CLAIMS:
1. A delivery vehicle for inhibiting expression of a gene expressed in skeletal muscle cells
comprising:

(a) an RNAi agent comprising:

(1) an antisense strand comprising 17-49 nucleotides wherein at least 15
nucleotides are complementary to the mRNA sequence of a gene that is expressed in
skeletal muscle cells

(i1) a sense strand that is 16-49 nucleotides in length that is at least partially
complementary to the antisense strand;
(b) a targeting ligand with affinity for a receptor present on the surface of a skeletal
muscle cell, wherein the targeting ligand is a polypeptide; and
(©) a PK/PD modulator;
wherein the RNA1 agent is covalently linked to the targeting ligand and to the PK/PD modulator.

2. The delivery vehicle of claim 1, wherein the polypeptide of the targeting ligand is a
polypeptide of Formula (P):

Xaa'G'DLXaa’Xaa’L-Xaa*Xaa® L—§
(P)

or a pharmaceutically acceptable salt thereof, wherein

H H
N N N
| N M(
((T ]
Xaa' is L-arginine optionally having an N-terminal cap,

NH H O
R 3

or o , wherein each

0]

A

indicates a point of connection to G’;
G’ is L-glycine or N-methyl-L-glycine;

D is L-aspartic acid (L-aspartate);

L is L-leucine;

Xaa? is an L-o amino acid, an L-B amino acid, or an o,a-disubstituted amino acid;

Xaa® is an L-o amino acid, an L-B amino acid, or an a,a-disubstituted amino acid;
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Xaa* is an L-o amino acid, an L-B amino acid, or an a,a-disubstituted amino acid;

Xaa® is an L-o amino acid, an L-B amino acid, or an a,a-disubstituted amino acid; and

§ indicates a point of connection to the RNAi agent.

3. The delivery vehicle of claim 1, wherein the targeting ligand has the formula:
H2N NH
leﬁ K\(Nﬁ mek J\i L meﬁ 2
HN
H,NT S0

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

remainder of the delivery vehicle.

4. The delivery vehicle of claim 1, wherein the targeting ligand has the formula:
HoN NH
)Jjj\’(N\)L /¢N\)L /'\”/N\)J\ /¢ \)J\ ><WN\)J\N{\/0;\/\”}¢L
HN/r
H,N" Y0

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

remainder of the delivery vehicle.
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5. The delivery vehicle of claim 1, wherein the targeting ligand has the formula:

0
OH
H oS /Q\;H o oS /('\;H 0 oS
EN;/NM\/\(TNJJ\H ON%”J\[JN%” ON%H%N%HA
Y AN ? }

NH
0=
NH,
or a pharmaceutically acceptable salt thereof, wherein : indicates a point of connection to the

remainder of the delivery vehicle.

6. The delivery vehicle of claim 1, wherein the targeting ligand has the formula:
o
OH

NN RCSREEREE TS N
= (0] (6] Y (0] N O 2 O \7_ O

NH

o~
NH,

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

remainder of the delivery vehicle.

7. The delivery vehicle of claim 1, wherein the targeting ligand has the formula:
o
OH
)N]\H H O H O H 0] H O H O
.. P NJNLWNJN NF)J\N><WN\:)J\N/E
H o H o YH o :\ H o } H o z H
NH
o~
NH,

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

remainder of the delivery vehicle.
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8. The delivery vehicle of claim 1, wherein the targeting ligand has the formula:

9 on
HZNJTNQW(“JOLN/Q(L“&NJ\WH;JOLNJ;\;HQOLN&H;JOLM\/OW%
HOHOH/HO:\HO}HO# 5 4

NH
0=
NH,

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

remainder of the delivery vehicle.

