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Alpha-1 AntiTrypsin (AAT) RNAi Agents, Compositions Including AAT
RNAIi Agents, And Methods Of Use

CROSS REFERENCE TO RELATED APPLICATIONS
This application claims priority from United States Provisional Patent Application Serial No.
62/444.452, filed on January 10, 2017, United States Provisional Patent Application Serial No.
62/486,720, filed on April 18, 2017, and United States Provisional Patent Application Serial
No. 62/596,232, filed on December 8, 2017, the contents of each of which are incorporated

herein by reference in their entirety.

FIELD OF THE INVENTION
Disclosed herein are RN A mterference (RNA1) agents for inhibition of alpha-1 antitrypsin
gene expression, compositions that include alpha-1 antitrypsin RNAi agents, and methods of

uge thereof,

BACKGROUND
Alpha-1 antitrypsin (AAT, al-antitrypsin, or A1AT) deficiency is an inherited, autosomal
codominant genetic disorder that causes misfolding of the AAT protein and poor secretion of
the misfolded protein leading to lung and liver diseases. AAT deficiency (AATD) occurs with
a frequency of about 1 in every 1,500 to 3,500 individuals and most often affects persons with

European ancestry.

Alpha-1 Antitrypsin is a protease inhibitor belonging to the serpin superfamily. Normal AAT
protein is a circulating glycoprotein protease inhibitor primarily synthesized in the liver by
hepatocytes and secreted into the blood. The known physiologic function of AAT is to inhibit
neutrophil proteases, which serves to protect host tissues from non-specific injury during

periods of inflammation.

The most clinically significant form of AATD, a genetic disorder associated with liver disease
in children and adults, and pulmonary disease in adults, is caused by the Z mutation. The Z
mutant allele (PiZ), through a single point mutation, renders the mutant Z form AAT protein
(the “Z-AAT protein”) prone to abnormal folding causing intracellular retention. The mutant

Z-AAT protein monomers are able to form chains of polymers that amass into aggregates,



10

15

20

25

30

WO 2018/132432 PCT/US2018/013102

which are sometimes referred to as “globules.” The misfolded Z-AAT protein is ineffective in
traversing the secretory pathway, and instead polymerizes and accumulates in the endoplasmic
reticulum (ER) of hepatocytes. The polymeric globule masses stress the ER and trigger
continuous hepatocyte injury, leading to fibrosis, cirrhosis, and increased risk of hepatocellular
carcinoma. Further, the absence of circulating anti-protease activity leaves the lung vulnerable
to injury by neutrophil elastase, resulting in the development of respiratory complications such

as emphysema.

Individuals with the homozygous PiZZ genotype have severe deficiency of functional AAT,
which leads to pulmonary disease. Weekly use of AAT augmentation therapy, using purified
human AAT, results in near normal plasma levels of AAT in subjects with AATD, and helps
prevent lung damage in affected individuals. However, while the administration of purified
AAT can ameliorate or help prevent lung damage caused by the absence of endogenously
secreted AAT, AATD patients remain vulnerable to endoplasmic reticulum liver storage
disease caused by the deposition and accumulation of excessive abnormally folded AAT
protein. Accumulated Z-AAT protein in the globule conformation in hepatocytes is a well-
known characteristic of AATD liver disease and is believed to lead to proteotoxic effects that
are responsible for inducing liver injury, including liver cell damage and death and chronic
liver injury, in individuals with AATD. (see, e.g., D. Lindblad et al., Hepatology 2007, 46:
1228-1235). Patients with AATD often develop liver disease, which can be severe or fatal,
even in infancy. Clinical presentations of injury in the liver include chronic hepatitis, cirrhosis,
hepatocellular carcinoma, transaminitis, cholestasis, fibrosis, and even fulminant hepatic

failure.

There is currently no clinically approved treatment to prevent the onset or slow the progression
of liver disease due to AATD. Further, while U.S. Patent Application Publication No.
2015/0361427 discloses certain RNAi agents capable of inhibiting the expression of an AAT
gene, there remains a need for novel and effective AAT RNAi agents having improved potency
that can selectively, efficiently, and safely inhibit the expression of an AAT gene, thereby
preventing and potentially reversing Z-AAT accumulation-related liver injury and fibrosis.
Similarly, while U.S. Patent Application Publication No. 2015/0011607 to Brown et al.
(“Brown *607”) discloses various sequences for inhibiting expression of an AAT gene, Brown
teaches the use of longer double-stranded constructs (referred to in Brown as DsiRNAs), which

according to Brown have been found to give “unexpected effective results in terms of potency
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and duration of action™ as compared to 19-23mer siRNA agents. (See, e.g., Brown 607 at
paragraph [0376]). Moreover, many of the sequences disclosed in Brown *607 are designed
to be used in DsiRNA constructs that are designed to target different locations of an AAT
mRNA as compared to the sequences disclosed in the present invention. Such differences lead
to different binding affinity to the AAT mRNA and produces a different cleavage site, which
can impact the inhibitory effect of the compound, while also potentially leading to additional
off-target issues (see, e.g., Piotr J. Kamola et al., PLoS Comput Biol, 2015, 11(12):e1004656
at Fig. 1 (illustrating the mechanism of siRNA-Mediated Gene Silencing)). For example,
nothing in Brown 607 teaches or suggests the design of an RN Ai agent (of any length) wherein
the 5' terminal nucleobase or nucleotide of the antisense strand would be aligned with the
position that is 19 nucleotides downstream (towards the 3’ end) from position 1000 on an AAT
gene (SEQ ID NO: 1). Put different, and again solely as an example involving one such
potential AAT RNAIi agent sequence, nothing in Brown 607 teaches or suggests the design of
an RNAI agent wherein the 5' terminal nucleobase of the antisense strand of an RNAi agent
corresponds to position 1018 on an AAT gene (SEQ ID NO: 1). Further, nothing in Brown
’607 teaches or suggests the modified AAT RNAi agent constructs disclosed herein.

SUMMARY
There exists a need for novel AAT-specific RNA interference (RNAi) agents (also herein
termed RN Ai agent, RNAI trigger, or trigger) that are able to selectively and efficiently inhibit
the expression of an AAT gene. Further, there exists a need for compositions of novel AAT-

specific RN A1 agents for the treatment of diseases associated with AAT deficiency.

Because liver damage resulting from AATD occurs through a gain-of-function mechanism,
inhibition of AAT gene expression is useful in preventing accumulation of the Z-AAT protein
in the liver. Further, the reduction or removal of the Z-AAT polymer aggregates reduces the
ER stress in hepatocytes, and offers additional advantages in reducing the likelihood of
occurrence of liver cell damage and assisting in the treatment of liver cell damage and chronic
liver injury such as fibrosis, cirrhosis, hepatocellular carcinoma, and other conditions and
diseases caused by AATD. Reduction of inflammatory Z-AAT protein, which has been clearly
defined as the cause of progressive liver disease in AATD patients, is important as it can slow

or halt the progression of liver disease and allow fibrotic tissue repair.
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In general, the disclosure features novel AAT RNAI agents, compositions comprising the AAT
RNAI1 agents, and methods for inhibiting the expression of an AAT gene in vivo and/or in vitro
using AAT RNAI agents and compositions that include AAT RNAi1 agents. Further described
herein are methods of treatment of AATD-related diseases using the AAT RNAI agents

described herein and compositions that include AAT RNAI agents.

The AAT RNAIi agents and methods disclosed herein can provide for the treatment of AATD,
including the treatment of conditions and diseases caused by AATD, such as chronic hepatitis,
cirrthosis, hepatocellular carcinoma, and fulminant hepatic failure. The AAT RNAi agents
disclosed herein, when administered to a subject, can prevent and/or reverse Z-AAT
accumulation-related liver injury and fibrosis. The AAT RNAIi agents described herein may
be administered to a subject, e.g., a human or animal subject, by any suitable methods known

in the art, such as subcutaneous injection or intravenous administration.

In one aspect, the disclosure features RN Ai agents for inhibiting the expression of an alpha-1
antittypsin {AAT) gene, wherein the RNAI agent comprises a sense strand and an antisense
strand. Also described herein are compositions comprising an RNAi agent capable of
inhibiting the expression of an alpha-1 antitrypsin gene, wherein the RN A1 agent comprises a

sense strand and an antisense strand, and at least one pharmaceutically acceptable excipient.

Each AAT RNAI agent described herein includes a sense strand and an antisense strand. The
sense strand and the antisense strand can be partially, substantially, or fully complementary to
each other. The length of the RNAi agent sense and antisense strands described herein each
can be 16 to 30 nucleotides in length. In some embodiments, the sense and antisense strands
are independently 17 to 26 nucleotides in length. In some embodiments, the sense and
antisense strands are independently 21 to 26 nucleotides in length. In some embodiments, the
sense and antisense strands are independently 21 to 24 nucleotides in length. In some
embodiments, the sense and/or antisense strands are independently 16, 17, 18, 19, 20, 21, 22,
23,24, 25, 26, 27, 28, 29, or 30 nucleotides in length. The sense and antisense strands can be
either the same length or different lengths. The RNAIi agents described herein, upon delivery

to a cell expressing AAT, inhibit the expression of one or more AAT genes in vivo or in vitro.

An AAT RNAI agent includes a sense strand (also referred to as a passenger strand), and an

antisense strand (also referred to as a guide strand). A sense strand of the AAT RNAIi agents
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described herein includes a nucleotide sequence having at least 85% identity to a core stretch
of at least 16 consecutive nucleotides to a sequence in an AAT mRNA. In some embodiments,
the sense strand core stretch having at least 85% identity to a sequence in an AAT mRNA is
16, 17, 18, 19, 20, 21, 22, or 23 nucleotides in length. An antisense strand of an AAT RNAi
agent includes a nucleotide sequence having at least 85% complementarity over a core stretch
of at least 16 consecutive nucleotides to a sequence in an AAT mRNA and the corresponding
sense strand. In some embodiments, the antisense strand core stretch having at least 85%
complementarity to a sequence in an AAT mRNA or the corresponding sense strand is 16, 17,

18,19, 20, 21, 22, or 23 nucleotides in length.

In some embodiments, the AAT RNAI agents disclosed herein target a portion of an AAT gene

having the sequence of any of the sequences disclosed in Table 1.

Examples of AAT RNAIi agent sense strands and antisense strands that can be used in AAT
RNAI agents are provided in Tables 2, 3, 4 and 5. Examples of duplexes that include AAT
RNAI1 agent are provided in Table 6. Examples of 19-nucleotide core stretch sequences that
may consist of or may be included in the sense strands and antisense strands of certain AAT

RNAI1 agents disclosed herein, are provided in Table 2.

In another aspect, the disclosure features methods for delivering AAT RNAI agents to liver
cells in a subject, such as a mammal, in vivo. In some embodiments, one or more AAT RNAIi
agents are delivered to target cells or tissues using any oligonucleotide delivery technology
known in the art. Nucleic acid delivery methods include, but are not limited to, encapsulation
in liposomes, iontophoresis, or incorporation into other vehicles, such as hydrogels,
cyclodextrins, biodegradable nanocapsules, and bioadhesive microspheres, proteinaceous
vectors, or Dynamic Polyconjugates™ (DPCs) (see, for example WO 2000/053722, WO
2008/0022309, WO 2011/104169, and WO 2012/083185, each of which is incorporated herein
by reference). In some embodiments, a delivery vehicle, such as a polymer, an amphipathic
polymer, a membrane active polymer, a peptide, such as a melittin or melittin-like peptide, a
reversibly modified polymer or peptide, or a lipid, can be used with the AAT RNAIi agents

disclosed herein.

In some embodiments, an AAT RNAIi agent is delivered to target cells or tissues by covalently

linking or conjugating the RNAi agent to a targeting group such as an asialoglycoprotein
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receptor ligand. In some embodiments, an asialogly coprotein receptor ligand includes, consists
of, or consists essentially of, a galactose or galactose-derivative cluster. In some embodiments,
an AAT RNAI agent is linked to a targeting ligand comprising the galactose-derivative N-
acetyl-galactosamine. In some embodiments, a galactose-derivative cluster includes an N-
acetyl-galactosamine trimer or an N-acetyl-galactosamine tetramer. In some embodiments, a
galactose derivative cluster is an N-acetyl-galactosamine trimer or an N-acetyl-galactosamine
tetramer. Example targeting groups useful for delivering RNAi agents are disclosed, for
example, in U.S. Patent Application No. 15/452,324 and WO 2017/156012, which are

incorporated by reference herein in their entirety.

A targeting group can be linked to the 3’ or 5’ end of a sense strand or an antisense strand of an
AAT RNAI agent. In some embodiments, a targeting group is linked to the 3" or 5" end of the
sense strand. In some embodiments, a targeting group is linked to the 5’ end of the sense strand.
In some embodiments, a targeting group is linked internally to a nucleotide on the sense strand
and/or the antisense strand of the RNAi agent. In some embodiments, a targeting group is

linked to the RNAI agent via a linker.

A targeting group, with or without a linker, can be linked to the 5" or 3’ end of any of the sense
and/or antisense strands disclosed in Tables 2, 3, 4, and 5. A linker, with or without a targeting
group, can be attached to the 5’ or 3’ end of any of the sense and/or antisense strands disclosed

in Tables 2, 3, 4, and 5.

In another aspect, the disclosure features compositions that include one or more AAT RNAIi

agents that have the duplex structures disclosed in Table 6.

In some embodiments, described herein are compositions that include a combination or cocktail
of at least two AAT RN Ai agents having different nucleotide sequences. In some embodiments,
the two or more different AAT RNAIi agents are each separately and independently linked to
targeting groups. In some embodiments, the two or more different AAT RNAi agents are each
linked to targeting groups that include or consist of targeting ligands that include one or more
moieties that target an asialoglycoprotein receptor. In some embodiments, the two or more
different AAT RNAIi agents are each linked to targeting groups that include or consist of
targeting ligands that include one or more galactose-derivatives. In some embodiments, the two

or more different AAT RNAI agents are each linked to targeting groups that include or consist
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of targeting ligands that include one or more N-acetyl-galactosamines. In some embodiments,
when two or more RNAi agents are included in a composition, each RNAi agent is
independently linked to the same targeting group. In some embodiments, when two or more
RNAI agents are included in a composition, each RNAi agent is independently linked to a

different targeting group, such as targeting groups having different chemical structures.

