CLAIMS:

1. An RNAI agent for inhibiting expression of a double homeobox 4 (DUX4) gene,
comprising:
1. an antisense strand comprising at least 17 contiguous nucleotides differing
by 0 or 1 nucleotides from any one of the sequences provided in Table 2,
Table 3, or Table 5.4; and
ii. a sense strand comprising a nucleotide sequence that is at least partially

complementary to the antisense strand.

2. The RNAI agent of claim 1, wherein the antisense strand comprises nucleotides 2-18 of

any one of the sequences provided in Table 2, Table 3, or Table 5.4.

3. The RNAi agent of claim 1 or claim 2, wherein the sense strand comprises a nucleotide
sequence of at least 17 contiguous nucleotides differing by 0 or 1 nucleotides from any
one of the sequences provided in Table 2, Table 4.1, Table 4.2, Table 4.3, Table 4.4,

Table 4.5, Table 4.6, or Table 5.4, and wherein the sense strand has a region of at least

85% complementarity over the 17 contiguous nucleotides to the antisense strand.




&-4.The RNAI agent of any one of claims 1-37, wherein the antisense strand comprises the

nucleotide sequence of any one of the modified sequences provided in Table 3.

9.5.The RNAI agent of any one of claims 1-48, wherein the sense strand comprises the
nucleotide sequence of any one of the modified sequences provided in Table 4.1, Table

4.2, Table 4.3, Table 4.4, Table 4.5, Table 4.6, or Table 5.4.

16:6. The RNAI agent of claim 1, wherein the antisense strand comprises the nucleotide
sequence of any one of the modified sequences provided in Table 3 and the sense strand
comprises the nucleotide sequence of any one of the modified sequences provided in

Table 4.1, Table 4.2, Table 4.3, Table 4.4, Table 4.5, Table 4.6, or Table 5.4.

H-7. The RNAI agent of any one of claims 1-610, wherein the RNAIi agent is linked to

a targeting ligand.
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15:8. The RNAI agent of any-efclaims 71114, wherein the targeting ligand is selected

from the group consisting of:
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avp6 ///Z“

Peptide 1 0

or a pharmaceutically acceptable salt thereof, wherein § indicates the point of connection to the

RNA1 agent.

16:9. The RNAI agent of any one of claims 1-8+5, wherein the RNAi agent is further

linked to a pharmacokinetic/pharmacodynamic (PK/PD) modulator.

+710. The RNAI agent of claim 916, wherein the PK/PD modulator is linked to the

sense strand.

18:11. The RNAI agent of claim 107, wherein the PK/PD modulator is linked to the 3’

terminal end of the sense strand.

19-12. The RNAI agent of any one of claims 9-11+6-+8, wherein the PK/PD modulator is

selected from the group consisting of:

242



iy
%7
i N /\)?\ H /\/\O/ﬁﬁ = (l)
&4 -

)
@)
n/'/\ﬁO\/\}nQ/

0

O

m
PEG40K (2x2-arm),
wherein n and m are integers, and the molecular weight of the PEG groups is about 40
kilodaltons

—(CH,CH,0),—CH,

—(CH,CH,0),—CH

CH30—(CH,CH,0),—CH o
—( hn—CH

CH30—(CH,CH,0),—¢ e
HC—-0-(CHy)3—N—C~CHyCH,—N
o

o
PEG40K (4-arm),
wherein n is an integer, and the molecular weight of the PEG groups is about 40 kilodaltons

CH30—(CH,CH,0),—CH, o

CH30—(CH,CH,0),—CH e
HC—-0-(CHy)3—N—C—CH,CH,—N

O
PEG40K (2-arm),
wherein n is an integer, and the molecular weight of the PEG groups is about 40 kilodaltons

o)

(0]
H n
CH3O—(CHZCHZO)n-(CHz)g,—N—C—CH20H2—N§:j\

O
PEG40K,
wherein n is an integer, and the molecular weight of the PEG groups is about 40 kilodaltons

243




)

(@]
H i
CH30—(CH,C H20)n-(CH2)3—N—C—CHQCHZ—Ni:j\
P

o
PEGI10K,
wherein n is an integer, and the molecular weight of the PEG groups is about 10 kilodaltons

0

(0]
H
CH3O—(CHZCH20)n-(CH2)3—N—C—CHZCH2—N§’]\
>

o
PEG5K,
wherein n is an integer, and the molecular weight of the PEG groups is about 5 kilodaltons