9. The delivery vehicle of any one of claims 1-8, wherein the PK/PD modulator is:

PEG40K (2x2-arm),

wherein n and m are each independently integers, and the molecular weight of the sum of all
PEG units is about 40 kilodaltons
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CH30—(CH,CH;0),—CH,
CH30—(CH,CH,0),~CH
CH30—(CH,CH,0),—CH o
CH30—(CH,CH,0),~CH e ij\
HC—0-(CH,);—N—C—CH,CH,—N
3

o)

PEG40K (4-arm),

wherein n is an integer, and the molecular weight of the sum of all PEG units is about 40

kilodaltons
CH30—(CH,CH,0),—CH, o
CH30—(CH,CHZ0),—CH e
HC—0-(CH,);—N—C—CH,CH,—N

6]

PEG40K (2-arm),

wherein n is an integer, and the molecular weight of the sum of all PEG units is about 40
kilodaltons

(0]
H 1
CH3;0—(CH,CH,0),-(CH5)3—N—C—-CH,CH>—N

o)

PEG40K,

wherein n is an integer, and the molecular weight of the sum of all PEG units is about 40
kilodaltons
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0
9
CH30—(CH,CH,0),~(CH,)s—N—C—CH,CH,—N
¥
o

PEGI0K,

wherein n is an integer, and the molecular weight of the sum of all PEG units is about 10
kilodaltons

@)
@)

H n
CH3;0—(CH,CH50),,-(CH3)3—N—C-CH,CH,—N
r‘f
(0]

PEGSK,

wherein n is an integer, and the molecular weight of the sum of all PEG units is about 5
kilodaltons

0 Q o) o}
/\/\/\/\/\/\/\/\)J\ ’II:I‘ JJ\ ‘2’7_
\/\/\/\/\/\/\/\/\OH:(?(H\O o o\/\” (OCH2CH2)nNHJ\/\ﬂ/
(0]

o
DSPE-PEGS5K-NHS

wherein n is an integer, and the molecular weight of the sum of all PEG units is about 5
kilodaltons

/\/\/\/\/\/\/\/\)CL 9 i )
_P- 0]
O > (0} (e} H 1
\/\/\/\/\/\/\WO\\ ’ (\) \/\HJK(OCHZCHZ)nNCCHZCHQCHQNﬁ\
(e} (e} ;

DSPE-PEG5K-MAL

Wherein n is an integer, and the molecular weight of the sum of all PEG units is about 5
kilodaltons
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/\/\/\/\/\/\/\/\)?\ ICI) i 2
P~ I
O/C}(H\O o o\/\HJ\(OCHZCHZ)n—H—C—CHchz
\/\/\/\/\/\/\/\/\n/ N
o [N
A
DSPE-PEG5K-N3

wherein n is an integer, and the molecular weight of the sum of all PEG units is about 5
kilodaltons

O

ERN
© \H(H\/\( N)k /\»éov)\NJJ\/\/\/\/\/\/\/\/\/\/

o 23H

PEG47+C22

PEG47+CLS (cholesterol)

0] (0] 0] 0]
/M%N(\/Oéf”)vo/\/o\/\o/\/o\/\”)vﬁ

PEG23+C22

O O
MJ\N/\QO\/}\N O/\/O\/\O/\/O\/\NJ\AQ
/NJ\N/\(/O\A\N O/\/Ov\o/\/o

Bis(PEG23+C14)
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%H%Voh? Woh O
Har o «MV i};

Bis(PEG23+C22)

%H%ONHN{/\/OVNJ(Z(\A h 5 0
° 24 H of, N‘MN

3

Bis(PEG47+C22)
1~ : P
iiz NWOWNV\ONH/\/NWOM
o

PEG48+C22

0] O H O 0]
/\)J\ 0] N j/\)J\ 0] M
iil N 7;4/\[0( o N 10
0]
i,

PEG71+C22

0 9 H 9 H H
0 N o) N N
SRR RSP LN s s
o)

PEG95+C22
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PEG71+CLS
o T
N
© ° O H o} j.l\
HN o N (0]
MRS NS
PEG95+CLS

M ALO\/%NMO/\/O\/\O/\/O\/\NJ\A ﬁ
Ns)k Mov% J\/\O/\/OM\O/\/O

Bis(PEG23+C18)

J)k WOMNM
¢W““@NO“ON°W jé W”Mo@} W

Iy

Tris(PEG23+C22)
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’
J)LN%\/OE/\NJKO

et g,

4

0 NH G. 7 H
O\/>\N)ko

23H

Tris(PEG23+CLS)
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Bis(PEG23+CLS)
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o .
O
H
WL”/\/OV\OET\/N\Q/\/}N?O