In some embodiments, targeting groups are linked to the AAT RNAI agents without the use of
an additional linker. In some embodiments, the targeting group is designed having a linker
readily present to facilitate the linkage to an AAT RNAIi agent. In some embodiments, when
two or more RNAI agents are included in a composition, the two or more RN A1 agents may be
linked to their respective targeting groups using the same linkers. In some embodiments, when
two or more RNAI agents are included in a composition, the two or more RNAi agents are

linked to their respective targeting groups using different linkers.

In another aspect, the disclosure features methods for inhibiting alpha-1 antifrypsin gene
expression in a subject, the methods comprising admunistering to the subject an amount of an
AAT RNAI agent capable of inhibiting the expression of an AAT gene, wherein the AAT RNA1

agent comprises a sense strand and an antisense strand.

Also described herein are methods for the treatment of a condition or disease caused bv AATD,
comprising administering to a subject a therapeutically effective amount of an RNAi agent
described herein. Further described are methods for inhibiting expression of an AAT gene,

wherein the methods include administering to a cell an AAT RNAI agent described herein.

In some embodiments, disclosed herein are methods for the treatment of AATD (including the
treatment of a condition or disease caused by AATD), the methods comprising administering
to a subject a therapeutically effective amount of an RNAI1 agent having an antisense strand

comprising the sequence of any of the sequences in Tables 2, 3, or 4.

In some embodiments, disclosed herein are methods for inhibiling expression of an AAT gene,
the methods comprising administering to a cell an AAT RNA1 agent that includes an antisense

-

strand comprising the sequence of any of the sequences in Tables 2, 3, or 4.
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In some embodiments, disclosed herein methods for the treatment of AATD (including the
treatment of a condition or disease caused by AATD), the methods comprising administering
to a subject a therapeutically effective amount of an RNA1 agent that includes a sense strand

o)

comprising the sequence of any of the sequences in Tables 2, 3, or 5.

In some embodiments, disclosed herein are methods for inhibiting expression of an AAT gene,
wherein the methods include adninistering to a cell an AAT RN A1 agent that includes a sense

strand comprising the sequence of any of the sequences in Tables 2, 3, or 5.

In some embodiments, disclosed herein are methods for the treatment of AATD (including the
treatment of a condition or disease caused by AATD), wherein the methods include
administering to a subject a therapeutically effective amount of an RNAI1 agent that includes a
sense strand comprising the sequence of any of the sequences in Table 5, and an antisense

strand comprising any of the sequences in Table 4.

In some embodiments, disclosed herein are methods for inhibiting expression of an AAT gene,
wherein the methods include administering to a subject a therapeutically effective amount of
an RNA1 agent that includes a sense strand comprising the sequence of any of the sequences in

Table 3, and an antisense strand comprising any of the sequences in Table 4.

In some embodiments, disclosed herein are methods of inhibiting expression of an AAT gene,
wherein the methods include administering 1o a subject an AAT RNAI agent that includes a
sense strand consisting of the nuclecbase sequence of any of the sequences in Table 5, and the
antisense strand consisting of the nucleobase sequence of any of the sequences in Table 4. In
other embodiments, disclosed herein are methods of inhibiting expression of an AAT gene,
wherein the methods include administering to a subject an AAT RNAI agent that includes a
sense strand consisting of the modified sequence of any of the modified sequences in Table 5,
and the antisense strand consisting of the modified sequence of any of the modified sequences

in Table 4.

In some embodiments, disclosed herein are methods for inhibiting expression of an AAT gene
in a cell, wherein the methods include administering one or more AAT RNA1 agents having

the duplex structure set forth in Table 6.
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In some embodiments, the AAT RNAI agents disclosed herein have structures that include,
consist of, or consist essentially of, the structure shown 1n any one of Figure 1, Figure 2, Figure

3, Figure 4, Figure 5, Figure 6, Figure 7, or Figure 8.

The AAT RNAI agents disclosed herein are designed to target specific positions on an AAT
gene (SEQ ID NO:1). As defined herein, an antisense strand sequence is designed to target an
AAT gene at a given position on the gene when the 5' terminal nucleobase of the antisense
strand would be aligned with the position that is 19 nucleotides downstream (towards the 3’
end) from the position on the gene when base pairing to the gene. For example, as illustrated
in Tables 1, 2, and 3 herein, an antisense strand sequence designed to target an AAT gene at
position 1000 requires that when base pairing to the gene, the 5' terminal nucleobase of the
antisense strand is aligned with position 1018 of the AAT gene. As provided herein, an AAT
RNAI agent does not require that the nucleobase at position 1 (5' = 3’) of the antisense strand
be complementary to the gene, provided that there is at least 85% complementarity (e.g., at
least 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, or 100% complementarity) of the antisense strand
and the gene across a core stretch sequence of at least 16 consecutive nucleotides. For example,
for an AAT RNAI agent disclosed herein that is designed to target position 1000 of an AAT
gene, the 5' terminal nucleobase of the antisense strand of the of the AAT RNAIi agent must be
aligned with position 1018 of the gene; however, the 5’ terminal nucleobase of the antisense
strand may be, but is not required to be, complementary to position 1018 of an AAT gene,
provided that there is at least 85% complementarity (e.g., at least 90, 91, 92, 93, 94, 95, 96, 97,
98, 99, or 100% complementarity) of the antisense strand and the gene across a core stretch
sequence of at least 16 consecutive nucleotides. As shown by, among other things, the various
examples disclosed herein, the specific site of binding of the gene by the antisense strand of
the AAT RNAI agent (e.g., whether the AAT RNAIi agent is designed to target an AAT gene
at position 1000, at position 1142, or at some other position) is highly important to the level of
inhibition achieved by the AAT RNAI agent.

In some embodiments, the antisense strand sequence is designed to have a sequence target

position 1000 of an AAT gene (SEQ ID NO: 1).

In some embodiments, the antisense strand of an AAT RNAIi agent comprises or consists of
the nucleobase sequence of UGUUAAACAUGCCUAAACGCU (SEQ ID NO: 801), wherein

at least one or more nucleotides is a modified nucleotide. In some embodiments, the antisense
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strand of an AAT RNAi agent comprises or consists of the nucleobase sequence of
UGUUAAACAUGCCUAAACGCU (SEQ ID NO: 801), wherein all or substantially all of the

nucleotides are modified nucleotides.

In some embodiments, the antisense strand of an AAT RNAI agent comprises or consists of
the nucleobase sequence of UGUUAAACAUGCCUAAACGUU (SEQ ID NO: 794), wherein
at least one or more nucleotides is a modified nucleotide. In some embodiments, the antisense
strand of an AAT RNAi agent comprises or consists of the nucleobase sequence of
UGUUAAACAUGCCUAAACGUU (SEQ ID NO: 794), wherein all or substantially all of the

nucleotides are modified nucleotides.

In some embodiments, the antisense strand of an AAT RNAIi agent comprises or consists of
the nucleobase sequence of UGUUAAACAUGCCUAAACGCUU (SEQ ID NO: 839),
wherein at least one or more nucleotides is a modified nucleotide. In some embodiments, the
antisense strand of an AAT RNAI agent comprises or consists of the nucleobase sequence of
UGUUAAACAUGCCUAAACGCUU (SEQ ID NO: 839), wherein all or substantially all of

the nucleotides are modified nucleotides.

In some embodiments, the antisense strand of an AAT RNAIi agent comprises or consists of
the nucleobase sequence of UGUUAAACAUGCCUAAACGCG (SEQ ID NO: 800), wherein
at least one or more nucleotides is a modified nucleotide. In some embodiments, the antisense
strand of an AAT RNAi agent comprises or consists of the nucleobase sequence of
UGUUAAACAUGCCUAAACGCG (SEQ ID NO: 800), wherein all or substantially all of the

nucleotides are modified nucleotides.

In some embodiments, the antisense strand of an AAT RNAIi agent comprises or consists of
the nucleobase sequence of UGUUAAACAUGCCUAAACG (SEQ ID NO: 80), wherein one
or more nucleotides is a modified nucleotide. In some embodiments, the antisense strand of an
AAT RNAi agent comprises or consists of the nucleobase sequence of
UGUUAAACAUGCCUAAACG (SEQ ID NO: 80), wherein all or substantially all of the

nucleotides are modified nucleotides.

In some embodiments, the antisense strand of an AAT RNAIi agent comprises or consists of

the nucleobase sequence of AGUUAAACAUGCCUAAACG (SEQ ID NO: 81), wherein one
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or more nucleotides is a modified nucleotide. In some embodiments, the antisense strand of an
AAT RNAi agent comprises or consists of the nucleobase sequence of
AGUUAAACAUGCCUAAACG (SEQ ID NO: 81), wherein all or substantially all of the

nucleotides are modified nucleotides.

In some embodiments, the sense strand of an AAT RNAIi agent comprises or consists of the
nucleobase sequence of CGUUUAGGCAUGUUUAACA (SEQ ID NO: 429), wherein one or
more nucleotides is a modified nucleotide. In some embodiments, the sense strand of an AAT
RNAi agent comprises or consists of the nucleobase sequence of
CGUUUAGGCAUGUUUAACA (SEQ ID NO: 429), wherein all or substantially all of the

nucleotides are modified nucleotides.

In some embodiments, the sense strand of an AAT RNAIi agent comprises or consists of the
nucleobase sequence of CGUUUAGGCAUGUUUAACU (SEQ ID NO: 430), wherein one or
more nucleotides is a modified nucleotide. In some embodiments, the sense strand of an AAT
RNAi agent comprises or consists of the nucleobase sequence of
CGUUUAGGCAUGUUUAACU (SEQ ID NO: 430), wherein all or substantially all of the

nucleotides are modified nucleotides.

In some embodiments, the sense strand of an AAT RNAIi agent comprises or consists of the
nucleobase sequence of CGUUUAGGCAUGUUUAACA (SEQ ID NO: 429), wherein one or
more nucleotides is a modified nucleotide, and the antisense strand of an AAT RNAI agent
comprises or consists of the nucleobase sequence of UGUUAAACAUGCCUAAACG (SEQ

ID NO: 80), wherein one or more nucleotides is a modified nucleotide.

In some embodiments, the sense strand of an AAT RNAIi agent comprises or consists of the
nucleobase sequence of CGUUUAGGCAUGUUUAACU (SEQ ID NO: 430), wherein one or
more nucleotides is a modified nucleotide, and the antisense strand of an AAT RNAI agent
comprises or consists of the nucleobase sequence of AGUUAAACAUGCCUAAACG (SEQ

ID NO: 81), wherein one or more nucleotides is a modified nucleotide.

In some embodiments, the antisense strand of an AAT RNAIi agent comprises or consists of
the nucleobase sequence of UGUUAAACAUGCCUAAACGUU (SEQ ID NO: 794), wherein

at least one or more nucleotides is a modified nucleotide, and the sense strand of an AAT RNAIi
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agent comprises or consists of the nucleobase sequence of

CGUUUAGGCAUGUUUAACAUU (SEQ ID NO: 857).

In some embodiments, the antisense strand of an AAT RNAIi agent comprises or consists of
the nucleobase sequence of UGUUAAACAUGCCUAAACGCUU (SEQ ID NO: 839),
wherein at least one or more nucleotides is a modified nucleotide, and the sense strand of an
AAT RNAi agent comprises or consists of the nucleobase sequence of

GCGUUUAGGCAUGUUUAACAUU (SEQ ID NO: 885).

In some embodiments, the antisense strand of an AAT RNAIi agent comprises or consists of
the nucleobase sequence of UGUUAAACAUGCCUAAACGCG (SEQ ID NO: 800), wherein
at least one or more nucleotides is a modified nucleotide, and the sense strand of an AAT RNAIi
agent comprises or consists of the nucleobase sequence of

CGCGUUUAGGCAUGUUUAACA (SEQ ID NO: 864).

In some embodiments, the antisense strand of an AAT RNAI agent comprises or consists of
the nucleobase sequence of UGUUAAACAUGCCUAAACGCU (SEQ ID NO: 801), wherein
at least one or more nucleotides is a modified nucleotide, and the sense strand of an AAT RNAIi
agent comprises or consists of the nucleobase sequence of

AGCGUUUAGGCAUGUUUAACA (SEQ ID NO: 866).

In some embodiments, the antisense strand of an AAT RNAIi agent comprises or consists of
the nucleobase sequence of UGUUAAACAUGCCUAAACGUU (SEQ ID NO: 794) differing
by 0, 1, 2, or 3 nucleotides, wherein at least one or more nucleotides is a modified nucleotide,
and the sense strand of an AAT RNAIi agent comprises or consists of the nucleobase sequence
of CGUUUAGGCAUGUUUAACAUU (SEQ ID NO: 857) differing by 0, 1, 2, or 3

nucleotides.

In some embodiments, the antisense strand of an AAT RNAI agent comprises or consists of
the nucleobase sequence of UGUUAAACAUGCCUAAACGCUU (SEQ ID NO: 839)
differing by 0, 1, 2, or 3 nucleotides, wherein at least one or more nucleotides is a modified
nucleotide, and the sense strand of an AAT RNAi agent comprises or consists of the nucleobase
sequence of GCGUUUAGGCAUGUUUAACAUU (SEQ ID NO: 885) differing by 0, 1, 2, or

3 nucleotides.
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In some embodiments, the antisense strand of an AAT RNAIi agent comprises or consists of
the nucleobase sequence of UGUUAAACAUGCCUAAACGCG (SEQ ID NO: 800) differing
by 0, 1, 2, or 3 nucleotides, wherein at least one or more nucleotides is a modified nucleotide,
and the sense strand of an AAT RNAIi agent comprises or consists of the nucleobase sequence
of CGCGUUUAGGCAUGUUUAACA (SEQ ID NO: 864) differing by 0, 1, 2, or 3

nucleotides.