0 o)
/\/\/\/\/\/\/\/\)J\ /IIDI\ i i
\/\/\/\/\/\/\/\/\([)r/grf s o\/\ﬁk(OCHzCHz)nNHJ\/\KL
(0]
DSPE-PEG5K-NHS

wherein n is an integer and the molecular weight of the PEG groups is about 5 kilodaltons

o]

OSSN BN I T
o X o-P-o H T
\/\/\/\/\/\/\/\/YO\\ L O \/\HX(QCHZCHZ)nNCCHZCHZCHQN;I\E

o) 0
DSPE-PEG5K-MAL
Wherein n is an integer and the molecular weight of the PEG groups is about 5 kilodaltons

/\/\/\/\/\/\/\/\)OJ\ 9 i
-P~ I
\/\/\/\/\/\/\/\/\O[ro\; H ° o o\/\ﬁJ\(OCHZCHZ)”_H_C_CHZQHZ
N
0 [ N
EJ:N'
DSPE-PEG5K-N3
wherein n is an integer and the molecular weight of the PEG groups is about 5 kilodaltons

0
/\/\/\/\/\/\/\/\/\/\)J\N(\/Oj\/\”):(\/\

23

PEG47+C22

244




O
)J\N,(/\/OV\N

b T

23
PEG47+CLS (cholesterol)

O O O (o)
M}m(\/omm)]\/\o/\/o\/\o/\/o\/\m)k/\ﬁ

PEG23+C22

MLN/\QO\/\}N o/\/o\/\o/\/o\/\NJ\/\)i%
M /\(/O\/\}N o/\/o\/\o/\/O

Bis(PEG23+C14)

\Hz)oOJ\N{/\/Ots/\N ¢ 0 o
HH :-IAK\/\OE\N_LA"P;;\
MMNWL/\OJ;VN‘RS{NV ) ¥

Bis(PEG23+C22)

H;(r)( HJYAONHNJ(VOVN—&A F~ o 9
(0] o 04 N—k/\N
L o .o UL

3

Bis(PEG47+C22)
@) N N
ﬁi AR G A L o
@) 0
O
PEG48+C22

245




0O @)
g/\)J\ \)\/\H/H\(\/\OMHWOES/\HM

PEG71+C22

0 o H Q H H
QVL”WOWNV\ON”WOWN\/\CO/\X?M
0] 0] @)
o

PEG95+C22

PEGY95+CLS

iy wowmwowowowowww ﬁ
M /\/QO\/% J\/\O/\/O\/\O/\/O

B15(PEG23+C18)

J)L N/(VO%/\NM
z;(W”“ON°$ON°W jé ~ Y Mo W

e

O~ 'NH

%Viﬂiwo

Tris(PEG23+C22)

246




g BT

et

Bis(PEG23+CLS)

247




o g
O
B e YJ?
n O O
PEG5K+C22
wherein n is an integer and the molecular weight of the PEG units is about 5 kilodaltons

(0]
) N
/\/\/\/\/\/\/\/\)LN/\G/ \)/\N/ N
H 10 \\<N
S

Y
CIg

0 @)

W i
I
N—(CH;CH;0),CH~C-ON

)

$

(NHS)-PEGIK+C18
wherein n is an integer and the molecular weight of the PEG units is about 1 kilodalton

o o)
PP | 2
N—(CHzCH,0),CH,~C-O-N
4 K

(NHS)-PEG2K+C18
wherein n is an integer and the molecular weight of the PEG units is about 2 kilodaltons

0]
O O
H 2 2%)n H g ;e

(NHS)-PEG5K+C18
wherein n is an integer and the molecular weight of the PEG units is about 5 kilodaltons

0]
/\/\/\/\/\/\/\/\)J\ - — N
H (CH,CH,0), H )

(MAL)-PEG5K+C18
wherein n is an integer and the molecular weight of the PEG units is about 5 kilodaltons

o r
0} H o] H
/\/\/\/\/\/\/\/\)J\
H/\/NINO%{\H)LMOX“\/N\(@/\/N {
PEG48+C18

248




or a pharmaceutically acceptable salt thereof, wherein 2 indicates the point of connection to the

RNALI agent.