PEGSK+C22

wherein n is an integer, and the molecular weight of the sum of all PEG units is about 5
kilodaltons

@)

) N
/\/\/\/\/\/\/\/\)]\N/\e/ \a/\N/ A\
10

H

C18

0

A i
I
N—(C HZCHZO)nCHz—C\f

(NHS)-PEG1K+C18

wherein n is an integer, and the molecular weight of the sum of all PEG units is about 1
kilodalton

0
PGPS | g
H—(CHZCHZO)nCHZ—C—§
(NHS)-PEG2K+C18

wherein n is an integer, and the molecular weight of the sum of all PEG units is about 2
kilodaltons

0 0
/\/\/\/\/\/\/\/\)J\H_(CH2CH20)nCH2_&_§
(NHS)-PEG5K+C18

wherein n is an integer, and the molecular weight of the sum of all PEG units is about 5
kilodaltons
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(0]
/\/\/\/\/\/\/\/\)J\ - _ N
H (CH,CHZ0), ”

(0]
(MAL)-PEG5K+C18

wherein n is an integer, and the molecular weight of the sum of all PEG units is about 5
kilodaltons

M
0]
(0] O
PN NN NN N o N ?“?
N \H/%\/ 9\/\”)%/\024\/ \([)]/\/ s

N
24
H o]

PEG48+C18

or a pharmaceutically acceptable salt of any of these PK/PD modulators, wherein : indicates a

point of connection to the RNA1 agent.

10. The delivery vehicle of any one of claims 1-9, wherein the PK/PD modulator is a PK/PD

modulator of Formula (I):

L, La
X/ \Z/ \y;u

)
v

M
or a pharmaceutically acceptable salt thereof, wherein
La is a bond or a bivalent moiety connecting Z to the RNAi agent;
Z is CH, phenyl, or N;
L: and L are each independently linkers comprising at least about 5 PEG units;
X and Y are each independently lipids comprising from about 10 to about 50 carbon

atoms; and

§ indicates a point of connection to the RNAI1 agent.
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1. The delivery vehicle of claim 10, wherein the PK/PD modulator of Formula (I) is a
PK/PD modulator of Formula (Ia):

L La
H
x’/// \\‘c:/// \i}fy

Lo
v

(Ia)

or a pharmaceutically acceptable salt thereof.

12. The delivery vehicle of claim 10, wherein the PK/PD modulator of Formula (I) is a
PK/PD modulator of Formula (Ib):

x/“[\x a

(Ib)

or a pharmaceutically acceptable salt thereof.

13. The delivery vehicle of claim 10, wherein the PK/PD modulator of Formula (I) is a
PK/PD modulator of Formula (I¢):

L La
x’// \\\N,// \f}ﬁ

)
v

(Ic)

or a pharmaceutically acceptable salt thereof.

14. The delivery vehicle of any one of claims 10-13, wherein at least one of X and Y is

selected from the group consisting of:
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Name Structure
Lipid 1
Lipid 2
Lipid 3
Lipid 4
Lipid 5
Lipid 6 /\/\/\/E/\/\/\/\/\/\(E
O
Lipid 7 — — — — —
(@]
Lipid 8
b W
Lipid 9 HO/\/\/\/\/W\/\/\[%
(@]
(0]
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Name Structure
0]
Lipid 11 HO)K/\/\/\/\/\/\/\/\/\/\[(’H
(@]
Lipid 14 /V\/\:W%
(@]
Lipid 15 — — —
(0]
OH O
Lipid 16 NN
H
(@]
Lipid 17 e
(@]
OH
Lipid 18 Wﬁi
(0]
(@]
H
Lipid 20 N\n/ii
(0]
N=N
Lipid 21
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Name Structure

Lipid22 | ~_~_~ g OO J\
o) o) N S

Lipid 23 \/\/\/\/\/\/\/\/N\H/

Lipid 24 B LN

wherein g indicates a point of connection to L1 or L.