In some embodiments, the antisense strand of an AAT RNAIi agent comprises or consists of
the nucleobase sequence of UGUUAAACAUGCCUAAACGCU (SEQ ID NO: 801) differing
by 0, 1, 2, or 3 nucleotides, wherein at least one or more nucleotides is a modified nucleotide,
and the sense strand of an AAT RNAIi agent comprises or consists of the nucleobase sequence
of AGCGUUUAGGCAUGUUUAACA (SEQ ID NO: 866) differing by 0, 1, 2, or 3

nucleotides.

In some embodiments, the AAT RNAi agent comprises, consists of, or consists essentially of

the duplex structure of AD04824.

In some embodiments, the AAT RNAi agent comprises, consists of, or consists essentially of

the duplex structure of AD04825.

In some embodiments, the AAT RNAi agent comprises, consists of, or consists essentially of

the duplex structure of AD04826.

In some embodiments, the AAT RNAi agent comprises, consists of, or consists essentially of

the duplex structure of AD04827.

In some embodiments, the AAT RNAi agent comprises, consists of, or consists essentially of

the duplex structure of AD04828.

In some embodiments, the AAT RNAIi agent comprises, consists of, or consists essentially of

the duplex structure of AD04829.
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In some embodiments, the AAT RNAi agent comprises, consists of, or consists essentially of

the duplex structure of AD04830.

In some embodiments, the AAT RNAi agent comprises, consists of, or consists essentially of

the duplex structure of AD04831.

In some embodiments, the AAT RNAi agent comprises, consists of, or consists essentially of

the duplex AD04832.

In some embodiments, the AAT RNAi agent comprises, consists of, or consists essentially of

the duplex structure of AD04833.

In some embodiments, the AAT RNAi agent comprises, consists of, or consists essentially of

the duplex structure of AD04834.

In some embodiments, the AAT RNAi agent comprises, consists of, or consists essentially of

the duplex structure of AD04835.

In some embodiments, the AAT RNAi agent comprises, consists of, or consists essentially of

the duplex structure of AD04836.

In some embodiments, the AAT RNAIi agent comprises, consists of, or consists essentially of

the duplex structure of AD04837.

In some embodiments, the antisense strand of an AAT RNAIi agent comprises or consists of
the nucleobase sequence of UGUUAAACAUGCCUAAACG (SEQ ID NO: 80), wherein one
or more nucleotides is a modified nucleotide, and wherein SEQ ID NO: 80 is located at
positions 1 to 19 (5’ = 3') of the antisense strand. In some embodiments, the antisense strand
of an AAT RNAi agent comprises or consists of the nucleobase sequence of
UGUUAAACAUGCCUAAACG (SEQ ID NO: 80), wherein all or substantially all of the
nucleotides are modified nucleotides, and wherein SEQ ID NO: 80 is located at positions 1 to

19 (5’ -» 3") of the antisense strand.
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In some embodiments, the antisense strand of an AAT RNAIi agent comprises or consists of
the nucleobase sequence of AGUUAAACAUGCCUAAACG (SEQ ID NO: 81), wherein one
or more nucleotides is a modified nucleotide, and wherein SEQ ID NO: 81 is located at
positions 1 to 19 (53’ > 3') of the antisense strand. In some embodiments, the antisense strand
of an AAT RNAi agent comprises or consists of the nucleobase sequence of
AGUUAAACAUGCCUAAACG (SEQ ID NO: 81), wherein all or substantially all of the
nucleotides are modified nucleotides, and wherein SEQ ID NO: 81 is located at positions 1 to

19 (53’ => 3") of the antisense strand.

In some embodiments, the sense strand of an AAT RNAIi agent comprises the nucleobase
sequence of CGUUUAGGCAUGUUUAACA (SEQ ID NO: 429), wherein one or more
nucleotides is a modified nucleotide, and wherein position 19 of SEQ ID NO: 429 forms a base
pair with the nucleotide located at the 5’ terminal end of the antisense strand. In some
embodiments, the sense strand of an AAT RNAi agent comprises or consists of the nucleobase
sequence of CGUUUAGGCAUGUUUAACA (SEQ ID NO: 429), wherein all or substantially
all of the nucleotides are modified nucleotides, and wherein position 19 of SEQ ID NO: 429

forms a base pair with the nucleotide located at the 5' terminal end of the antisense strand.

In some embodiments, the sense strand of an AAT RNAIi agent comprises the nucleobase
sequence of CGUUUAGGCAUGUUUAACU (SEQ ID NO: 430), wherein one or more
nucleotides is a modified nucleotide, and wherein position 19 of SEQ ID NO: 430 forms a base
pair with the nucleotide located at the 5’ terminal end of the antisense strand. In some
embodiments, the sense strand of AN AAT RNAI agent comprises the nucleobase sequence of
CGUUUAGGCAUGUUUAACU (SEQ ID NO: 430), wherein all or substantially all of the
nucleotides are modified nucleotides, and wherein position 19 of SEQ ID NO: 430 forms a

base pair with the nucleotide located at the 5’ terminal end of the antisense strand.

In some embodiments, the antisense strand of an AAT RNAIi agent comprises or consists of
the nucleobase sequence of UGUUAAACAUGCCUAAACGUU (SEQ ID NO: 794), wherein
at least one or more nucleotides is a modified nucleotide, and wherein SEQ ID NO: 794 is
located at positions 1 to 21 (5" > 3') of the antisense strand. In some embodiments, the
antisense strand of an AAT RNAI agent comprises or consists of the nucleobase sequence of

UGUUAAACAUGCCUAAACGUU (SEQ ID NO: 794), wherein all or substantially all of the
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nucleotides are modified nucleotides, and wherein SEQ ID NO: 794 is located at positions 1 to

21 (5" =» 3') of the antisense strand.

In some embodiments, the antisense strand of an AAT RNAI agent comprises or consists of
the nucleobase sequence of UGUUAAACAUGCCUAAACGCUU (SEQ ID NO: 839),
wherein at least one or more nucleotides is a modified nucleotide, and wherein SEQ ID NO:
839 is located at positions 1 to 22 (5' = 3') of the antisense strand. In some embodiments, the
antisense strand of an AAT RNAI agent comprises or consists of the nucleobase sequence of
UGUUAAACAUGCCUAAACGCUU (SEQ ID NO: 839), wherein all or substantially all of
the nucleotides are modified nucleotides, and wherein SEQ ID NO: 839 is located at positions

1 to 22 (5’ -» 3") of the antisense strand.

In some embodiments, the antisense strand of an AAT RNAIi agent comprises or consists of
the nucleobase sequence of UGUUAAACAUGCCUAAACGCG (SEQ ID NO: 800), wherein
at least one or more nucleotides is a modified nucleotide, and wherein SEQ ID NO: 800 is
located at positions 1 to 21 (5’ > 3’) of the antisense strand. In some embodiments, the
antisense strand of an AAT RNAI agent comprises or consists of the nucleobase sequence of
UGUUAAACAUGCCUAAACGCG (SEQ ID NO: 800), wherein all or substantially all of the
nucleotides are modified nucleotides, and wherein SEQ ID NO: 800 is located at positions 1 to

21 (5" - 3') of the antisense strand.

In some embodiments, the antisense strand of an AAT RNAIi agent comprises or consists of
the nucleobase sequence of UGUUAAACAUGCCUAAACGCU (SEQ ID NO: 801), wherein
at least one or more nucleotides is a modified nucleotide, and wherein SEQ ID NO: 801 is
located at positions 1 to 21 (5’ > 3’) of the antisense strand. In some embodiments, the
antisense strand of an AAT RNAI agent comprises or consists of the nucleobase sequence of
UGUUAAACAUGCCUAAACGCU (SEQ ID NO: 801), wherein all or substantially all of the
nucleotides are modified nucleotides, and wherein SEQ ID NO: 801 is located at positions 1 to

21 (3" = 3") of the antisense strand.

In some embodiments, the antisense strand of an AAT RNAIi agent comprises or consists of
the nucleobase sequence of UGUUAAACAUGCCUAAACGUU (SEQ ID NO: 794), wherein
at least one or more nucleotides is a modified nucleotide, and wherein SEQ ID NO: 794 is

located at the 5’ the terminal end of the antisense strand, and wherein sense strand of an AAT
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RNAi agent comprises or consists of the nucleobase sequence of

CGUUUAGGCAUGUUUAACAUU (SEQ ID NO: 857).

In some embodiments, the antisense strand of an AAT RNAIi agent comprises or consists of
the nucleobase sequence of UGUUAAACAUGCCUAAACGCUU (SEQ ID NO: 839),
wherein at least one or more nucleotides is a modified nucleotide, and wherein SEQ ID NO:
839 is located at the 5’ the terminal end of the antisense strand, and the sense strand of an AAT
RNAi agent comprises or consists of the nucleobase sequence  of

GCGUUUAGGCAUGUUUAACAUU (SEQ ID NO: 885).

In some embodiments, the antisense strand of an AAT RNAIi agent comprises or consists of
the nucleobase sequence of UGUUAAACAUGCCUAAACGCG (SEQ ID NO: 800), wherein
at least one or more nucleotides is a modified nucleotide, and wherein SEQ ID NO: 800 is
located at the 5’ the terminal end of the antisense strand, and the sense strand of an AAT RNAI
agent comprises or consists of the nucleobase sequence of

CGCGUUUAGGCAUGUUUAACA (SEQ ID NO: 864).

In some embodiments, the antisense strand of an AAT RNAIi agent comprises or consists of
the nucleobase sequence of UGUUAAACAUGCCUAAACGCU (SEQ ID NO: 801), wherein
at least one or more nucleotides is a modified nucleotide, and wherein SEQ ID NO: 801 is
located at the 5’ the terminal end of the antisense strand, and the sense strand of an AAT RNAI
agent comprises or consists of the nucleobase sequence of

AGCGUUUAGGCAUGUUUAACA (SEQ ID NO: 866).

In some embodiments, the antisense strand of an AAT RNAIi agent comprises or consists of
the nucleobase sequence of UGUUAAACAUGCCUAAACGUU (SEQ ID NO: 794) differing
by 0, 1, 2, or 3 nucleotides, wherein at least one or more nucleotides is a modified nucleotide,
and wherein SEQ ID NO: 794 is located at the 5' the terminal end of the antisense strand, and
the sense strand of an AAT RNAi agent comprises or consists of the nucleobase sequence of

CGUUUAGGCAUGUUUAACAUU (SEQ ID NO: 857) differing by 0, 1, 2, or 3 nucleotides.

In some embodiments, the antisense strand of an AAT RNAIi agent comprises or consists of
the nucleobase sequence of UGUUAAACAUGCCUAAACGCUU (SEQ ID NO: 839)

differing by 0, 1, 2, or 3 nucleotides, wherein at least one or more nucleotides is a modified
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nucleotide, and wherein SEQ ID NO: 839 is located at the 5' the terminal end of the antisense
strand, and the sense strand of an AAT RNAIi agent comprises or consists of the nucleobase
sequence of GCGUUUAGGCAUGUUUAACAUU (SEQ ID NO: 885) differing by 0, 1, 2, or

3 nucleotides.

In some embodiments, the antisense strand of an AAT RNAI agent comprises or consists of
the nucleobase sequence of UGUUAAACAUGCCUAAACGCG (SEQ ID NO: 800) differing
by 0, 1, 2, or 3 nucleotides, wherein at least one or more nucleotides is a modified nucleotide,
and wherein SEQ ID NO: 800 is located at the 5' the terminal end of the antisense strand, and
the sense strand of an AAT RNAi agent comprises or consists of the nucleobase sequence of

CGCGUUUAGGCAUGUUUAACA (SEQ ID NO: 864) differing by 0, 1, 2, or 3 nucleotides.

In some embodiments, the antisense strand of an AAT RNAI agent comprises or consists of
the nucleobase sequence of UGUUAAACAUGCCUAAACGCU (SEQ ID NO: 801) differing
by 0, 1, 2, or 3 nucleotides, wherein at least one or more nucleotides is a modified nucleotide,
and wherein SEQ ID NO: 801 is located at the 5' the terminal end of the antisense strand, and
the sense strand of an AAT RNAi agent comprises or consists of the nucleobase sequence of

AGCGUUUAGGCAUGUUUAACA (SEQ ID NO: 866) differing by 0, 1, 2, or 3 nucleotides.

The AAT RNAI agents described herein can include one or more modified nucleotides. The
AAT RNAi agents described herein can also include one or more phosphorothioate

internucleoside linkages.

The AAT RNAI agents described herein can also include one or more targeting groups or
linking groups. In some embodiments, the AAT RNAI agents disclosed herein include one or
more targeting groups. In some embodiments, the targeting groups are comprised of an
asialoglycoprotein receptor ligand. In some embodiments, the asialoglycoprotein receptor
ligand comprises a galactose or galactose-derivative cluster. In some embodiments, the
galactose-derivative clusier comprises N-aceiyl-galactosamine. In some embodiments, the
targeting ligand comprises an N-acetyl-galactosamine trimer. In some embodiments, a

targeting group is conjugated to the sense strand of the AAT RNAi agents disclosed herein.

In some embodiments, the antisense strand of an AAT RNAIi agent comprises or consists of

the sequence (5’ =2 3') usGfsusUfaAfaCfaUfgCfcUfaAfaCfgusu (SEQ ID NO: 913), wherein
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a, ¢, g, and u are 2'-O-methyl adenosine, cytidine, guanosine, or uridine, respectively; Af, Cf,
Gf, and Uf are 2'-fluoro adenosine, cytidine, guanosine, or uridine, respectively; and s is a
phosphorothioate linkage, and the sense strand is at least substantially complementary to the

antisense strand.

