1395 of factor VIII except serine, wherein for 2 patient with 2
nonsense mutation at position 139 of factor VIII, functional readthrough protein is produced having
any amino acid residue at position 139 of factor VIII except arginine, wherein for a patient with 2
nonsense mutation at position 583 of factor VIII, functional readthrough protein is produced having

any -amino acid residue at position 583 of factor VIl except arginine, wherein for 2 patient with a



n_onseﬁse mutation at position 1941 of factor VHIH1 functional readthrough protein is produced having
any amino acid residue at position 1941 of factor VIII except arginine, wherein for 2 patient with 2
nonsense mutation at position 1966 of factor VIII, functional readthrough protein is produced having
any amino acid residue af position 1966 of factor VIII except arginine, wherein for a patient with 2
nonsense mutation at position 2116 of factor VIIL, functional readthrough protein is produced having .
any amino acid residue at position 2116 of factor VIII except arginine, and wherein for 2 patient with 2
nonsense mutation at-position 1778 of factor VIIL functional readthrough protein is produced baving
any amino acid residue at pesition 1778 of factor VIII except glutamine;

n. ~ hemophilia B in a patient with a nonsense mutation at position 333, 252,
31118, 116, or 33% of factor [X, wherein for a patient with 2 nonsense mutation at position 333 of
factor [X,, functional readthrough protein is produced having any amino acid residue at position 333 of
factér IX except arginine, wherein for a patient with a nonsense mutation at position 252 of factor I¥,
functional readthrough protein is produced having any amino acid residue at position 252 of factor IX
except arginine, wherein for a patient with 2 nonsense routation at position 31118 of factor IX,
functional readthrough protein is produced having any amino acid residue at position 31118 of factor
IX except cysteine, wherein for a patient with a nonsense mutation at position 116 of factor I¥,
functional readthrough protein is produced having any amino acid residue at position 116 of factor IX
except arginine, and wherein for z patient with a nonsense mutation at position 338 of factor I,
functional readthrough protein is produced having any amino acid residue at position 338 of factor IX
except arginine;

0. mucopolysaccharidosis III A in a patient with a nonsense mutation at position
40 or 233 of SGSH, wherein for a patient with 2 nonsense mutation at position 40 of SGSH, functional
readthrough protein is produced having any amino acid residue at position 40 of SGSH except tyrosine
and wherein for 2 patient with a nonsense mutation at position 233 of SGSH, functional readthrough
protein is produced having any amino acid residue at position 233 of SGSH except arginine;

p. Charcot-Marie Tooth disezse type 4A in a patient with a nonsense mutation at
position 194 of ganglioside-induced differentiation-associated protein 1 (GDAP1), wherein for a
patient with a nonsense mutation at position 194 of GDAP1, functional readthrongh protein is

produced having any amino acid residue at ‘position 194 of GDAP! except serine;

q- Charcot-Marie Tooth disease in a patient with 2 nonsense mutation at amino
acid position 132 of connexin 32, wherein for a patient with 2 norsense mutation at position 132 of
connexin 32, functional readthrough protein is produced having any amino acid residue at position 132

of connexin 32 except fryptopham;



L. neurofibromatosis in a patient with a nonsense mutation at position 1947, 1306
or 2496 of NF1, wherein for 2 patient with 2 nonsense mutation at position 1947 of NF1, functional
readthrough protein is produced having any amino acid residue at position 1947 of NF} except
arginine, wherein for a patient with a nonsense mutation at position 1306 of NF1, functional
readthrough protein is produced having any amino acid residue at position 1306 of NF1 except
arginine, and wherein for a patient with 2 nonsense mutation at positioﬁ 2496 of NF1, functional
readthrough protein is produced having any amino acid residve at position 2496 of NF1 except
arginine;