15. The delivery vehicle of claims 1-8, wherein the PK/PD modulator is selected from the

group consisting of:

LP 1b

M\WN{\/\O&\/NYNO NKG/\OTVO\/\NJ\”Q
WNMOWNWOKNWOWO

LP 28b

o)

WNMOW NWO\ANJK/\ NO\/\ONO\/\NJ\/\ )i%
WN(\/\O%—?’\/NWO\/}\ )J\/\O/\/O\/\O/\/O

LP 29b
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W N oy~ N WO\A\N JJ\/\O/\/O\/\o/\/o\/\NJ\/\ )i%
\M\ﬂ/ N {\/\03/23\/ N \”/\/QO\/% )J\/\O/\/O\/\O/\/O

LP 38b

H H
W“ﬁo”ww%m W‘WNMZ%
0
H H
WN%*\OWNWOV)AN 0

0

LP 39b

"’o)LNAP %N?’NWOWN 25)
o ¥

OH23
S N N N O
”;P ﬁ“u o
LP 41b
H H Q H Q O
N g N o N O~
RS R (I o Ciaa i T
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7O 23 O24 H
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o s
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H H
N N (@)
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LP 44b
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N N o
grorreryho

362




@)

g 2o R
N e e N o)
5NN gﬁfvg” Jﬁ
@)

o) HN"~0
/\/\/\/\/\/\/\)J\N/\(VO\/))

H 23

LP 48b

H
MN(\/\O NWO\/‘}NJJ\/\O/\/O\/\O/\/O\/\NJI\/\ Q
WWNMOY\/NWOWN o/\/o\/\o/\/O
0

LP 49b

HOWNM&%\/ NWOV\)NJ\AO/\/O\/\O/\/O\/\NJ\” Ai%
0

HOWN(\/\O@/NWO\ANJ\/\O/\/O\/\O/\/O

LP 53b

)
B - A e I S G e
@) 0] @) 0] O
H H
— N N 0]
MKOWWWHO

LP 54b

O

0 H
vhkakw%gﬂWW*w«wNo

3

0
WA/N)LH 23 O\JANJ\/(\O/\)VN s JJ\AO/\/O\/\NJ\Aii

w

3 3

363




LP 55b

M O”NWO@ANE» WOV\ONNW:};
kaj*ﬁg ARt R

LP 56b

/#%jﬂdevawvam wvﬁﬂavﬁﬂﬂv>§4
%/WNMOT\/NWOW )KA /\/0\/\0/\/0H
3 23

LP 57b

o) 0O o) O
WNNOMN D HWOVEHM%
ol
c
\Mﬂ\Hf\/OVN o) "

364




LP 60b

LP 61b
0]
V\:;\Oﬁ(HV\OWNWO\/\)NWOWO\/;\I )i%
0]
0]
W\%\j V\OWNWO\/%NN\/\O -
LP 62b

MM“?&O”HWOWN > WQWNJ\”ﬁz
(@]
H
WN\g\O/\)\/NWO\{\N 0

LP 87b

WWNMOBQNWOV*NJ\AoNOwoNOw;Mﬁ
%MNV\O’E}/NWO\/% o~ o0 o

LP 89b

365




g g ronnry g
WNﬁO/\ﬁKNENOWN\/ﬁO/\ﬁo

LP 90b

0]

HOM\WNV\OE}/NWOwNMO/\/O\/\O/\/O\/\NMQ
0]
HOJ\Q/)\”/NV\OES\/N\H/\LO\/)\ J\/\ /\/O\/\O/\/O

LP 92b

MNMOQ\/NWO\/\}NK/\O/\/O\/\O/\/O\/\NK/\ Q
MN(\/\OWNWOV} )k/\o/\/o\/\o/\/o

LP 93b

M NV\O@/NWO\/\}NMO/\/O\/\O/\/O\/\NM Q
MNV\OWNWO% )K/\ /\/O\/\O/\/O

LP 94b

/\MMNMOE}/NWO\ANMONO\/\ONO\/\NMQ
/\WN(\/\O@/NWO% )K/\O/\/O\/\O/\/O

LP 95b

366




Admwowwomﬂwwwwoﬂﬂw ;%
/\MWNV\OZS\/NWO\/% J\/\ /\/0\/\0/\/0

LP 101b

7
O

AHy OV)A” 0

7 H23

@)
Q QO H H §Z\>\ 4
N N N
H H O O @)