In some embodiments, the antisense strand of an AAT RNAIi agent comprises or consists of
the sequence (5’ 2 3') usGfsusUfaAfaCfaUfgCfcUfaAfaCfgcusu (SEQ ID NO: 9358), wherein
a, ¢, g, and u are 2'-O-methyl adenosine, cytidine, guanosine, or uridine, respectively; Af, Cf,
Gf, and Uf are 2'-fluoro adenosine, cytidine, guanosine, or uridine, respectively; and s is a
phosphorothioate linkage, and the sense strand is at least substantially complementary to the

antisense strand.

In some embodiments, the antisense strand of an AAT RNAIi agent comprises or consists of
the sequence (5' =2 3') usGfsuUfaAfaCfaUfgCfcUfaAfaCfgsCfsg (SEQ ID NO: 959), wherein
a, ¢, g, and u are 2'-O-methyl adenosine, cytidine, guanosine, or uridine, respectively; Af, Cf,
Gf, and Uf are 2'-fluoro adenosine, cytidine, guanosine, or uridine, respectively; and s is a
phosphorothioate linkage, and the sense strand is at least substantially complementary to the

antisense strand.

In some embodiments, the antisense strand of an AAT RNAI agent comprises or consists of
the sequence (5’ =2 3') usGfsuUfaAfacaugCfcUfaAfaCfgCfsu (SEQ ID NO: 960), wherein a,
¢, g, and u are 2’-O-methyl adenosine, cytidine, guanosine, or uridine, respectively; Af, Cf, Gf,
and Uf are 2'-fluoro adenosine, cytidine, guanosine, or uridine, respectively; and s is a
phosphorothioate linkage, and the sense strand is at least substantially complementary to the

antisense strand.

In some embodiments, the antisense strand of an AAT RNAIi agent comprises or consists of
the sequence (5' = 3') usGfsusUfaAfaCfaUfgCfcUfaAfaCfgusu (SEQ ID NO: 913) and the
sense strand of an AAT RNAi agent comprises or consists of the sequence (5' = 3')
cguuuaGfGfCfauguuuaacausu (SEQ ID NO: 1276), wherein a, ¢, g, and u are 2'-O-methyl
adenosine, cytidine, guanosine, or uridine, respectively; Af, Cf, Gf, and Uf are 2'-fluoro
adenosine, cytidine, guanosine, or uridine, respectively; s is a phosphorothioate linkage;

wherein optionally present on the sense strand is one, two, or more inverted abasic deoxyribose
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(invAb); and wherein optionally linked to the 5’ terminal end of the sense strand is a targeting

ligand that includes N-acetyl-galactosamine.

In some embodiments, the antisense strand of an AAT RNAIi agent comprises or consists of
the sequence (5’ 2 3') usGfsusUfaAfaCfaUfgCfcUfaAfaCfgcusu (SEQ ID NO: 9358) and the
sense strand of an AAT RNAi agent comprises or consists of the sequence (5' = 3')
gcguuuaGfGfCfauguuuaacausu (SEQ ID NO: 1277), wherein a, ¢, g, and u are 2’-O-methyl
adenosine, cytidine, guanosine, or uridine, respectively; Af, Cf, Gf, and Uf are 2'-fluoro
adenosine, cytidine, guanosine, or uridine, respectively; s is a phosphorothioate linkage;
wherein optionally present on the sense strand is one, two, or more inverted abasic deoxyribose
(invAb); and wherein optionally linked to the 5’ terminal end of the sense strand is a targeting

ligand that includes N-acetyl-galactosamine.

In some embodiments, the antisense strand of an AAT RNAIi agent comprises or consists of
the sequence (5’ =2 3') usGfsuUfaAfaCfaUfgCfcUfaAfaCfgsCfsg (SEQ ID NO: 959) and the
sense strand of an AAT RNAi agent comprises or consists of the sequence (5' = 3')
cgeguuuaGfGfCfauguuuaaca (SEQ ID NO: 1278), wherein a, ¢, g, and u are 2'-O-methyl
adenosine, cytidine, guanosine, or uridine, respectively; Af, Cf, Gf, and Uf are 2'-fluoro
adenosine, cytidine, guanosine, or uridine, respectively; s is a phosphorothioate linkage;
wherein optionally present on the sense strand is one, two, or more inverted abasic deoxyribose
(invAb); and wherein optionally linked to the 5’ terminal end of the sense strand is a targeting

ligand that includes N-acetyl-galactosamine.

In some embodiments, the antisense strand of an AAT RNAIi agent comprises or consists of
the sequence (5’ 2 3') usGfsuUfaAfacaugCfcUfaAfaCfgCfsu (SEQ ID NO: 960) and the
sense strand of an AAT RNAi agent comprises or consists of the sequence (5' = 3')
agcguuuaGfGfCfauguuuaaca (SEQ ID NO: 1279), wherein a, ¢, g, and u are 2'-O-methyl
adenosine, cytidine, guanosine, or uridine, respectively; Af, Cf, Gf, and Uf are 2'-fluoro
adenosine, cytidine, guanosine, or uridine, respectively; s is a phosphorothioate linkage;
wherein optionally present on the sense strand is one, two, or more inverted abasic deoxyribose
(invAb); and wherein optionally linked to the 5’ terminal end of the sense strand is a targeting

ligand that includes N-acetyl-galactosamine.
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In some embodiments, the antisense strand of an AAT RNAIi agent comprises or consists of
the sequence (5' = 3') usGfsusUfaAfaCfaUfgCfcUfaAfaCfgusu (SEQ ID NO: 913) and the
sense strand of an AAT RNAi agent comprises or consists of (5 > 3)
(NAG37)s(invAb)scguuuaGfGfCfauguuuaacausu(invAb) (SEQ ID NO: 1028), wherein a, c,
g, and u are 2'-O-methyl adenosine, cytidine, guanosine, or uridine, respectively; Af, Cf, Gf,
and Uf are 2'-fluoro adenosine, cytidine, guanosine, or uridine, respectively; s is a
phosphorothioate linkage; (invAb) is inverted abasic deoxyribose (invAb); and (NAG37) is the
targeting ligand that includes N-acetyl-galactosamine having the structure shown in Table 7

herein.

In some embodiments, the antisense strand of an AAT RNAIi agent comprises or consists of
the sequence (5’ =2 3') usGfsusUfaAfaCfaUfgCfcUfaAfaCfgcusu (SEQ ID NO: 9358) and the
sense strand of an AAT RNAi agent comprises or consists of the sequence (5' = 3')
(NAG37)s(invAb)sgcguuuaGfGfCfauguuuaacausu(invAb) (SEQ ID NO: 1030), wherein a, ¢,
g, and u are 2'-O-methyl adenosine, cytidine, guanosine, or uridine, respectively; Af, Cf, Gf,
and Uf are 2'-fluoro adenosine, cytidine, guanosine, or uridine, respectively; s is a
phosphorothioate linkage; (invAb) is inverted abasic deoxyribose (invAb); and (NAG37) is the
targeting ligand that includes N-acetyl-galactosamine having the structure shown in Table 7

herein.

In some embodiments, the antisense strand of an AAT RNAIi agent comprises or consists of
the sequence (5’ =2 3') usGfsuUfaAfaCfaUfgCfcUfaAfaCfgsCfsg (SEQ ID NO: 959) and the
sense strand of an AAT RNAi agent comprises or consists of the sequence (5' = 3')
(NAG37)s(invAb)scgeguuuaGfGfCfauguuuaacas(invAb) (SEQ ID NO: 1024), wherein a, c, g,
and u are 2'-O-methyl adenosine, cytidine, guanosine, or uridine, respectively; Af, Cf, Gf, and
Uf are 2'-fluoro adenosine, cytidine, guanosine, or uridine, respectively; s is a phosphorothioate
linkage; (invAb) is inverted abasic deoxyribose (invAb); and (NAG37) is the targeting ligand

that includes N-acetyl-galactosamine having the structure shown in Table 7 herein.

In some embodiments, the antisense strand of an AAT RNAIi agent comprises or consists of
the sequence (5’ 2 3') usGfsuUfaAfacaugCfcUfaAfaCfgCfsu (SEQ ID NO: 960) and the
sense strand of an AAT RNAIi agent comprises or consists of the sequence (5' = 3')
(NAG37)s(invAb)sagcguuuaGfGfCfauguuuaacas(invAb) (SEQ ID NO: 1033), wherein a, ¢, g,

and u are 2'-O-methyl adenosine, cytidine, guanosine, or uridine, respectively; Af, Cf, Gf, and
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Uf are 2'-fluoro adenosine, cytidine, guanosine, or uridine, respectively; s is a phosphorothioate
linkage; (invAb) is inverted abasic deoxyribose (invAb); and (NAG37) is the targeting ligand

that includes N-acetyl-galactosamine having the structure shown in Table 7 herein.

In some embodiments, the AAT RNAIi agents described herein can include one or more
targeting groups having the structure of (PAZ), (NAG25), (NAG25)s, (NAG26), (NAG26)s,
(NAG27), (NAG27)s, (NAG28), (NAG28)s, (NAG29), (NAG29)s, (NAG30), (NAG30)s,
(NAG31), (NAG31)s, (NAG32), (NAG32)s, (NAG33), (NAG33)s, (NAG34), (NAG34)s,
(NAG35), (NAG35)s, (NAG36), (NAG36)s, (NAG37), (NAG37)s, (NAG38). (NAG38)s,
(NAG39), (NAG39)s, as defined herein in Table 7.

In some embodiments, the AAT RNAI agents described herein include one targeting group at
the 5' end of the sense strand having the structure of (PAZ), (NAG25), (NAG25)s, (NAG26),
(NAG26)s, (NAG27), (NAG27)s, (NAG28), (NAG28)s, (NAG29), (NAG29)s, (NAG30),
(NAG30)s, (NAG31), (NAG31)s, (NAG32), (NAG32)s, (NAG33), (NAG33)s, (NAG34),
(NAG34)s, (NAG35), (NAG35)s, (NAG36), (NAG36)s, (NAG37), (NAG37)s, (NAG3S),
(NAG38)s, (NAG39), (NAG39)s, as defined herein in Table 7.

The AAT RNAI agents disclosed herein can be incorporated into a composition comprising
one or more disclosed AAT RNAI agent and at least one pharmaceutically acceptable excipient.
In some embodiments, the compositions disclosed herein comprising one or more of the
disclosed AAT RNAI agents and at least one pharmaceutically acceptable excipient is a

pharmaceutical composition.

The pharmaceutical compositions comprising one or more AAT RNAi agents can be
administered in a number of ways depending upon whether local or systemic treatment is
desired. Administration can be, but is not limited to, intravenous, intraarterial, subcutaneous,
intraperitoneal, subdermal (e.g., via an implanted device), and intraparenchymal
administration. In some embodiments, the pharmaceutical compositions described herein are

administered by subcutaneous injection.

In some embodiments, the compositions comprising one or more disclosed AAT RNAi agents
and at least one pharmaceutically acceptable excipient can further comprise one or more

additional therapeutics or treatments.
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In some embodiments, the compositions described herein comprising one or more AAT RNAI
agents are packaged in a kit, container, pack, dispenser, pre-filled syringes, or vials. In some

embodiments, the compositions described herein are administered parenterally.

The AAT RNAI agents and compositions comprising same that are disclosed herein can be
administered to a subject to inhibit the expression of the alpha-1 antitrypsin gene in the subject.
In some embodiments, the subject is a human. In some embodiments, the subject is a human

that has been diagnosed with having AATD.

In some embodiments, disclosed herein are methods for inhibiting expression of an AAT gene
in a cell, the methods comprising administering an AAT RNAI agent that has an antisense
strand that is at least partially complementary to the portion of an AAT mRNA having any one

of the sequences listed in Table 1.

The AAT RNAi agents and compositions comprising same disclosed herein may be
administered to a subject for the treatment of AATD (including a condition or disease caused
by alpha-1 antitrypsin deficiency). The condition or disease that may be treated, prevented,
and/or managed by administration of the AAT RNAi agents and compositions comprising same
disclosed herein include chronic hepatitis, cirrhosis, hepatocellular carcinoma, transaminitis,

cholestasis, fibrosis, or fulminant hepatic failure.

As used herein, the terms “oligonucleotide” and “polynucleotide” mean a polymer of linked

nucleosides each of which can be independently modified or unmodified.

As used herein, an “RNAi agent” or “RNAI trigger” means a composition that contains an RNA
or RNA-like (e.g., chemically modified RNA) oligonucleotide molecule that is capable of
degrading or inhibiting translation of messenger RNA (mRNA) transcripts of a target mRNA
in a sequence specific manner. As used herein, RNAi agents may operate through the RNA
interference mechanism (i.e., inducing RNA interference through interaction with the RNA
interference pathway machinery (RNA-induced silencing complex or RISC) of mammalian
cells), or by any alternative mechanism(s) or pathway(s). While it is believed that RN Ai agents,
as that term is used herein, operate primarily through the RNA interference mechanism, the

disclosed RNAi agents are not bound by or limited to any particular pathway or mechanism of
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action. RNAI agents disclosed herein are comprised of a sense strand and an antisense strand,
and include, but are not limited to: short interfering RNAs (siRNAs), double-strand RNAs
(dsRNA), micro RNAs (miRNAs), short hairpin RNAs (shRNA), and dicer substrates. The
antisense strand of the RN Ai agents described herein is at least partially complementary to the
mRNA being targeted (e.g. AAT mRNA). RNAIi agents can include one or more modified

nucleotides and/or one or more non-phosphodiester linkages.

As used herein, the terms “silence,” “reduce,” “inhibit,” “down-regulate,” or “knockdown”
when referring to expression of a given gene, mean that the expression of the gene, as measured
by the level of RNA transcribed from the gene or the level of polypeptide, protein or protein
subunit translated from the mRNA in a cell, group of cells, tissue, organ, or subject in which
the gene is transcribed, is reduced when the cell, group of cells, tissue, organ, or subject is
treated with the RNAI agents described herein as compared to a second cell, group of cells,

tissue, organ, or subject that has not or have not been so treated.

As used herein, the terms “sequence” and “nucleotide sequence” mean a succession or order
of nucleobases or nucleotides, described with a succession of letters using standard
nomenclature.