5 potycystic kidney disease in @ patient with & nonsense mutation at position
4086, 3818 or 3817 of PKD!, wherein for a patient with a nonsense mutation at position 4086 of
PKDI, functional readthrough protein is produced having any amino acid residue at position 4086 of
PKD1 except cysteine, wherein for & patient with a nonsense mutation a¢ position 3818 of PKDI,
functional readthrough protein is produced having any amino acid residue at position 3818 of PKDI
except fyrosine, and wherein for 2 pationt with a nonsense mutation at position 3817 of PKDI,
functional rsadthrough protein is produced having any amino acid residue at position 3817 of PKD1
except cysteine; or

t. tuberous sclerosis complex in a patie:nt‘ with 2 nonsense mutation at position
897 of TSC1, wherein for a patient with a nonsense mutation at position §97 of TSCI, functional
readthrongh protein is produced baving any amino acid residue at position 897 of TSC! except
glutamine;
wherein the nonsense codon suppressor agent has the formula:
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or a pharmaceutically acceptable salf thereof,
[0016b] Tn another aspect, there is provided the use of a nonsense codon suppressor agent or a
pharmaceutically acceptable salt thereof in the preparation of a medicament for the production of
a functional readthough protein in a subject, wherein
2, the functional readthrongh protein has any amino acid residue at position 1417
of dystrophin except levcine, any amino acid residue at posmcm 3625 of dystrophm except glutamine,
or any amino acid residue at position 492 of dystrophin except glutamine;
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b. the functional readthrough protein has any amino acid residue at position 414
of CFTR except ghutamine, any amino acid residue at position 493 of CFTR except glutamine, any
amino acid residue at position 1316 of CFTR except fryptophan, any amino acid residue at position 353
of CFTR except argining; any amino acid residue at position 542 of CFIR except glycine, any amino
acid residue at position 1162 of CFTR except arginine, any amino acid residue at position 122 of CFTR
except fyrosine, any amino acid residue at position 1455 of CFTR except serine, any amino acid
residue at position 822 of CFTR except glutamic acid, any amino acid residue at position 60 of CFTR
except glutamic acid, any amino acid residue at position 764 of CFTR except arginine, any amino acid
re:sidué at position 1291 of CFTR except glutamine, any amino acid residue at position 849 of CFTR
except tyrosine, any amino acid residue at position 434 of CFTR except serine, any amino acid residue
at position 88 of CFTR except leucine, any amino acid residue at position 1158 of CFTR except
arginine, or any amino acid residue at position 6542 of CFTR except glycine; ‘

c. the functional readthrough protein has any amino acid residue at position 1029
of Factor VIII except ﬁfxptaphans any aming acid residue st position 1792 of Factor VI except
tyrosine, any amino acid residue at position 1535 of Factor VI except tryptophan, any amino acid
residue at position 2116 except arginine, any amino acid residue at position 427 of Factor VIII except
arginine, any amino acid residue at position 1395 of Factor VIII except serine, any amino acid residue
at position 139 of Factor VIII except glutamine, any amino zcid residue at position 583 of Factor VIII
except arginine, any amino acid residue at position 1941 of Factor VI except arginine, any amino acid
residue at position 1966 of Factor VIII except arginine, any amino acid residue at position 2116 of
Factor VIII except arginimne, or any amino acid residue at position 1778 of Factor VI except
glutamine;

A - the functional readthrough protein has any amino acid residue at position 333
of Factor IX except arginine, any amino acid residue at position 252 of Factor IX except arginine, any
amnino acid residue at position 31118 of Factor I{ except cysteine, any amino acid residue at position
116 of Factor [X except arginipe, or any amino acid residue at position 338 of Factor IX except
arginine;

e the functional readthrough protein has any amino acid residue at position 40 of
SGSH except tyrosine or any amino acid residue at position 233 of SGSH except arginine;

f. the functional readthrough protein has any amino acid residue at position 194

of ganglioside-induced differentiation-associated protein 1 except a serine;

g the functional readthrough protein bas any amino acid residue at position 132
of connexin 32 except fryptophan;

h. the functional readthrough protein has any amino acid residue at position 1947
of NF1 except arginine, any amino acid residue at position 1306 of NF1 except arginine, or any amino

acid residue at position 2496 of NF1 except arginine;



i, the functional readthrough protein has any amino acid residus at position 4086
of PKD] except cysteine, any amino acid residue at position 3818 of PKD1 gxcept tyrosine, or any

amino acid residue at position 3817 of PKD1 éxcept cysteine; or

J- the functional readthrough protein has any amino acid residue at position 897
of TSCI except glitamine;

and wherein the nonsense codon suppressor agent has the formula:
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or a pharmaceutically acceptable salt thereof,

[0016¢] In another aspect, there is provided the use of a nonsense codon suppressor agent or a
pharmaceutically acceptable salt thereof in the preparation of a medicament for the treatment of

achromatopsia associated with a nonsense mutation, wherein the agent has the formula:

0" 0
or a pharmaceutically acceptable salt thereof.