LP 102b

y WN(\/\O@/NWOWN O/\/O\/\O/VO\/\N)K/\Q
y WN(\AOTN\/NWO\/% )KAO/\/O\/\O/\/O

LP 103b

OH H
MN(\/\OWNWO”NMONO\/\ONO\/\NM )i%

OH

MNV\OZ?)\/NWO\/% JJ\/\O/\/O\/\O/\/O

LP 104b

O
SOOI NS o N e O My O o Ny
H
OH HO (0] (0] o)
_ N N 0]

LP 106b

367




NN o

'O>—s
H H Q H N-N 0}~ @
N N ¢! N ¢! N ©
Moy Oyt oS

H H
W%r“yﬁo/\)vh‘wo%” 0

LP 107b

H H O H
M@Nxmwmowmfﬂw%ﬂﬁya
N
H H
WN%V\O/NNWO%N o)

LP 108b

H H O H
\ﬁ/thyﬁoﬁvNE@POﬁAm 3 NWO\/)/\E/\»%
N
H H
N N 0
\4/7;0( o g@jv ﬁ“m 0

LP 109b

H H
N N O N O

\é/i\g E:/f\o/\}/ 701/2:6/ \ﬁ/\” S \[(1;(\/ \/)/\NN/\>»2
H H

%/7%("‘%0%“70@&0%” 0

LP 110b

368




0]

H H 0 0 ©
H H )
Ny
WNV@OﬁVNWOﬁ”N 0
o) 23 e} H

LP 111b

@) O N O @)
/\//\\/\/ij)l\”/zge/o\a/\” 3 NWO\%NJ\/\')\IQ
O o
-~

LP 124b

0 "

/N)Ok O i O j\%\ H Eé
\/\

LP 130b

) o)

Wﬂﬁowﬂ?owﬂwoﬁvnphl {
o)

LP 143b

369




0 , o
gl T
0O
LP 210b

H Q H N-N
WNVQ\O%NAVO\/EDO(N y O/AO* S
HN TN N ~"0
M A@OWNWOMO

LP 217b

H NN

§ i [ >—S
WNVKOAQ)LH/\VOWN | /@/ko
\/\O

O 0 O N

N 0 NH O
\é/jgof WOMHW %ho(

LP 220b

0]

MNWOWN\X\OMN/\/O\Q)L \©\(
)
| /\;——S

A wOWN%AoMNwO N-N

LP 221b

370




7 1y S ¥
MNWOWN\/Q\O/\@)KN/\/O o

7 H 24 G
@) H @)
@) N ~_0
AN o
LP 223b
8 o )
N~ N0 N~y O)\
W y 24 "y el H H\/\)LN CN
N 0 NH o H
%\/j;g %\0454)\”/\@/ S
LP 224b
\/\O
WN%\OMN/\VOWNH
LP 225b
@) 0
WN\X\O/*/NWO%:NJ\/\O/\/O\/\O/\/O\/\N
0 H | Sy
WNve\o/ﬁ\/NWO\ENJ\/\O/\/O\/\O/\/O NC
LP 226b
H ] 0O
\M%]/ \/(/\O/ﬁ\/N\n/\Q/O\a;:NJ\/\O/\/O\/\O/\/O\/\NJ\/\E::?‘E'

WN\/%\O/*/NWO\%;NJ\/\O/\/O\/\O/\/O

371




LP 238b

0] o)

H
\é/\)\"/ N \X\O/ﬁ\/ N \n/\<\/o J\/\O/\/O\/\O/\/O\/\ N

7O 23 24 H H o

' s
WNVho/ﬁvNWOWNJ\AO/\/O\/\O/\/O N-N &

@]
LP 240b
@)

R R
N=N
WN%O/Z\;NWO 9 H

LP 246b

o)