As used herein, a “base”, “nucleotide base,” or “nucleobase,” is a heterocyclic pyrimidine or
purine compound, which is a standard constituent of all nucleic acids, and includes the bases
that form the nucleotides adenine (A), guanine (G), cytosine (C), thymine (T), and uracil (U).
A nucleobase may further be modified to include, without limitation, universal bases,
hydrophobic bases, promiscuous bases, size-expanded bases, and fluorinated bases. As used
herein, the term “nucleotide” can include a modified nucleotide (such as, for example, a

nucleotide mimic, abasic residue (Ab), or a surrogate replacement moiety).

As used herein, and unless otherwise indicated, the term “complementary,” when used to
describe a first nucleobase or nucleotide sequence (e.g., RNAIi agent sense strand or targeted
mRNA) in relation to a second nucleobase or nucleotide sequence (e.g., RNAi agent antisense
strand or a single-stranded antisense oligonucleotide), means the ability of an oligonucleotide
or polynucleotide including the first nucleotide sequence to hybridize (form base pair hydrogen
bonds under mammalian physiological conditions (or similar conditions in vitro)) and form a

duplex or double helical structure under certain standard conditions with an oligonucleotide or
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polynucleotide including the second nucleotide sequence. Complementary sequences include
Watson-Crick base pairs or non-Watson-Crick base pairs and include natural or modified
nucleotides or nucleotide mimics, at least to the extent that the above hybridization
requirements are fulfilled. Sequence identity or complementarity is independent of
modification. For example, a and Af, as defined herein, are complementary to U (or T) and

identical to A for the purposes of determining identity or complementarity.

As used herein, “perfectly complementary”™ or “fully complementary” means that all (100%)
of the nucleobases or nucleotides in a contiguous sequence of a first polynucleotide will
hybridize with the same number of nucleobases or nucleotides in a contiguous sequence of a
second polynucleotide. The contiguous sequence may comprise all or a part of a first or second

nucleotide sequence.

As used herein, “partially complementary” means that in a hybridized pair of nucleobase
sequences, at least 70%, but not all, of the bases in a contiguous sequence of a first
polynucleotide will hybridize with the same number of bases in a contiguous sequence of a

second polynucleotide.

As used herein, “substantially complementary” means that in a hybridized pair of nucleobase
sequences, at least 85%, but not all, of the bases in a contiguous sequence of a first
polynucleotide will hybridize with the same number of bases in a contiguous sequence of a

EE R4S

second polynucleotide. The terms “complementary,” “fully complementary,” “partially
complementary,” and “substantially complementary” herein are used with respect to the
nucleobase or nucleotide matching between the sense strand and the antisense strand of an
RNAI agent, or between the antisense strand of an RNAi agent and a sequence of an AAT

mRNA.

As used herein, the term “substantially identical” or “substantially identity” as applied to
nucleic acid sequence means that a nucleic acid sequence comprises a sequence that has at least
about 85% sequence identity or more, e.g., at least 90%, at least 95%, or at least 99% identity,
compared to a reference sequence. Percentage of sequence identity is determined by comparing
two optimally aligned sequences over a comparison window. The percentage is calculated by
determining the number of positions at which the identical nucleic acid base occurs in both

sequences to yield the number of matched positions, dividing the number of matched positions
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by the total number of positions in the window of comparison and multiplying the result by
100 to yield the percentage of sequence identity. The inventions disclosed herein encompass
nucleotide sequences substantially identical to those disclosed herein.

29 <.

As used herein, the terms “treat,” “treatment,” and the like, mean the methods or steps taken to
provide relief from or alleviation of the number, severity, and/or frequency of one or more
symptoms of a disease in a subject. As used herein, “treat” and treatment” may include the
prevention, management, prophylactic treatment, and/or inhibition of the number, severity,

and/or frequency of one or more symptoms of a disease in a subject.

As used herein, the phrase “introducing into a cell,” when referring to an RN A1 agent, means
functionally delivering the RNAi agent into a cell. The phrase “functional delivery,” means
that delivering the RNAi agent to the cell in a manner that enables the RN A1 agent to have the

expected biological activity, e.g., sequence-specific inhibition of gene expression.

. % .
Unless stated otherwise, use of the symbol ~ * as used herein means that any group or groups

may be linked thereto that is in accordance with the scope of the inventions described herein.

As used herein, the term “isomers” refers to compounds that have identical molecular formulae,
but that differ in the nature or the sequence of bonding of their atoms or in the arrangement of
their atoms in space. Isomers that differ in the arrangement of their atoms in space are termed
“stereoisomers.”  Stereoisomers that are not mirror images of one another are termed
“diastereoisomers,” and stereoisomers that are non-superimposable mirror images are termed
“enantiomers,” or sometimes optical isomers. A carbon atom bonded to four non-identical

substituents 1s termed a “chiral center.”

As used herein, unless specifically identified in a structure as having a particular conformation,
for each structure in which asymmetric centers are present and thus give rise to enantiomers,
diastereomers, or other stereoisomeric configurations, each structure disclosed herein is
intended to represent all such possible isomers, including their optically pure and racemic
forms. For example, the structures disclosed herein are intended to cover mixtures of

diastereomers as well as single stereoisomers.
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As used in a claim herein, the phrase “consisting of” excludes any element, step, or ingredient
not specified in the claim. When used in a claim herein, the phrase “consisting essentially of”
limits the scope of a claim to the specified materials or steps and those that do not materially

affect the basic and novel characteristic(s) of the claimed invention.

The person of ordinary skill in the art would readily understand and appreciate that the
compounds and compositions disclosed herein may have certain atoms (e.g., N, O, or S atoms)
in a protonated or deprotonated state, depending upon the environment in which the compound
or composition is placed. Accordingly, as used herein, the structures disclosed herein envisage
that certain functional groups, such as, for example, OH, SH, or NH, may be protonated or
deprotonated. The disclosure herein is intended to cover the disclosed compounds and
compositions regardless of their state of protonation based on the environment (such as pH),

as would be readily understood by the person of ordinary skill in the art.

Unless otherwise defined, all technical and scientific terms used herein have the same meaning
as commonly understood by one of ordinary skill in the art. Although methods and materials
similar or equivalent to those described herein can be used in the practice or testing of the
present invention, suitable methods and materials are described below. All publications, patent
applications, patents, and other references mentioned herein are incorporated by reference in
their entirety. In case of conflict, the present specification, including definitions, will control.
In addition, the materials, methods, and examples are illustrative only and not intended to be

limiting.

Other objects, features, aspects, and advantages of the invention will be apparent from the

following detailed description, accompanying figures, and from the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGs. 1A to 1E represent the chemical duplex structure of AD04828 shown as a sodium salt.

FIGs. 2A to 2E represent the chemical duplex structure of AD04828 shown as a free acid.

FIGs. 3A to 3E represent the chemical duplex structure of AD04831 shown as a sodium salt.



10

15

20

25

30

WO 2018/132432 PCT/US2018/013102
28

FIG. 4A to 4E represent the chemical duplex structure of AD04831 shown as a free acid.

FIG. 5SA to SE represent the chemical duplex structure of AD04836 shown as a sodium salt.

FIG. 6A to 6E represent the chemical duplex structure of AD04836 shown as a free acid.

FIG. 7A to 7E represent the chemical duplex structure of AD04837 shown as a sodium salt.

FIG. 8A to 8E represent the chemical duplex structure of AD04837 shown as a free acid.

FIG. 9 is a bar graph showing average normalized cynomolgus monkey (cyno) AAT (cAAT)
serum levels in cynos (n=3) following a single subcutaneous administration of 3 mg/kg of
either AD04824, AD04825, AD04826, or AD04827, according to Example 4. AAT serum
levels were normalized to average pre-treatment values. Experimental error is shown as

standard deviation.

FIG. 10 is a bar graph showing average normalized cAAT serum levels in cynos (n=2 or n=3)
following a single subcutaneous administration of 3 mg/kg of either AD04828, AD04836,
ADO04831, or AD04837, according to Example 5. AAT serum levels were normalized to

average pre-treatment values. Experimental error is shown as standard deviation.

FIG. 11. is a bar graph showing the results of a western blot analysis of the soluble fractions
(Z-AAT monomer) from livers of PiZ mice dosed with either saline or NAG-conjugated AAT
RNAIi agent having the duplex structure AD04837, dosed for 8 weeks q2w, normalized to
baseline control, according to Example 7. Individual mouse measurements are shown grouped

by treatment group, and experimental error is shown as standard deviation.

FIG. 12. is a bar graph showing the results of a western blot analysis of the insoluble fractions
(Z-AAT polymer) from livers of PiZ mice dosed with either saline or NAG-conjugated AAT
RNAI agent having the duplex structure AD04837, according to Example 7. Individual mouse
measurements are shown grouped by treatment group, and experimental error is shown as

standard deviation.
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DETAILED DESCRIPTION

RNAi Agents

Described herein are RN A1 agents for inhibiting expression of an AAT gene (referred to herein
as AAT RNAI agents or AAT RNAI triggers). Each AAT RNAI agent comprises a sense strand
and an antisense strand. The sense strand and the antisense strand each can be 16 to 30
nucleotides in length. In some embodiments, the sense and antisense strands each can be 17 to
26 nucleotides in length. The sense and antisense strands can be either the same length or they
can be different lengths. In some embodiments, the sense and antisense strands are each
independently 17-21 nucleotides in length. In some embodiments, the sense and antisense
strands are each 21-26 nucleotides in length. In some embodiments, the sense and antisense
strands are each 21-24 nucleotides in length. In some embodiments, the sense strand is about
19 nucleotides in length while the antisense strand is about 21 nucleotides in length. In some
embodiments, the sense strand is about 21 nucleotides in length while the antisense strand is
about 23 nucleotides in length. In some embodiments, a sense strand is 23 nucleotides in length
and an antisense strand is 21 nucleotides in length. In some embodiments, both the sense and
antisense strands are each 21 nucleotides in length. In some embodiments, a sense strand is 22
nucleotides in length and an antisense strand is 21 nucleotides in length. In some embodiments,
a sense strand is 19 nucleotides in length and an antisense strand is 21 nucleotides in length.
In some embodiments, the RNA1 agent sense and antisense strands are each independently 17,
18, 19, 20, 21, 22, 23, 24, 25, or 26 nucleotides in length. In some embodiments, a double-
stranded RNAIi agent has a duplex length of about 16, 17, 18, 19, 20, 21, 22, 23 or 24

nucleotides.

In some embodiments, the region of perfect or substantial complementarity between the sense
strand and the antisense strand is 16-26 {e.g., 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, or 26)
nucleotides in length and occurs at or near the 5' end of the antisense strand (e.g., this region
may be separated from the 5” end of the antisense strand by 0, 1, 2, 3, or 4 nucleotides that are

not perfectly or substantially complementary).

The sense strand and antisense strand each contain a core stretch sequence that is 16 to 23
nucleobases in length. An antisense strand core stretch sequence is 100% (perfectly)
complementary or at least about 85% (substantially) complementary to a nucleotide sequence

(sometimes referred to, e.g., as a target sequence) present in the AAT mRNA target. A sense
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strand core stretch sequence is 100% (perfectly) complementary or at least about 85%
(substantially) complementary to a core stretch sequence in the antisense strand, and thus the
sense strand core stretch sequence is perfectly identical or at least about 85% identical to a
nucleotide sequence (target sequence) present in the AAT mRNA target. A sense strand core
stretch sequence can be the same length as a corresponding antisense core sequence or it can
be a different length. In some embodiments, the antisense strand core stretch sequence is 16,
17,18, 19, 20, 21, 22, or 23 nucleotides in length. In some embodiments, the sense strand core

stretch sequence is 16, 17, 18, 19, 20, 21, 22, or 23 nucleotides in length.

Examples of nucleotide sequences used in forming AAT RNAIi agents are provided in Tables
2,3, 4 and 5. Examples of AAT RNAI agent duplexes, that include the sense strand and

antisense strand sequences in Tables 2, 3, 4, and 5, are shown in Table 6.

The AAT RNAI agent sense and antisense strands anneal to form a duplex. A sense strand and
an antisense strand of an AAT RNAi agent may be partially, substantially, or fully
complementary to each other. Within the complementary duplex region, the sense strand core
stretch sequence is at least 85% complementary or 100% complementary to the antisense core
stretch sequence. In some embodiments, the sense strand core stretch sequence contains a
sequence of at least 16, at least 17, at least 18, at least 19, at least 20, at least 21, at least 22, or
at least 23 nucleotides that is at least 85% or 100% complementary to a corresponding 16, 17,
18,19, 20, 21, 22, or 23 nucleotide sequence of the antisense strand core stretch sequence (i.e.,
the sense and antisense core stretch sequences of an AAT RNAI agent have a region of at least
16, atleast 17, at least 18, at least 19, at least 20, at least 21, at least 22, or at least 23 nucleotides
that is at least 85% base paired or 100% base paired.)

In some embodiments, the antisense strand of an AAT RNAi agent disclosed herein differs by
0, 1, 2, or 3 nucleotides from any of the antisense strand sequences in Table 2, Table 3, or Table
4. In some embodiments, the sense strand of an AAT RNAi agent disclosed herein differs by

0, 1, 2, or 3 nucleotides from any of the sense strand sequences in Table 2, Table 3, or Table 5.

The sense strand and/or the antisense strand may optionally and independently contain an
additional 1, 2, 3, 4, 5, or 6 nucleotides (extension) at the 3’ end, the 5’ end, or both the 3’ and
5" ends of the core stretch sequences. The antisense strand additional nucleotides, if present,

may or may not be complementary to the corresponding sequence in an AAT mRNA. The
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sense strand additional nucleotides, if present, may or may not be identical to the corresponding
sequence in an AAT mRNA. The antisense strand additional nucleotides, if present, may or
may not be complementary to the corresponding sense strand’s additional nucleotides, if

present.