20-13. The RNA1 agent of any one of claims 9-1117-19, wherein the PK/PD modulator is
selected from the group consisting of:
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27-14. The RNA1 agent of any one of claims 1-1326, comprising an antisense strand that
consists of, consists essentially of, or comprises a nucleotide sequence that differs by 0 or

1 nucleotides from one of the following nucleotide sequences (5’ =2 3'):

UAGAAUUUCACGGAAGAAC (SEQ ID NO:22);
UGAAACCAGAUCUGAAUCC (SEQ ID NO:10);
UUGAAACCAGAUCUGAAUC (SEQ ID NO:14);
UAGAAUUUCACGGAAGAACAG (SEQ ID NO:164);
UGAAACCAGAUCUGAAUCCUG (SEQ ID NO:162);
UUGAAACCAGAUCUGAAUCCU (SEQ ID NO:163); and
UUGAAACCAGAUCUGAAUCCC (SEQ ID NO:169).

28-15. The RNAI agent of claim 1427, wherein all or substantially all of the nucleotides

are modified nucleotides.
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29:16. The RNAI agent of any one of claims 1-1528, comprising an antisense strand that
comprises, consists of, or consists essentially of a modified nucleotide sequence that

differs by 0 or 1 nucleotides from one of the following nucleotide sequences (5’ = 3'):

usAfsGfsAfauuucacGfgAfaGfaacasg (SEQ ID NO:82);
cPrpusAfsGfsAfauuucacGfgAfaGfaacasg (SEQ ID NO:84);
cPrpusAfsgsAfauuucacGfgAfaGfaacasg (SEQ ID NO:100);
cPrpusAfsGfsaauuucacGfgAfaGfaacasg (SEQ ID NO:101);
cPrpusGfsasaaccagauCfuGfaAfuccusg (SEQ ID NO:97);
cPrpusGfsasAfaccagauCfuGfaAfuccusg (SEQ ID NO:99);
cPrpusGfsasAfaCfcAfgAfuCtfuGfaAfuCfcUfsg (SEQ ID NO:75);
usGfsasaaccagauCfuGfaAfuccusg (SEQ ID NO:96);
cPrpusUfsgsAfaAfcCfaGfaUfcUfgAfaUfcCfsu (SEQ ID NO:76);
cPrpusUfsgsaaaccagaUfcUfgAfauccse (SEQ ID NO:89); and
cPrpusUfsgsAfaAfcCtfaGfaUfcUfgAfaUfcCtsc (SEQ ID NO:87);

wherein a, ¢, g, and u represent 2'-O-methyl adenosine, 2'-O-methyl cytidine, 2'-O-methyl
guanosine, and 2'-O-methyl uridine, respectively; Af, Cf, Gf, and Uf represent 2'-fluoro
adenosine, 2'-fluoro cytidine, 2'-fluoro guanosine, and 2'-fluoro uridine, respectively; cPrpu
represents a 5’-cyclopropyl phosphonate-2’-O-methyl uridine; s represents a phosphorothioate
linkage; and wherein all or substantially all of the nucleotides on the sense strand are modified

nucleotides.

30:-17.  The RNAI agent of claim 1629, wherein the sense strand comprises, consists of,
or consists essentially of a modified nucleotide sequence that differs by 0 or 1 nucleotides
from one of the following nucleotide sequences (5’ =2 3'):

caggauucAfGfAfucugguuuca (SEQ ID NO:147);
aggauucaGfAfUfcugguuucaa (SEQ ID NO:148)
cuguucuuCfCtGfugaaauucua (SEQ ID NO:149);
gggauucaGfAfUfcugguuucaa (SEQ ID NO:156); and
gggauucaGfaUfCfugguuucaa (SEQ ID NO:159);
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wherein a, ¢, g, and u represent 2'-O-methyl adenosine, 2'-O-methyl cytidine, 2'-O-methyl

guanosine, and 2'-O-methyl uridine, respectively; Af, Cf, Gf, and Uf represent 2'-fluoro

adenosine, 2'-fluoro cytidine, 2'-fluoro guanosine, and 2'-fluoro uridine, respectively; and

wherein all or substantially all of the nucleotides on the antisense strand are modified

nucleotides.

31-18.

(1)

(i)

(iif)

(iv)

(v)