[0016d] In another aspect, there is provided the use of a nonsense codon suppressor agent having

- _
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the formula:
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in the preparation of 2 medicament for the production of an effective amount of a functional
readthrqugh protein encoded by 2 nucleic acid sequence comprising 2 nonsense mutation, wherein the
medicarnent 15 formulated for oral administration to 2 human subject, and wherein the medicament is
formulated for administration of the nonsense codon suppressor agent in an amount of between 0.1
mg/kg and 500 mg/kg per day, divided into three doses with the first and second doses each being 25%
of the total amount administered and the third dose being 50% of the total amount administered,

[0016€] In another aspect, there is provided the use of a nonsense codon suppressor agent having

the formula:

R
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in the preparation of a medicament for the production of an effective amount of 2 functional
readthrough protein encoded by & nucleic acid sequence comprising a nonsense mutation, wherein the
medicament is formulated to be administered to 2 human subject, and wherein the medicament is
formulated for administration of the nonsense codon suppressor agent i an amount sufficient fo

produce & plasma concentration of 0.1 ng/m! to 500 pg/mi of the agent for at ieast 2 hours.

[0016f] In another aspect, there is provided the use of a nonsense codon suppressor agent having
the formula:

R

N—O
[y
N

0 O’H

in the preparation of 2 medicament for the production of an effective amount of a functional
readthrough protein encoded by 2 nucleic acid sequence comprising a nowsense mutation, whersin the
medicament is formulaied to be administered to a buman subject, and whersin the medicament is
formulated for administration of the nonsense codon suppressor agent in an amount which does not

exhibit significant antibacterial activity against a gram-negative microorganism and/or 2 gram-positive
microorgantsm.



4. DESCRIPTION OF THE FIGURES .
[0017] FIG1. Schematic of mRNA derived from luciferase reporter constructs.

[0018] TFIGS. 2A-2E. mBENA derived from Luciferase-CD40 reporter in mRNA
constructs.

[0015] FIG 3. Schematic of mouse B-tubulin mRNA.

5. DETAILED DESCRIPTION OF THE INVENTION
[8020] The present invention is based, in part, upon the discovery of nonsense codon

suppressor agents that can be systernically administered to a subject (including humans) to
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1. Use of a compound having the formula :

=
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or a pharmaceutically acceptable salt thereof in the preparation of # medicament for the

treatment of:

a. duchenne muscular dystrophy in a pgdent with a nonsense mutation at
position 1417, 3625, or 492 of dystrophin; or

b. cystic fibrosis in a patient witl''a nonsense mutation at position 414, 493,

1316, 553, 542, 1162, 122, 1455, 822, 60, 764, 1291, 849, 434, 88; 1158 or 6542 of CFTR.

or a pharmacepfically accepiable salt thereof in the preparation of 2 medicament for the
production 6 a fanctional readthrough protein in a subject having muscular dystrophy or cystic
fibrosig,wherein

a the functional readthrough protein has any amine acid residue at position

JA17 of dystrophin except leucine, any amino acid residue at posttion 3625 of dystrophin except
ghitamine, or any amino acid residue at position 492 of dystrophin except glutamine;

b. the functional readthrough protein has any amino acid residue at position

7
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glutamine, any amino acid residue at position 1316 of CFTR except tryptophan, any amino aci

residue at position 353 of CFTR except arginine; any amino acid residue at position 342 o

1455 of CFTR except serine, any amino acid residue at position 822 of C except glutarnic

acid, amy amino acid residue at position 60 of CFTR except ghutamic aeid, any amino acid
residue at position 764 of CFTR except arginine, any amino acid pesidue at position 1281 of
CFTR except glutamine, any amino acid residue at position 849 of CFTR. except tyrosine, any
amino acid residue at position 434 of CFIR except seripg, any amino acid residue at position 88
of CFTR except leucine, any amino acid residue atposition 1158 of CFTR except arginine, or

any amino acid residue at position 6542 of C except glycine.