As used herein, an extension comprises 1, 2, 3, 4, 5, or 6 nucleotides at the 5' and/or 3' end of
the sense strand core stretch sequence and/or antisense strand core stretch sequence. The
extension nucleotides on a sense strand may or may not be complementary to nucleotides,
either core stretch sequence nucleotides or extension nucleotides, in the corresponding
antisense strand. Conversely, the extension nucleotides on an antisense strand may or may not
be complementary to nucleotides, either core stretch nucleotides or extension nucleotides, in
the corresponding sense strand. In some embodiments, both the sense strand and the antisense
strand of an RNAIi agent contain 3" and 5’ extensions. In some embodiments, one or more of
the 3' extension nucleotides of one strand base pairs with one or more 5' extension nucleotides
of the other strand. In other embodiments, one or more of 3’ extension nucleotides of one strand
do not base pair with one or more 5' extension nucleotides of the other strand. In some
embodiments, an AAT RNAI agent has an antisense strand having a 3’ extension and a sense

strand having a 5’ extension.

In some embodiments, an AAT RNAi agent comprises an antisense strand having a 3’ extension
of 1,2, 3,4, 5, or 6 nucleotides in length. In other embodiments, an AAT RNAi agent comprises
an antisense strand having a 3’ extension of 1, 2, or 3 nucleotides in length. In some
embodiments, one or more of the antisense strand extension nucleotides comprise uracil or
thymidine nucleotides or nucleotides that are complementary to the corresponding AAT
mRNA sequence. In some embodiments, a 3" antisense strand extension includes or consists of
one of the following sequences, but is not limited to: AUA, UGCUU, CUG, UG, UGCC,
CUGCC, CGU, CUU, UGCCUA, CUGCCU, UGCCU, UGAUU, GCCUAU, T, TT, U, UU
(each listed 5' = 3').

In some embodiments, the 3’ end of the antisense strand can include additional abasic residues
(Ab). An “abasic residue” or “abasic site” is a nucleotide or nucleoside that lacks a nucleobase
at the 1’ position of the sugar. In some embodiments, Ab or AbAb can be added to the 3’ end
of the antisense strand. In some embodiments, the abasic residue(s) can be added as inverted

abasic residues (invAb) (see Table 7). (See, e.g., F. Czaudemna, Nucleic Acids Res., 2003,
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31(11), 2705-16).

In some embodiments, an AAT RNAI agent comprises a sense strand having a 3’ extension of
1, 2, 3, 4, or 5 nucleotides in length. In some embodiments, one or more of the sense strand
extension nucleotides comprises adenosine, uracil, or thymidine nucleotides, AT dinucleotide,
or nucleotides that correspond to nucleotides in the AAT mRNA sequence. In some
embodiments, the 3’ sense strand extension includes or consists of one of the following

sequences, but is not limited to: T, UT, TT, UU, UUT, TTT, or TTTT (each listed 5' to 3').

In some embodiments, the 3’ end of the sense strand may include additional abasic residues.
In some embodiments, UUAb, UAb, or Ab are added to the 3’ end of the sense strand. In some
embodiments, the one or more abasic residues added to the 3' end of the sense strand are
inverted (invAb). In some embodiments, one or more inverted abasic residues or abasic sites
may be inserted between the targeting ligand and the nucleobase sequence of the sense strand
of the RNAI agent. In some embodiments, the inclusion of one or more inverted abasic residues
or abasic sites at or near the terminal end or terminal ends of the sense strand of an RN A1 agent

allows for enhanced activity or other desired properties of an RNAi agent.

In some embodiments, an AAT RNAI agent comprises a sense strand having a 5’ extension of
1,2, 3, 4, 5, or 6 nucleotides in length. In some embodiments, one or more of the sense strand
extension nucleotides comprise uracil or adenosine nucleotides or nucleotides that correspond
to nucleotides in the AAT mRNA sequence. In some embodiments, the sense strand 5'
extension is one of the following sequences, but is not limited to: CA, AUAGGC, AUAGG,
AUAG, AUA, A, AA, AC, GCA, GGCA, GGC, UAUCA, UAUC, UCA, UAU, U, UU (each

listed 5" to 3’). A sense strand can have a 3’ extension and/or a 5' extension.

In some embodiments, the 5’ end of the sense strand can include one or more additional abasic
residues (e.g., (Ab) or (AbAD)). In some embodiments, the one or more abasic residues added
to the 5' end of the sense strand can be inverted (e.g., invAb). In some embodiments, one or
more inverted abasic residues can be inserted between the targeting ligand and the nucleobase
sequence of the sense strand of the RNAi agent. In some embodiments, the inclusion of one or
more inverted abasic residues at or near the terminal end or terminal ends of the sense strand
of an RNAIi agent may allow for enhanced activity or other desired properties of an RNAi

agent. In some embodiments, an abasic (deoxyribose) residue can be replaced with a ribitol



10

15

20

25

30

WO 2018/132432 PCT/US2018/013102
33

(abasic ribose) residue.

In some embodiments, the 3’ end of the antisense strand core stretch sequence, or the 3’ end of

the antisense strand sequence, may include an inverted abasic residue (invAb (see Table 7)).

Examples of sequences used in forming AAT RNAi agents are provided in Tables 2, 3, 4, and
5. In some embodiments, an AAT RNAIi agent antisense strand includes a sequence of any of
the sequences in Tables 2, 3, or 4. In some embodiments, an AAT RNAI agent antisense strand
includes the sequence of nucleotides (from 5’ end > 3' end) 1-17, 2-15, 2-17, 1-18, 2-18, 1-19,
2-19, 1-20, 2-20, 1-21, 2-21, 1-22, 2-22, 1-23, 2-23, 1-24, or 2-24, of any of the sequences in
Table 2, Table 3, or Table 4. In certain embodiments, an AAT RNAi agent antisense strand
comprises or consists of a modified sequence of any one of the modified sequences in Table 4.
In some embodiments, an AAT RNAI agent sense strand includes the sequence of any of the
sequences in Tables 2, 3, or 5. In some embodiments, an AAT RNAIi agent sense strand
includes the sequence of nucleotides (from 5’ end - 3’ end) 1-18, 1-19, 1-20, 1-21, 1-22, 1-23,
1-24, 2-19, 2-20, 2-21, 2-22, 2-23, 2-24, 3-20, 3-21, 3-22, 3-23, 3-24, 4-21, 4-22, 4-23, 4-24,
5-22, 5-23, 5-24, 6-23, 6-24, 7-24, of any of the sequences in Tables 2, 3, or 5. In certain
embodiments, an AAT RNAi agent sense strand comprises or consists of a modified sequence

of any one of the modified sequences in Table 5.

In some embodiments, the sense and antisense strands of the RNAi agents described herein
contain the same number of nucleotides. In some embodiments, the sense and antisense strands
of the RNAI agents described herein contain different numbers of nucleotides. In some
embodiments, the sense strand 5’ end and the antisense strand 3’ end of an RNAi agent form a
blunt end. In some embodiments, the sense strand 3" end and the antisense strand 5’ end of an
RNAI agent form a blunt end. In some embodiments, both ends of an RNAi agent form blunt
ends. In some embodiments, neither end of an RNAi agent is blunt-ended. As used herein a
blunt end refers to an end of a double stranded RN Ai agent in which the terminal nucleotides

of the two annealed strands are complementary (form a complementary base-pair).

In some embodiments, the sense strand 5’ end and the antisense strand 3’ end of an RN Ai agent
form a frayed end. In some embodiments, the sense strand 3’ end and the antisense strand 5’
end of an RNAIi agent form a frayed end. In some embodiments, both ends of an RNAi agent

form a frayed end. In some embodiments, neither end of an RNAi agent is a frayed end. As
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used herein a frayed end refers to an end of a double stranded RN Ai agent in which the terminal
nucleotides of the two annealed strands from a pair (i.e., do not form an overhang) but are not
complementary (i.e. form a non-complementary pair). As used herein, an overhang is a stretch
of one or more unpaired nucleotides at the end of one strand of a double stranded RNAi agent.
The unpaired nucleotides may be on the sense strand or the antisense strand, creating either 3'
or 5' overhangs. In some embodiments, the RNAi agent contains: a blunt end and a frayed end,
a blunt end and 5' overhang end, a blunt end and a 3’ overhang end, a frayed end and a 5’
overhang end, a frayed end and a 3’ overhang end, two 5’ overhang ends, two 3’ overhang ends,

a 5" overhang end and a 3’ overhang end, two frayed ends, or two blunt ends.

Modified nucleotides, when used in various polynucleotide or oligonucleotide constructs, can
preserve activity of the compound in cells while at the same time increasing the serum stability
of these compounds, and can also minimize the possibility of activating interferon activity in

humans upon administering of the polynucleotide or oligonucleotide construct.

In some embodiments, an AAT RNAI agent is prepared or provided as a salt, mixed salt, or a
free-acid. In some embodiments, an AAT RNAI agent is prepared as a sodium salt. Such forms

are within the scope of the inventions disclosed herein.

Modified Nucleotides

In some embodiments, an AAT RNAI agent contains one or more modified nucleotides. As
used herein, a “modified nucleotide™ is a nucleotide other than a ribonucleotide (2'-hydroxyl
nucleotide). In some embodiments, at least 50% (e.g., at least 60%, at least 70%, at least 80%,
at least 90%, at least 95%, at least 97%, at least 98%, at least 99%, or 100%) of the nucleotides
are modified nucleotides. As used herein, modified nucleotides include, but are not limited to,
deoxyribonucleotides, nucleotide mimics, abasic nucleotides (represented herein as Ab), 2'-
modified nucleotides, 3' to 3' linkages (inverted) nucleotides (represented herein as invdN,
invN, invn), modified nucleobase-comprising nucleotides, bridged nucleotides, peptide nucleic
acids (PNAs), 2'.3’-seco nucleotide mimics (unlocked nucleobase analogues, represented
herein as Nuna or NUNA), locked nucleotides (represented herein as NLna or NLNA), 3'-O-
methoxy (2’ internucleoside linked) nucleotides (represented herein as 3'-OMen), 2'-F-Arabino
nucleotides (represented herein as NFANA or Nfana), 5'-Me, 2'-fluoro nucleotide (represented
herein as S5Me-Nf), morpholino nucleotides, vinyl phosphonate deoxyribonucleotides

(represented herein as vpdN), vinyl phosphonate containing nucleotides, and cyclopropyl
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phosphonate containing nucleotides (cPrpN). 2'-modified nucleotides (i.e. a nucleotide with a
group other than a hydroxyl group at the 2' position of the five-membered sugar ring) include,
but are not limited to, 2’-O-methyl nucleotides (represented herein as a lower case letter 'n' in
a nucleotide sequence), 2’-deoxy-2'-fluoro nucleotides (represented herein as Nf, also
represented herein as 2’-fluoro nucleotide), 2'-deoxy nucleotides (represented herein as dN),
2'-methoxyethyl (2'-O-2-methoxylethyl) nucleotides (represented herein as NM or 2'-MOE),
2'-amino nucleotides, and 2'-alkyl nucleotides. It is not necessary for all positions in a given
compound to be uniformly modified. Conversely, more than one modification can be
incorporated in a single AAT RNAIi agent or even in a single nucleotide thereof. The AAT
RNAI agent sense strands and antisense strands can be synthesized and/or modified by methods
known in the art. Modification at one nucleotide is independent of modification at another

nucleotide.

Modified nucleobases include synthetic and natural nucleobases, such as 5-substituted
pyrimidines, 6-azapyrimidines and N-2, N-6 and O-6 substituted purines, (e.g.,
2-aminopropyladenine, S-propynyluracil, or S-propynyleytosine), S-methylcytosine (5-me-C),
5-hydroxymethyl cytosine, inosine, xanthine, hypoxanthine, 2-aminoadenine, 6-alkyl (e.g., 6-
methyl, 6-ethyl, 6-isopropyl, or 6-n-butyl) derivatives of adenine and guanine, 2-alkyl (e.g., 2-
methyl, 2-ethyl, 2-isopropyvl, or 2-n-butyl) and other alkyl derivatives of adenine and guanine,
2-thiouracil, 2-thiothymune, 2-thiocytosine, S-halouracil, cytosine, S5-propynyl wuracil,
S-propynyl cytosine, 6-azo uracil, 6-azo cytosine, 6-azo thymine, S-uracil (pseudouracil),
4-thiouracil, 8-halo, 8-amino, 8-sulfhydryl, 8-thicalkyl, 8-hydroxyl and other 8-substituted
adenines and guanines, 5-halo (e.g., 5-bromo), 5-trifluoromethyl, and other S-substituted
uracils and cytosines, 7-methylguanine and 7-methyladenine, 8-azaguanine and 8-azaadenine,

7-deazaguanine, 7-deazaadenine, 3-deazaguanine, and 3-deazaadenine.

In some embodiments, all or substantially all of the nucleotides of an RNAi agent are modified
nucleotides. As used herein, an RN A1 agent wherein substantially all of the nucleotides present
are modified nucleotides is an RN Ai agent having four or fewer (i.e., 0, 1, 2, 3, or 4) nucleotides
in both the sense strand and the antisense sirand being ribonucleotides (i.e., unmodified). As
used herein, a sense strand wherein substantially all of the nucleotides present are modified
nucleotides is a sense strand having two or fewer (i.e., 0, 1, or 2) nucleoctides in the sense strand
being ribonucleotides. As used herein, an antisense sense strand wherein substantially all of the

nucleotides present are modified nucleotides is an antisense strand having two or fewer (i.e., 0,
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1, or 2) nucleotides in the sense strand being ribonucleotides. In some embodiments, one or

more nucleotides of an RN A1 agent is a ribonucleotide.