An RNAI agent of any one of claims 1-1728, comprising:

an antisense strand that consists of, consists essentially of, or comprises the
modified nucleotide sequence (5" = 3') usAfsGfsAfauuucacGfgAfaGfaacasg
(SEQ ID NO:82), and a sense strand that consists of, consists essentially of, or
comprises the modified  nucleotide sequence (5 > 3"
cuguucuuCfCtGfugaaauucua (SEQ ID NO:149);

an antisense strand that consists of, consists essentially of, or comprises the
modified nucleotide sequence (5 > 3"
cPrpusAfsGfsAfauuucacGfgAfaGfaacasg (SEQ ID NO:84), and a sense strand
that consists of, consists essentially of, or comprises the modified nucleotide
sequence (5’ =2 3) cuguucuuCfC{fGfugaaauucua (SEQ ID NO:149);

an antisense strand that consists of, consists essentially of, or comprises the
modified nucleotide sequence (5’ = 3') cPrpusAfsgsAfauuucacGfgAfaGfaacasg
(SEQ ID NO:100), and a sense strand that consists of, consists essentially of, or
comprises  the  modified  nucleotide sequence (5 > 3"
cuguucuuCfCtfGfugaaauucua (SEQ ID NO:149);

an antisense strand that consists of, consists essentially of, or comprises the
modified nucleotide sequence (5’ =2 3’) cPrpusAfsGfsaauuucacGfgAfaGfaacasg
(SEQ ID NO:101), and a sense strand that consists of, consists essentially of, or
comprises the modified  nucleotide sequence (5 2> 3"
cuguucuuCfCfGfugaaauucua (SEQ ID NO:149);

an antisense strand that consists of, consists essentially of, or comprises the
modified nucleotide sequence (5’ = 3’) cPrpusGfsasaaccagauCfuGfaAfuccusg
(SEQ ID NO:97), and a sense strand that consists of, consists essentially of, or
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(vi)

(vii)

(viii)

(ix)

(x)

(xi)

comprises the modified  nucleotide sequence (5 2> 3"
caggauucAfGfAfucugguuuca (SEQ ID NO:147);

an antisense strand that consists of, consists essentially of, or comprises the
modified nucleotide sequence (5’ = 3') cPrpusGfsasAfaccagauCfuGfaAfuccusg
(SEQ ID NO:99), and a sense strand that consists of, consists essentially of, or
comprises  the  modified  nucleotide sequence (5 > 3"
caggauucAfGfAfucugguuuca (SEQ ID NO:147);

an antisense strand that consists of, consists essentially of, or comprises the
modified nucleotide sequence (5 2> 3"
cPrpusGfsasAfaCfcAfgAfuCtfuGfaAfuCfcUfsg (SEQ ID NO:75), and a sense
strand that consists of, consists essentially of, or comprises the modified
nucleotide sequence (5’ = 3') caggauucAfGfAfucugguuuca (SEQ ID NO:147);
an antisense strand that consists of, consists essentially of, or comprises the
modified nucleotide sequence (5’ =2 3') usGfsasaaccagauCfuGfaAfuccusg (SEQ
ID NO:96), and a sense strand that consists of, consists essentially of, or
comprises  the  modified  nucleotide sequence (5 > 3"
caggauucAfGfAfucugguuuca (SEQ ID NO:147);

an antisense strand that consists of, consists essentially of, or comprises the
modified nucleotide sequence (5 > 3"
cPrpusUfsgsAfaAfcCtaGtfaUfcUfgAfaUfcCfsu (SEQ ID NO:76), and a sense
strand that consists of, consists essentially of, or comprises the modified
nucleotide sequence (5’ = 3') aggauucaGfAfUfcugguuucaa (SEQ ID NO:148);
an antisense strand that consists of, consists essentially of, or comprises the
modified nucleotide sequence (5’ = 3’) cPrpusUfsgsaaaccagaUfcUfgAfauccsc
(SEQ ID NO:89), and a sense strand that consists of, consists essentially of, or
comprises the modified  nucleotide sequence (5 2> 3"
gggauucaGfAfUfcugguuucaa (SEQ ID NO:156); or

an antisense strand that consists of, consists essentially of, or comprises the
modified nucleotide sequence (5 > 3"

cPrpusUfsgsAfaAfcCfaGfaUfcUfgAfaUfcCfsc (SEQ ID NO:87), and a sense

257



strand that consists of, consists essentially of, or comprises the modified

nucleotide sequence (5’ = 3') gggauucaGfaUfCfugguuucaa (SEQ ID NO:159);
wherein a, ¢, g, and u represent 2’-O-methyl adenosine, 2'-O-methyl cytidine, 2'-O-methyl
guanosine, and 2'-O-methyl uridine, respectively; Af, Cf, Gf, and Uf represent 2'-fluoro
adenosine, 2'-fluoro cytidine, 2'-fluoro guanosine, and 2'-fluoro uridine, respectively; cPrpu
represents a 5’-cyclopropyl phosphonate-2’-O-methyl uridine; s represents a phosphorothioate
linkage; and wherein the respective sense strand further optionally includes an inverted abasic
residue at the 3’ terminal end of the nucleotide sequence and at the 5’ terminal end of the
nucleotide sequence; and the sense strand also optionally includes a targeting ligand that is
covalently linked to the inverted abasic residue at the 5’ terminal end of the sense strand,
wherein the targeting ligand has affinity for skeletal muscle cells and/or a receptor present on
skeletal muscle cells, and wherein the sense strand further optionally includes a PK/PD
modulator that is covalently linked to the inverted abasic residue at the 3’ terminal end of the

sense strand.