3. The use of either of claims 1 or 2, wherein the effeciive amount of the compound

having formula:

K
N’OFh
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ora aceutically acceptable salt thereof, is between 0.1 mg/kg and 500 mg/kg per day,

ded into three doses with the first and second doses each being 25% of the total amount
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Claims

1. Use of a nonsense codon SUppressor agent or 2 pharmaceutically acceptable salt thereof in the
preparation of a medicament for the treatment of:

a. duchenne muscular dystrophy in a patient with a nonsense mutation at position
1417 or 492 of dystrophin;

b. cystic fibrosis in 2 patient with a nonsense mutation at position 414, 493, 542,
1162, 122, 1455, 822, 60, 764, 1291, 849, 434, 88, 1158 or 6542 of CFTR;

c. hemophilia A in 2 patient with a nonsense mutation at position 1535, 2116,
1395, 139, 583, 1941, 2116, or 1778 of factor VIII;

d. hemophilia B in-a patient with a nonsense mutation at position 333, 252,
31118, 116, or 338 of factor IX;

e. mucopolysaccharidosis III A in a patient with & nonsense mutation at posttion
40 or 233 of SGSH;
' f. Charcot-Marie Tooth disease type 4A in a patient with 2 nonsense mutation at

position 194 of ganglioside-induced differentiation-associated protein 1 (GDAP1Y;

g Charcot-Marie Tooth disease in a patient with 2 nonsense mutation at amino

acid position 132 of connexin 32;

h. neurofibromatosis in a patient with a nonsense mutation at position 1947, 1306

ot v

polycystic kidney disease in a patient with a nonsense mutation at position
4086, 3818 or 3817 of PKD1; or

it fuberous scierosis complex in & patient with a nonsense mutation at position
897 of TSC1;
K. duchenne muscular dysirophy in a patient with 2 nonsense mutation at position

1417, 3625, or 492 of dystrophin, wherein for a patient with a nonsense mutation at position 1417 of
dystrophin, functional readthrough protein is produced having any amine acid residue at position 1417
of dystrophin except leucine, wherein for a patient with a nonsense mutation at position 3625 of
dystrophin, functional readthrough protein is produced having any amino acid residue at position 3625
of dystrophin except giutamine, and wherein for a patient with a nonsense mutation at position 492 of
dystrophin, functional readthrough protein is produced having any amino acid residue at position 492
of dystrophin except glutamine;

I cystic fibrosis in a patient with a nonsense mutation at position 414, 493, 1316,
553, 542, 1162, 122, 1455, 822, 60, 764, 1291, 849, 434, 88, 1158 or 6542 of CFTR, wherein for a
patient with a nonsense mutation at position 414 of CFTR, functional readthrough protein is produced
having any amino acid residue at position 414 of CFTR except glutamine, wherein for a patient with a
nonsense mutation at position 493 of CFTR, functional readthrough protein is produced having any
amino acid residue at position 493 of CFTR except glutamine, wherein for a patient with a nonsense

mutation at position 1316 of CFTR, functional readthrough protein is produced having any amino acid
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residue at position 1316 of CFTR except tryptophan, wherein for 2 patient with a nonsense mutation at
position 533 of CFTR, functional readthrough protein is produced having any amino acid residue at
position 553 of CFTR except arginine, wherein for a pétient with a nonsense mutation at position 542
of CFTR, functional readthrough protein is produced having any amino acid residue at position 542 of
CFTR except glycine, wherein for a patient with a nonsense mutation at position 1162 of CFTR,
functional readthrough protein is produced having any amino acid residue at position 1162 of CFTR
except arginine, wheretn for 2z patient with a nonsense mutation at position 122 of CFTR, functional

readthrough protein is produced having any amino acid residue at position 122 of CFTR except
“tyros'me, wherein for a patient with a nonsense mutation at position 1455 of CFTR, functional

readthrough protein is produced having any amino acid residue at position 1455 of CFTR except
serine, wherein for a patient with a nonsense mutation at position §22 of CFTR, functional readthrough