Modified Internucleoside Linkages

In some embodiments, one or more nucleotides of an AAT RNAIi agent are linked by non-
standard linkages or backbones (i.e., modified internucleoside linkages or modified
backbones). Modified internucleoside linkages or backbones include, but are not limited to,
5’-phosphorothioate groups (represented herein as a lower case “s”), chiral phosphorothioates,
thiophosphates, phosphorodithioates, phosphotriesters, aminoalkyl-phosphotriesters, alkyl
phosphonates (e.g., methyl phosphonates or 3’-alkylene phosphonates), chiral phosphonates,
phosphinates, phosphoramidates (eg., 3'-amino phosphoramidate,
aminoalkylphosphoramidates, or thionophosphoramidates), thionoalkyl-phosphonates,
thionoalkylphosphotriesters, morpholino linkages, boranophosphates having normal 3’-5'
linkages, 2'-5' linked analogs of boranophosphates, or boranophosphates having inverted
polarity wherein the adjacent pairs of nucleoside units are linked 3'-5" to 5'-3' or 2'-5' to 5'-2.
In some embodiments, a modified internucleoside linkage or backbone lacks a phosphorus
atom. Modified internucleoside linkages lacking a phosphorus atom include, but are not limited
to, short chain alkyl or cycloalkyl inter-sugar linkages, mixed heteroatom and alkyl or
cycloalkyl inter-sugar linkages, or one or more short chain heteroatomic or heterocyclic inter-
sugar linkages. In some embodiments, modified internucleoside backbones include, but are not
limited to, siloxane backbones, sulfide backbones, sulfoxide backbones, sulfone backbones,
formacetyl and thioformacetyl backbones, methylene formacetyl and thioformacetyl
backbones, alkene-containing backbones, sulfamate backbones, methyleneimino and
methylenehydrazino backbones, sulfonate and sulfonamide backbones, amide backbones, and

other backbones having mixed N, O, S, and CH> components.

In some embodiments, a sense strand of an AAT RNAIi agent can contain 1, 2, 3, 4, 5, or 6
phosphorothioate linkages, an antisense strand of an AAT RNAi agent can contain 1, 2, 3, 4,
5, or 6 phosphorothioate linkages, or both the sense strand and the antisense strand
independently can contain 1, 2, 3, 4, 5, or 6 phosphorothioate linkages. In some embodiments,
a sense strand of an AAT RNAIi agent can contain 1, 2, 3, or 4 phosphorothioate linkages, an
antisense strand of an AAT RNAI agent can contain 1, 2, 3, or 4 phosphorothioate linkages, or
both the sense strand and the antisense strand independently can contain 1, 2, 3, or 4

phosphorothioate linkages.
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In some embodiments, an AAT RNAIi agent sense strand contains at least two phosphorothioate
internucleoside linkages. In some embodiments, the at least two phosphorothioate
internucleoside linkages are between the nucleotides at positions 1-3 from the 3’ end of the
sense strand. In some embodiments, the at least two phosphorothioate internucleoside linkages
are between the nucleotides at positions 1-3, 2-4, 3-5, 4-6, 4-5, or 6-8 from the 5' end of the
sense strand. In some embodiments, an AAT RNAi agent antisense strand contains four
phosphorothioate internucleoside linkages. In some embodiments, the four phosphorothioate
internucleoside linkages are between the nucleotides at positions 1-3 from the 5’ end of the
antisense strand and between the nucleotides at positions 19-21, 20-22, 21-23, 22-24, 23-25, or
24-26 from the 5' end. In some embodiments, an AAT RNAIi agent contains at least two
phosphorothioate internucleoside linkages in the sense strand and three or four

phosphorothioate internucleoside linkages in the antisense strand.

In some embodiments, an AAT RNAI agent contains one or more modified nucleotides and
one or more modified internucleoside linkages. In some embodiments, a 2'-modified

nucleoside is combined with modified internucleoside linkage.

AAT RNAI Agents

In some embodiments, the AAT RNAIi agents disclosed herein target an AAT gene at or near
the positions of the AAT genome shown in Table 1. In some embodiments, the antisense strand
of an AAT RNAi agent disclosed herein includes a core stretch sequence that is fully,
substantially, or at least partially complementary to a target AAT 19-mer sequence disclosed

in Table 1.

Table 1. AAT 19-mer mRNA Target Sequences (taken from human AAT cDNA, GenBank
NM _000295.4 (SEQ ID NO:1))

Corresponding
AAT 19-mer Genome Position
SEQ ID NO: Target Sequences (taken from SEQ ID
(5'— 3" NO: 1)
2 CGUUUAGGCAUGUUUAACA 1000-1018
3 AACAGCACCAAUAUCUUCU 469-487
4 AUAUCAUCACCAAGUUCCU 1142-1160
5 AGAUGCUGCCCAGAAGACA 348-366
6 CUGGCACACCAGUCCAACA 454-472
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Corresponding
AAT 19-mer Genome Position
SEQID NO: Target Sequences (taken from SEQ ID
5'— 3" NO: 1)
7 UGGCACACCAGUCCAACAG 455-473
8 GCACACCAGUCCAACAGCA 457-475
9 CAGUCCAACAGCACCAAUA 463-481
10 AGUCCAACAGCACCAAUAU 464-482
11 GUCCAACAGCACCAAUAUC 465-483
12 CCAACAGCACCAAUAUCUU 467-485
13 CCCCAGUGAGCAUCGCUAC 491-509
14 GAGCAUCGCUACAGCCUUU 498-516
15 GCAUCGCUACAGCCUUUGC 500-518
16 CAUCGCUACAGCCUUUGCA 501-519
17 UCGCUACAGCCUUUGCAAU 503-521
18 CUACAGCCUUUGCAAUGCU 506-524
19 ACAGCCUUUGCAAUGCUCU 508-526
20 GAAGGCUUCCAGGAACUCC 613-631
21 UAGUGGAUAAGUUUUUGGA 710-728
22 UGUACCACUCAGAAGCCUU 743-761
23 GUACCACUCAGAAGCCUUC 744-762
24 ACACCGAAGAGGCCAAGAA 779-797
25 ACCGAAGAGGCCAAGAAAC 781-799
26 AGGCCAAGAAACAGAUCAA 788-806
27 GGCCAAGAAACAGAUCAAC 789-807
28 GCCAAGAAACAGAUCAACG 790-808
29 UACUCAAGGGAAAAUUGUG 825-843
30 CUCAAGGGAAAAUUGUGGA 827-845
31 UCAAGGGAAAAUUGUGGAU 828-846
32 UUGGUCAAGGAGCUUGACA 847-865
33 AGGAGCUUGACAGAGACAC 854-872
34 AGCUUGACAGAGACACAGU 857-875
35 UUUGCUCUGGUGAAUUACA 877-895
36 AGCGUUUAGGCAUGUUUAA 998-1016
37 GCGUUUAGGCAUGUUUAAC 999-1017
38 UUAGGCAUGUUUAACAUCC 1003-1021
39 UGGGUGCUGCUGAUGAAAU 1045-1063
40 UGCCACCGCCAUCUUCUUC 1074-1092
41 CCUGGAAAAUGAACUCACC 1119-1137
42 CGAUAUCAUCACCAAGUUC 1140-1158
43 ACCAAGUUCCUGGAAAAUG 1150-1168
44 UCCAUUACUGGAACCUAUG 1207-1225
45 CCAUUACUGGAACCUAUGA 1208-1226
46 ACUGGAACCUAUGAUCUGA 1213-1231
47 GGAACCUAUGAUCUGAAGA 1216-1234
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Corresponding
AAT 19-mer Genome Position
SEQID NO: Target Sequences (taken from SEQ ID
5'— 3" NO: 1)
48 GAACCUAUGAUCUGAAGAG 1217-1235
49 CAGCAAUGGGGCUGACCUC 1269-1287
50 GCAAUGGGGCUGACCUCUC 1271-1289
51 AGAGGAGGCACCCCUGAAG 1299-1317
52 AGGCACCCCUGAAGCUCUC 1304-1322
53 UCUCCAAGGCCGUGCAUAA 1319-1337
54 UCCAAGGCCGUGCAUAAGG 1321-1339
55 CCAAGGCCGUGCAUAAGGC 1322-1340
56 CAAGGCCGUGCAUAAGGCU 1323-1341
57 AAGGCUGUGCUGACCAUCG 1336-1354
58 GGCUGUGCUGACCAUCGAC 1338-1356
59 CUGCUGGGGCCAUGUUUUU 1373-1391
60 GCUGGGGCCAUGUUUUUAG 1375-1393
61 CUGGGGCCAUGUUUUUAGA 1376-1394
62 GGGGCCAUGUUUUUAGAGG 1378-1396
63 GGGCCAUGUUUUUAGAGGC 1379-1397
64 GAGGCCAUACCCAUGUCUA 1393-1411
65 GGCCAUACCCAUGUCUAUC 1395-1413
66 CCCGAGGUCAAGUUCAACA 1417-1435
67 AGGUCAAGUUCAACAAACC 1421-1439
68 CAAGUUCAACAAACCCUUU 1425-1443
69 AGUUCAACAAACCCUUUGU 1427-1445
70 GUUCAACAAACCCUUUGUC 1428-1446
71 UCAACAAACCCUUUGUCUU 1430-1448
72 ACCCUUUGUCUUCUUAAUG 1437-1455
73 CCUUUGUCUUCUUAAUGAU 1439-1457
74 UACCAAGUCUCCCCUCUUC 1467-1485
75 AAGUCUCCCCUCUUCAUGG 1471-1489
76 AGUCUCCCCUCUUCAUGGG 1472-1490
77 UCUCCCCUCUUCAUGGGAA 1474-1492
78 CUCCCCUCUUCAUGGGAAA 1475-1493
79 AUGACAUUAAAGAAGGGUU 1569-1587

In some embodiments, an AAT RNAI1 agent includes an antisense strand wherein position 19

of the antisense strand (5’ = 3') is capable of forming a base pair with position 1 of a 19-mer

target sequence disclosed in Table 1. In some embodiments, an AAT RNAIi agent includes an

antisense strand wherein position 1 of the antisense strand (5’ -» 3') is capable of forming a

base pair with position 19 of the 19-mer target sequence disclosed in Table 1.
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In some embodiments, an AAT RNA1 agent includes an antisense strand wherein position 2 of
the antisense strand (5' = 3') is capable of forming a base pair with position 18 of the 19-mer
target sequence disclosed in Table 1. In some embodiments, an AAT RNA1 agent includes an
antisense strand wherein positions 2 through 18 of the antisense strand (5’ = 3') are capable of
forming base pairs with each of the respective complementary bases located at positions 18

through 2 of the 19-mer target sequence disclosed in Table 1.

For the RNAI agents disclosed herein, the nucleotide at position 1 of the antisense strand (from
5" end = 3' end) can be perfectly complementary to the AAT gene, or can be non-
complementary to the AAT gene. In some embodiments, the nucleotide at position 1 of the
antisense strand (from 5’ end = 3'end) isa U, A, or dT. In some embodiments, the nucleotide
at position 1 of the antisense strand (from 5’ end > 3’ end) forms an A:U or U:A base pair with

the sense strand.

In some embodiments, an AAT RNAIi agent antisense strand comprises the sequence of
nucleotides (from 5’ end = 3' end) 2-18 or 2-19 of any of the antisense strand sequences in
Table 2, Table 3, or Table 4. In some embodiments, an AAT RNAi sense strand comprises the
sequence of nucleotides (from 5’ end = 3’ end) 1-17, 1-18, or 2-18 of any of the sense strand

sequences in Table 2, Table 3, or Table 5.

In some embodiments, an AAT RNAI agent is comprised of (i) an antisense strand comprising
the sequence of nucleotides (from 5’ end - 3’ end) 2-18 or 2-19 of any of the antisense strand
sequences in Table 2, Table 3, or Table 4, and (i1) a sense strand comprising the sequence of
nucleotides (from 5" end = 3' end) 1-17 or 1-18 of any of the sense strand sequences in Table

2, Table 3, or Table 5.

In some embodiments, the AAT RNA1 agents include core 19-mer nucleotide sequences shown