32:19. The RNAI agent of claim 1, wherein the RNAi agent is comprised of a sense

strand and an antisense strand that form a duplex having the structure of any one of the

duplexes in Table 5.1, Table 5.2, Table 5.3, or Table 5.4.

35.20. The RNAI agent of any-ene-ofclaims 1932-34, wherein the sense strand of the
RNAI1 agent is linked to a targeting ligand.
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3721, The RNAI agent of any-ene-efclaims 2035-36, wherein the targeting ligand

comprises a compound having the structure set forth in Table 6.2 or Table 6.3.

38:22. The RNA1 agent of any one of claims 1-2137, wherein the RNA1 agent is a

pharmaceutically acceptable salt.

39:23. The RNA1 agent of claim 2238, wherein the RNA1 agent is in the sodium salt

form.

40:24. A pharmaceutical composition comprising the RN A1 agent of any one of claims
1-2339, wherein the composition further comprises a pharmaceutically acceptable

excipient.

41:25. A method for inhibiting expression of a DUX4 gene in a cell in vitro, the method

comprising introducing into a cell an effective amount of an RNAi agent of any one of

claims 1-2339 or the composition of claim 2440,

) T hod-of claim 41 wherein the-cellis-withi biect
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46:26. A-method-of A composition comprising the RNA1 agent of any one of claims 1-

23, for use in treating one or more symptoms or diseases that can be ameliorated at least

in part by a reduction in DUX4 protein levels; or a reduction in DUX4 mRNA levels;-the

47.27. The methedpharmaceutical composition of claim 2646, wherein the disease is
FSHD.

48-28. The methedpharmaceutical composition of any one of claims 25-2741-47,

wherein the DUX4 gene expression is reduced in one or more of paraspinal, facial, torso,

abdominal, and limb muscle tissues of athe subject.

49:29. The methodpharmaceutical composition of any one of claims 25-2841-48,

wherein the DUX4 gene expression is reduced in one or more of the triceps, biceps,
quadriceps, gastrocnemius, soleus, EDL (extensor digitorum longus), TA (Tibialis

anterior), or diaphragm of athe subject.

36:30. The methodpharmaceutical composition of any one of claims 25-2941-49,

wherein the RNAIi agent is administered at a dose of about 0.5 mg/kg to about 10.0 mg/kg
of body weight.

5431, The methodpharmaceutical composition of claim 3056, wherein the RNAi agent

is administered by subcutaneous (SQ) injection.
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353-32. Use of the pharmaceutical composition according to claim 2446, for the

manufacture of a medicament for treatment of a disease, disorder, or symptom that is
mediated at least in part by a reduction in DUX4 protein levels or a reduction in DUX4

mRNA levels, or both.

54-33. A composition for inhibiting expression of a double homeobox 4 (DUX4) gene,

the composition comprising:

1. an RNA1 agent comprising an antisense strand 18 to 49 nucleotides in
length that is at least partially complementary to a portion of SEQ ID
NO:1 or SEQ ID NO:2;

il. a targeting ligand linked to the RNAi agent, wherein the targeting ligand
has affinity for skeletal muscle cells; and

iil. a PK/PD modulator linked to the RNA1 agent.

55.34.  An RNAI agent for inhibiting expression of a double homeobox 4 (DUX4) gene,
comprising:

i. asense strand comprising a nucleotide sequence that comprises at least 15
contiguous nucleotides differing by 0, 1, 2, or 3 nucleotides from a stretch of 15
contiguous nucleotides of SEQ ID NO:1; and

ii. an antisense strand comprising a nucleotide sequence that is at least partially

complementary to the sense strand.

56:35.  An RNAI agent for inhibiting expression of a double homeobox 4 (DUX4) gene,
comprising:

1. an antisense strand comprising a nucleotide sequence that comprises at least 15
contiguous nucleotides that are at least partially complementary to a stretch of 15
contiguous nucleotides of SEQ ID NO:1; and

ii. a sense strand comprising a nucleotide sequence that is at least partially

complementary to the antisense strand.
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