protein is produced having any amino acid residue at position 822 of CFTR except glutarnic acid,
wherein for a patient with a nonsense mutation at position 60 of CFTR, functional readthrough protein
is produced having any amino acid residue at position 60 of CFTR except glutamic acid, wherein for a
patient with a nonsense mutation at position 764 of CFTR, functional readthrough protein is produced
having any amino acid residue at position 764 of CFTR except arginine, wherein for a patient with a
ponsense mutation at position 1291 of CFTR, functional readthrough protein is produced having any
amino acid residue at position 1291 of CFTR except glutamine, wherein for a patient with a nonsense
mutation at position 849 of CFTR, functional readthrough protein is produced having any amino acid
residue at position 849 of CFTR except tyrosine, wherein for a patient with a nonsense mutation at
position 434 of CFTR, functional readthrough protein is produced having any amino acid residue at
position 434 of CFTR except serine, wherein for a patient with a nonsense mufation at position 88 of
CFTR, functional readthrough protein is produced having any amino acid residue at position 88 of
CFTR except lencine, wherein for a patient with a nonsense mutation at position 1158 of CFTR,
functional readthrough protéin is produced having any amino acid residue at position 1158 of CFTR
except arginine, and wherein for a patient with 2 nonsense mutation at position 6542 of CFTR,
functional readthrough protein is produced having any amino acid residue at position 6542 of CFTR
except glycine;

| m. hemophilia A in a patient with a nonsense mutation at position 1629, 1792,
1535, 2116, 427, 1395, 139, 583, 1941, 1966, 2116, or 1778 of factor VIIL, wherein for a patient with a
nonsense mutation at position 1029 of factor VHI, functional readthrough protein is produced having
any amino acid residue at position 1029 of factor VII except tryptophan, wherein for a patient with a
nonsense mutation at position 1792 of factor VIII, functional readthrough protein is produced having
any amino acid residue at position 1792 of factor VIII except tyrosine, wherein for a patient with a
nonsense mutation at position 1535 of factor VIIL, functional readthrough protein is produced having
any amino acid residue at position 1535 of factor VIII except tryptophan, wherein for a patient with a

nonsense mutation at position 2116 of factor VIII, functional readthrough protein is produced having
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any amino acid residue at position 2116 of factor VIII except arginine, wherein for a patient with a
nonsense mutation at position 427 of factor VIII, functional readthrough protein is produced having
any amino acid residue at position 427 of factor VI except arginine, wherein for a patient with a
nonsense mutation at position 1395 of factor VIII, functional readthrough protein is produced having
any amino acid residue at position 1395 of factor VIII except serine, wherein for a patient with a
nonsense mutation at position 139 of factor VIIL, functional readthrough protein is produced having
any amino acid residue at position 139 of factor VIII except arginine, wherein for a patient with a
nonsense mutation at position 583 of factor VIII, functional readthrough protein is produced having
any amino acid residue at position 583 of factor VIII except arginine, wherein for a patient with a
nonsense mutation at'position 1941 of factor VI, functional readthrough protein is produced having
any amino acid residue at position 1941 of factor VIII except arginine, wherein for a patient with a
noasense mutation at position 1966 of factor VIII, functional readthrough protein is produced having
any amino acid residue at position 1966 of factor VIII except arginine, wherein for a patient with a
nonsense mutation at posttion 2116 of factor VIII, functional readthrough protein is produced having
any amino acid residue at position 2116 of factor VIII except arginine, and wherein for a patient with a
nonsense mutation at position 1778 of factor VIIL, functional readthrough protein is produced having
any amino acid residue at position 1778 of factor VII] except glutamine;

n. ~ hemophilia B in a patient with a nonsense mutation at position 333, 252,
31118, 116, or 338 of factor IX, wherein for a patient with a nonsense mutation at position 333 of
factor IX, functional readthrough protein is produced having any amino acid residue at position 333 of
factor [X except arginine, wherein for a patient with a nonsense mutation at position 252 of factor IX,
functional readthrough protein is produced having any amino acid residue at position 252 of factor IX
except arginine, wherein for a patient with a nonsense mutation at position 31118 of factor IX,
functional readthrough protein is produced having any amino acid residue at position 31118 of factor
IX except cysteine, wherein for a patient with a nonsense mutation at position 116 of factor IX,
funetional readthrough protein is produced having any amino acid residue at position 116 of factor IX
except arginine, and wherein for a patient with a nonsense mutation at position 338 of factor IX,
functional readthrough protein is produced having any amino acid residue at position 338 of factor IX
except arginine;