0]
WNJ\é/\O N\ﬂ/e\/og\/\N O/\/O\/\O/\/o\/\NJ\/\NXJ{
N=N
NNMO N\”,Q\/OL/\N O/\/O\/\O/\/O

LP 247b
O H (0] O
/6\9/\NJ\<\/\O>/\/N\H/%\/O;\/\NJJ\AO/\/O\/\O/\/O\/\N)‘\©\r
7 H 24 24 H X o
H 0 | )—S,
/N/\NJ\V\ONN\”/Q\/O;\/\NJ\/\O/\/O\/\O/\/O N—[\i il
7 N 2" I 2% N
LP 339b
N=N, (0] (0] @)
MNve\O/ﬁEfJ\N/wO\%;;NJ\/\O/\/O\/\O/\/O\/\N
7
NN 0 0 - O,>~s

Z

M\N ve\o/jz\‘t)J\ H /\6/0\%;3\ N J\/\O/\/O\/\O/\/O

7

372




LP 340b

0]

R P P e oY
O
MO’{VO)\/\NWO)/\/NWO )K/\O/\/o\/\o/\/oH l\\l\[\?—_s}f

LP 357b
(0]
WN\“/NV\O')/\/N\HX\/O)\/\ )J\/\O/\/O\/\O/\/O\/\N
O o \O>——S
/

N N N Ol 0] 0] N- N

\M;/ \([)]/ \(\/\023\/ \([)]/<\/ ” mJ\/\O/\/ ~ o0 N -
LP 358b

hd H Q Q
D T e |
o) Y 23 o) 24 H o :

H =S,
WNV\OZ?/NTO‘/{\/O%M/\HJ\/\O/\/O\/\O/\/O NN

or a pharmaceutically acceptable salt of any of these PK/PD modulators, wherein each %

indicates a point of connection to the RN A1 agent.

16. The delivery vehicle of any one of claims 1-15, wherein the RNAi agent inhibits

expression of the mRNA of a human gene in a skeletal muscle cell.

17. The delivery vehicle of any one of claims 2-16, wherein the pharmaceutically acceptable

salt is a sodium salt.

18. A composition comprising the delivery vehicle of any one of claims 1-17.
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19. A pharmaceutical composition comprising the composition of claim 18 and a

pharmaceutical excipient.

20. The pharmaceutical composition of claim 19, wherein the pharmaceutical excipient is

selected form water for injection and saline solution.

21. The pharmaceutical composition of claim 20, wherein the pharmaceutical excipient is

saline solution.

22. A composition comprising the delivery vehicle of any one of claims 1-17 for use in

treating a disease or disorder of a skeletal muscle cell.

23.  The composition of claim 22, wherein the disease or disorder is muscular dystrophy.

24. The composition of claim 23, wherein the muscular dystrophy is selected from the group
consisting of: Duchenne muscular dystrophy, myotonic muscular dystrophy, Becker muscular
dystrophy, limb-girdle muscular dystrophy, facioscapulohumeral muscular dystrophy, congenital
muscular dystrophy, oculopharyngeal muscular dystrophy, distal muscular dystrophy, and
Emery-Dreifuss muscular dystrophy.

25.  Use of the delivery vehicle of any one of claims 1-17, the composition of claim 51, or the
pharmaceutical composition of any one of claims 52-54, for the preparation of a medicament for

the treatment of a disease or disorder.

26. The use of claim 25, wherein the disease or disorder is a muscular dystrophy.

217. The use of claim 26, wherein the muscular dystrophy is selected from the group
consisting of: Duchenne muscular dystrophy, myotonic muscular dystrophy, Becker muscular
dystrophy, limb-girdle muscular dystrophy, facioscapulohumeral muscular dystrophy, congenital
muscular dystrophy, oculopharyngeal muscular dystrophy, distal muscular dystrophy, and
Emery-Dreifuss muscular dystrophy.
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28. A method of making the delivery vehicle of any one of claims 1-17, the method
comprising:

(1) synthesizing the sense strand;

(1) synthesizing the antisense strand;

(ii1) annealing the sense strand and the antisense strand;

(iv) before or after annealing the sense strand and the antisense strand, conjugating the
targeting ligand to the sense strand or the antisense strand; and

(v) before or after annealing the sense strand and the antisense strand, and before or after
conjugating the targeting ligand to the sense strand or the antisense strand, conjugating the

PK/PD modulator to the sense strand or the antisense strand.
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