0. nucopolysaccharidosis I A in a patient with a nonsense mutation at position
40 or 233 of SGSH, wherein for a patient with a nousense mutation at position 40 of SGSH, functional
readthrough protein is produced having any amino acid residue at position 40 of SGSH except tyrosine
and wherein for 2 patient with a nonsense mutation at position 233 of SGSH, functional readthrough
protein is produced baving any amino acid residue at position 233 of SGSH except arginine;

p. Charcot-Marie Tooth disease type 4A in a patient with a nonsense mutation at
position 194 of ganglioside-induced differentiation-associated protein 1 {(GDAPI), wherein for a
patient with a nonsense mutation at position 194 of GDAPl, functional readthrough protein is

produced having any amino acid residue at position 194 of GDAP] except serine;
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q. Charcot-Marie Tooth disease in a patient with 2 nonsense mutation at amino
acid position 132 of connexin 32, wherein for a patient with 2 nonsense mutation at position 132 of
connexin 32, functional readthrough protein is produced having any amino acid residue at position 132
of connexin 32 except tryptophan;

I, neurofibromatosis in a patient with a nonsense mutation at position 1947, 1306
or 2496 of NF1, wherein for a patient with a nonsense mutation at position 1947 of NF 1, functiona]
readthrough protein is produced having any amino acid residue at position 1947 of NFI except
arginine, wherein for a patient with a nonsense mutation at position 1306 of NF1, functional
readthrough protein is produced having any amino acid residue at position 1306 of NF1 except
arginine, and wherein for a patient with a nonsense mutation at position 2496 of NF1, functional
readthrough protein is produced having any amino acid residue at position 2496 of NF1 except
arginine; ‘

8. polycystic kidney disease in a patient with a nonsense mutation at position
4086, 3818 or 3817 of PKDI, wherein for a patient with a nonsense mutation at position 4086 of
PKDI, functional readthrough protein is produced having any amino acid residue at position 4086 of
PKDI except cysteine, wherein for a patient with a nonsense mutation at position 3818 of PKDI,
functional readthrough profein is produced having any amino acid residue at position 3818 of PKDI
except tyrosine, and wherein for a patient with a nonsense mutation at position 3817 of PKDI,
functional readthrough protein is produced having any amino acid residue at position 3817 of PKDI1
except cysteine; or

t. tuberous sclerosis complex in a patient with a nonsense mutation at position
897 of TSCI, wherein for a patient with a nonsense mutation at position 897 of TSCI, functional
readthrough protein is produced having any amino acid residue at position 897 of TSC! except
glutamine;

wherein the nonsense codon suppressor agent has the formula:

F
N~Q
[z
N
O O’H
or a pharmaceutically acceptable salt thereof. .
2. Use of a nonsense codon suppressor agent or 2 pharmaceutically acceptable salt thereof in the

preparation of a medicament for the production of a functional readthrough protein in a subject,
wherein

a, the functional readthrough protein has any amino acid residue at position 1417
of dystrophin except leucine, any amino acid residue at position 3625 of dystrophin except glutamine,

or any amino acid residue at position 492 of dystrophin except glutamine;
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b. the functional readthrough protein has any amino acid residue at position 414
of CFTR except glutamine, any amino acid residue at position 493 of CFTR except glutamine, any
amino acid residue at position 1316 of CFTR except tryptophan, any amino acid residue at position 553
of CFTR except arginine; any amino acid residue at position 542 of CFTR except glycine, any amino
acid residue at position 1162 of CFTR except arginine, any amino acid residue at position 122 of CFTR
except tyrosine, any amino acid residue at position 1455 of CFTR except serine, any amino acid
residue at position 822 of CFTR except glutamic acid, any amino acid residue at position 60 of CFTR

except glutamic acid, any amino acid residue at position 764 of CFTR except arginine, any amino acid

residue at position 1291 of CFTR except glutamine, any amino acid residue at position 849 of CFTR
except tyrosine, any amino acid residue at position 434 of CFTR except serine, any amino acid residue
at positiop 88 of CFTR except leucine, any amino acid residue at position 1158 of CFTR except
arginine, or any amino acid residue af position 6542 of CFTR except glycine;

c. the functional readthrough protein has any amino acid residue at position 1029
of Factor VII except Ujfptophan, any amine acid residue at position 1792 of Factor VIII except
tyrosine, any amino acid residue at position 1535 of Factor VIII except tryptophan, any amino acid
residue at position 2116 except arginine, any amino acid residue at position 427 of Factor VIII except
arginine, any amino acid residue at position 1395 of Factor VIII except serine, any amino acid residue
at position 139 of Factor VIII except glutamine, any amino acid residue at position 583 of Factor VIII
except arginine, any amino acid residue at position 1941 of Factor VIII except arginine, any amino acid
residue at position 1966 of Factor VIIT except arginine, any amino acid residue at position 2116 of
Factor VIII except arginine, or any amino acid residue at position 1778 of Factor VII except
glutamine;

d. - the functional readthrough protein has any amine acid residue at position 333
of Factor IX except arginine, any amino acid residue at position 252 of Factor [X except arginine, any
amino acid residue at position 31118 of Factor IX except cysteine, any amino acid residue at position
116 of Factor IX except arginine, or any amino acid residue at position 338 of Factor IX except
arginine;

e. the functional readthrough protein has any amino acid residue at position 40 of
SGSH except tyrosine or any amino acid residue at position 233 of SGSH except arginine;

f. the functional readthrough protein has any amino acid residue at position 194
of ganglioside-induced differentiation-associated protein 1 except a serine;

g the functional readthrough protein has any amino acid residue at position 132
of connexin 32 except tryptophan;

h. the functional readthrough profein has any amino acid residue at position 1947

of NF1 except arginine, any amino acid residue at position 1306 of NF1 except arginine, or any amino

acid residue at position 2496 of NF1 except arginine;
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i the functional readthrough protein has any amino acid residue at position 4086
of PKD1 except cysteine, any amino acid residue at position 3818 of PKDI except tyrosine, or any
amino acid residue at position 3817 of PKD1 except cysteine; or

] the functional readthrough protein has any amino acid residue at position 897
of TSC1 except glutamine;

and wherein the nonsense codon suppressor agent has the formula:

K
N-Q
[ 4
N
~H
0”0
or a pharmaceutically acceptable salt thereof.
3. Use of a nonsense codon suppressor agent or a pharmaceutically acceptable salt thereof in the

preparation of a medicament for the treatment of achromatopsia associated with a nonsense mutation,
wherein the agent has the formula:
R
N~ ==
'y

N\ _/

H
0" 0

or a pharmaceutically acceptable salt thereof.,

4. Use of a nonsense codon suppressor agent having the formula:

F.'
N—-Q
]

p
N
oo "

in the preparation of a medicament for the production of an effective amount of a functional
readthrough protein encoded by a nucleic acid sequence comprising a nonsense mutation, wherein the
medicarhent is formulated for oral administration to a human subject, and wherein the medicament is
formulated for administration of the nonsense codon suppressor agent in an amount of between (.1
mg/kg and 500 mg/kg per day, divided into three doses with the first and second doses each being 25%

~ of the total amount administered and the third dose being 50% of the total amount administered.
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5. Use of a nonsense codon suppressor agent having the formula:
R
N—O
[y
N
H
o 0O

in the preparation of a medicament for the production of an effective amount of a functional
readthrough protein encoded by a nucleic acid sequence cOmprising a nonsense mutation, wherein the
medicament is formulated to be administered to a2 human subject, and wherein the medicament is
formulated for administration of the nonsense codon suppressor agent in an amount sufficient to

produce a plasma concentration of 0.1 pg/ml to 500 pg/mi of the agent for at least 2 hours.

6. Use of a nonsense codon suppressor agent having the formula:
E
-0
Loy
N
H
o7 O

in the preparation of a medicament for the production of an effective amount of a functional
readthrough protein encoded by a nucleic acid sequence comprising a nonsense mutation, wherein the
medicament is formulated to be administered to a human subject, and wherein the medicament is
formulated for administration of the nonsense codon suppressor agent in an amount which does not
exhibit sigﬁiﬁcant antibacterial activity against a gram-negative microorganism and/or a gram-positive

microorganism.