in the following Table 2.
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SLY-LSY YIOVIVVIINOVIIVIVID 4S% 2HNOHNOHOHNIVHONNDNION SOT
€LY-SSH NVIVVIINOVIIVIVIODON €St NDODHNOHNOHOHNIVHONNONN v01
€LY-SSH NVIVVIINOVIIVIVIODDN 4S% YI0DNDHNOHODNIVOHONNDNN €01
€LY-SSH NVIVVIINOHVIIVIVIODDHN ISt YI0DNHNOHOHNOVHONNDNY 701
€LY-SSH YVIVVIINDVIIVIVIODON 0st Y20DNHNHOHNOVHONNDNN 101
€LY-SSH DVIVVIONDHVIIVIVIDON 6t YI2ONHNHOHNOVHOHNNDND 001
TLYSY NOVVIINDOVIIVIVIODNN 8t NVDIIDNHNOHONIVOHONNON 66
TLYSY NOVVIINOVIIVIVIOOHND Lyt DVIIHNOHNHODNIVOHONNON 86
TLYSY NOVVIINODHVIIVIVIODOHND 9t DVIDIHNOHNOHOHNIVOHONNDY L6
TLYSY YIOVVIINOHVIIVIVIODOND St DVIDHNOHNDHDHNDVHONNON 96
99¢-8t¢ NOVOVVOHVIIIDNIODNVON vt NDONVIDVIOHHOHNDNNINON 6
99¢-8t¢ NOVOVVOHYIIIDNIDNVOHY 9% NONVIDVIOHDHOHNDNNINON 6
99¢-8t¢ NOVOHVVOHYIIIDNIDNVOHY (Auy NONVIODVIHHOHNINNINOV €6
99¢-8t¢ YOVOVVOHVIIIDNIDNVOHY It NONVIOHVIHHOHNDINNINON 26
0911-ZH11 NODONNOVVIIVINVINVIN ot NVNVONVYONOONNIVVOON 16
0911-ZH11 NODONNOVVIIVINVYINVNY 6€t NvNvVOHNVYHNHOHNNIVVOHON 06
0911-ZH11 YOONNOVVIIVINVYINVNY g€t nvNvoHNvoHnononnovvoonn 68
0911-ZH11 NODNNOVVYIIVINVYINVNV LEY NVNVOHNYOHNOHOHNNIVYDHOV 88
L8Y-69F NONNDNVAVVIIVIOVIVN 9¢t NNOHNOHNOHOHNNVAVOVYON L8
L8Y-69F NONNDNVNAVVIIVIOVIVY Sev NNOHNOHNOHHNNVAVOVYON 98
L8Y-69F VONNINVNAVVIIVIOVIVY 434 NnNOHNOHNOHOHNNVNVOVYDHN S8
L8Y-69F NONNDNVNAVVIIVIOVIVY €et NnNOHNOHNODHNNVIVOVYVOHY 8
810T-0001 NOVVNNNDNVIDOVNINNON 43% NOVVVNAIIDNVIVVVNINON €8
810T-0001 NOVVNNNOHNVIDOVNNNDD 3% DIOVVVNIIDNVIVVVNINON 78
810T-0001 NOVVNNNHNVIDOHVNNNDD 0t DIOVVVNIIDNVIVVVNINODY I8
8101-0001 VOVVNINNDNVIODOVNINNDD 6Tt DIOVVVNIIDNVIVVVNINON 08
(s.1ow-g 1) (sRu-gY)
I :ON dI O3S (€< .9 :ON dI O3S (€9 :ON dI O3S
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916-861 NNNDIOHVIVNIOINVIOVD 8% DNDOHNVOHIOHVNDNIDOVVN €€l
916-861 VNNDDDHVIVNIDINVIOVD 18% DNDOHNVHIOHVNDHNIDOHVVN €1
916-861 NNNADIOHVIVNIOINVIOVD 08t DNDOHNVHIOHVNDNIDOVVY I€1
60$-16% NVNADDINVIOVOHNOVIIOIN 6LY NDDHDHNDVINIDNVOHIDVAN 0€1
60$-16% NVNIDINVIOVDHNOVIIID 8Ly HHOHONIVINIONVOHIOVIN 671
60$-16% NVNIHINVIOVOHNOVIIID LLY DHHOHOHNIVINIONVDIOVNV 8T1
60$-16% VVADOINVIOVOHNOVIIID 9LY DHHOHOHNIVINIONVYDIOHVNIN LT1
60$-16% JVNDDINVIOVOHNOVIIID SLY DHHOHONIVINIONVHIOVNID 921
S8P-L9¥ NNDONVAVVIIVIDVIVVIN vLY NDNNOHNIHNHONNVAVOVN STl
S8P-L9¥ NNDNVNAVVIIVIOVIVVID €LY DHHNNDNIDNOHNNVNIVOVN vZ1
S8P-L9¥ VADNVAVVIIVIDVIVVID LY DHNNDNIDNOODNNVNIVOVA €Tl
S8P-L9¥ NNDNVNVVIIVIOVIVVID 1LY DHHNNDHNIDNOHONNVNVOVY 44\
€87-S9% NNAVAVVIIVIDVIVVIINN OLY NVDHNNDHNIDNOODNNVNVN 121
€87-S9% NNAVAVVIIVIDVIVVIIND 69% 2VHHNNOHNDOHNHONNVNVN 0z1
€87-S9% NNVAVVIIVIDVIVVIIND 89t JVHHNNDHNIDNOHONNVNIVY 611
€87-S9% VAVAVVIIVIDVIVVIOIND L9V JVHHNNDHNIDHNHOHNNVNVN 811
€87-S9% DNVAVVIIVIOVIVVIOIND 99¢ JVHHNNDHNDOHNHOHNNVNIVD LT1
8V-v9t NVAVVIIVIDVIVVIINON S9¥ NOVDHNNOHNDIHNHONNVAN 911
8V-v9t NVAVVIIVIDVIVVIOINOVY 9t NOVHHNNOHNDHNHOHNNVAN SIT
8V-v9t VVAVVIIVIOVIVVIINOVY €9% NnovoHnNNOHNDHNHOHNNVNN an
8V-v9t NVAVVIIVIDVIVVIINOVY 9% NovHOHNNOHNDHNHOHNNVNV €Il
187-€9% NNVVIIVIOVIVVIINDOVN 19% NNOVOHOHNNOHNIHNHONNVN Z11
187-€9% NNAVVIIVIOVIVVIINDVD 09t DNDVHOHNNDHNDIONDDHNNVN 111
187-€9% NNVVIIVIOVIVVIINDVD 6St DADVHOHNNDNIDNODODNNVY 011
187-€9% VAVVIIVIDVIVVIINOVD 8StH DADVHONNDHNIDNODONNVN 601
SLY-LSY NODVIVVIINOVIIVIVION LSt NONHNHONIVHONNDNION 801
SLY-LSY NODVIVVIINOHVIIVIVID 9t 2DHNHNHONDVOHOHNNDNION LOT
SLY-LSY NIHVIVVIINODVIIVIVID SSP 2HNHNHOHNIVHONNDHNIOY 901
(s.RuI-g1) (s.Rw-g1)
I :ON dI O3S (€9 :ON a1 O3S (€9 :ON dI O3S
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8TL-01L YDDHNNNNNOVYVNIVOONDVN 01S VADVIINVNNIVVVVVIOIN 191
1€9-€19 NDNDVVOHOVIINNIODOVYN 60S NNNDIOHVVOHOHNIINNDVON 091
1€9-€19 NDNDVVOHOVIINNIDOVVYD 806 DNNDIDHVVOHONIINNOVON 651
1€9-€19 NJNDVVOHOVIINNIDOVVYD LOS DNNDIDHVVOHOHNIINNOVOHY 8S1
1€9-€19 VINIVVDHOHVIINNIHDOVVD 90$ 2NNDIHVYVOHOHNIINNOVOHN LST
1€9-€19 DONOVVHOHVIINNIHDOHVVD S0S 2NNDIHVVHONIINNOVHD 961
97$-80S NONDHNVVIDNNNIIDVIN £0S NDHADHOVVVIONNVIOVON SS1
97$-80S NDNIHNVVIDNNNIIDVIV €0S NDHADHOVVVIONNVIOVON ¥S1
97$-80S VONIHNVVIDNNNDIIDVIV 708 NOHADHOVVVYIONNVIOVDN €1
97$-80S NdNIHNVVIDNNNIIDVIV 10S NOHADHOVVVIONNVIOVOHY ZS1
+7$-90S NIDNVVIDNNNDIIDVIVIN 00S NVNHNDODOHVVVIONNVION IS1
+7$-90S NIDOHNVVIDNNNIIOVIVID 661 DYNDHNIDOHVVVIONNVION 0S1
+7$-90S VODNVVIDNNNIIDVIVND 861 HYNHNIHOVYVVIDNNVION 6v1
+7$-90S NIHNVVIDNNNIIOVIVID L6V DHYNDHNIHOHVVVIDNNVIOV 8h1
12$-€0S NVVIONNNIIDVIVNIOIN 96t NDIDHVNOHNIDOVVVIONNN L¥1
12$-€0S NVVIONNNIIDVIVNIDIN S6¥ VDIOHVNHNIDOHVVVIONNN 91
12$-€0S VVVIDHNNNDIDVIVNIDIN 24 VDIOHVNHNIHOHVVVIODNNN Sh1
12$-€0S NVVIOHNNNIIDVIVNIDIN €6¥ VDIOHVNOHNINOHVVVIDNNY %dl
615-10S NODNNNIIOVIVNIOINVN 6v NNVOHIOVNDHNIODOVVVION ehl
615-10S NODNNNIIOVIVNIOINVN 16% DAVHIHVNDNIDOVVVION i
615-10S NXHNNNIIOHVIVAIODINVD 06t DAVHIOHVNDHNIDOHVVVIOV 1
615-10S VODONNNDIDVIVNIDINVYD 68% DAVHIHVNDHNIDOHVVVION ov1
815-00S NDNNNDIDOVIVNIDINVIN 88t NDOAVOHIOHVNDHNIHDDHVVVIN 6€1
815-00S NDNNNDIDOVIVNIDINVID L8V DHNVHIOHVNDNIDOVVVIN 8¢l
815-00S NOHNNNDIDVIVNIDINVID 98t DHNVHIHVNDNIDOVVVIV LET
815-00S VHNNNIIOVIVAIOINVID S8Y DHNVHIHVNDHNIDOVVYIN 9¢1
815-00S 2DNNNIIOVIVAIOINVID 8t DHNVHIHVNOHNIDOVVVID el
916-861 NNNDIOVIVNIIOINVIOVN €8% NNDIDONVOHIDHVNDHNDIDOVVYN vEl
(s.RuI-g1) (s.Rw-g1)
I :ON dI O3S (€9 :ON a1 O3S (€9 :ON dI O3S
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LOS-68L NVVINVODVIVVVOVVIIODD 8¢¢ 20HDHNNONNNODNINVOHNNY 681
LOS-68L VVVINVOVIVVVOVVIIDD LES 20HHNNONNNODNDNVOHNNN 881
LOS-68L DVVINVOHVIVVVDHVVIIDD 9¢¢ D0HHNNIONNNODNINVYOHNND L81
908-88L NVINVOVIVVVOVVIIDON €6 ND2HHNNDNNNDNINVONN 981
908-88L NVINVOVIVVVOVVIIODOHV 1438 Nn2255N1NDNNNONDNVONN 81
908-88L NVINVOHVIVVVDHVVIIODOHVY €€¢ Nno2HHNNONNNODNADINVONY 81
908-88L VVINVOVIVVVDVVIIDOV 43S Nno2HHNNONNNODNDINVOHNN €81
66L-18L NVVVOVVIIDOVOHVVDIOIN 1€S NDDHINNDNIDOOHNNINNNN 781
66L-18L NVVVOVVIIDOVHVVDIIV 0€S NOHOHONNDNIDOOHANINNNN 181
66L-18L NVVVOVVIIDOHVHVVDIIV 6TS NnHOHONNDNIDOHHNNINNNY 081
66L-18L VVVVDVVIIDOVOHVVDIIV TS NnoHoHdNNONINHHNNINNNN 6L1
66L-18L DVVVDVVIIDOHVOHVVDIIV LTS NnoHoHdNNONIDHOHNNINNND 8L1
L6L-6LL NVDVVIIDOVOVVDIIVIN 9§ NONHHDINNDNIDHOHNNINN LLT
L6L-6LL NVDVVIIDOVOHVVDIIVIV Y43 NOHNHHONNDNIDHOHNNINN 9L1
L6L-6LL NVOVVIIDOHVOHVVDIIVIV vTS NnHNHHDNNDNIIHOHNNINY SLI
L6L-6LL VVDVVIIDOVOVVDIIVIV €76 NnHNHHDNNDNIIHOHNNIDNN vL1
T9LYPL NNNDIOHVVOVINIVIIVAN (44s NVNHOHNHVOHNINNIDDOVVN €L1
T9LYPL NNNDIOHVVOHVINIVIOIVND K4S JVNHOHNOHVOHNINNIDOVYN TL1
T9LYPL NNNADIHVVOHVINIVIIVND 0zs JVNHOHNOHVOHNINNIDOVVY IL1
T9LYPL VNNIIDVVOHVINIVIIVNID 61S JVNHHNHVOHNINNIODOVVN 0L1
T9LYPL DNNDIDHVVOHYINIVIIVNID 816 JVNHOHNOHVOHNINNIDOVVYD 691
19L-€¥L NNDIOVVHVINIVIIVNON LIS NOVNDOHNOHVHNINNIDOVN 891
19L-€¥L NNDIOVVHVINIVIIVNDN 91§ VOVNOOHNOHVHNINNIDDVN L91
19L-€¥L VNIIOVVHVINIVIOIVNIDN SIS VOVNOHNOHVDHNINNIDHOHVN 991
19L-€¥L NNDIOHVVHVINIVIIVNDN ians VOVNOHNOHVDHNINNIDOVY 91
8TL-01L NODONNNNNOVVAVOONOVN €1¢ NNDVIINVNNIVVVVVION 91
8TL-01L NDOHNNNNNOVVNIVDONOVN 41s VADVIINVNNIVVVVVION €91
8TL-01L NHOHNNNNNOVVNIVHOHNOVN 11s VADVIINVNNIVVVVVIIV 791
(s.RuI-g1) (s.Rw-g1)
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TL8S8 NVIVOVDHVIVONNIOVOHOV 99¢ NJ2N2DVVINOHNININDNN L1T
TL8S8 NVIVHVOHVIVONNIOVOHOV $96 NX2N2DHVVINOHNININDNV 91T
TL8S8 VVIOVOVOVIVONNIOVDHOV £9¢ NnX2N25VVvINOHNININDHNN SIT
TL8S8 DVIOVOHVYOHVIVONNIOHVDHOV €96 NnX2NXHVVINOHNININDND v1T
$98-Lt8 NOVDHNNIOHVOHOVYVINDONN 79¢ VVIIVDOHNNIINIOVVINON €1¢
$98-Lt8 VOVDNNIDOVOHOVVINDDNN 19¢ VVIIVDOHNNIINIOVVINON z1T
$98-Lt8 NOVHNNIOHVHOVYINDHOHNN 09$ VVIIVDNNIINIOVVINOV 112
$98-Lt8 VOVDNNDIOVHOVYINDDNN 6SS VVIIVDNNIDNIOVYINODHN 01T
9t8-878 NVOHNDHNNVVVVODOVVIN 866 NDNNDIINNNNVVIVIINN 60T
9t8-878 NVDHNDHNNVVVVDHDHOVYIN LSS VDHNNIIINNNNVVIVIINN 80C
9t8-878 VVODNDNNVVVVDOOVVYIN 966 vHNNDIINNNNVVIVIINN LOT
9t8-878 NVHHNHNNVVVVHDHOVYIN SS¢ VHNNDIINNNNVVIVIINY 90T
SH8-LT8 NDONHNNVVVVODOVVINN 1498 NVDNNIIDINNNNVVIVIOIN S0T
SH8-LT8 NDDONHNNVVVVOHODVVIND €66 DHYDHNNIIINNNNVVIVION 0T
SH8-LT8 NOHOHNAHNNVVVVOHODVVIND 498 DYDHNNIIONNNNVVIVIIV €0¢
SH8-LT8 VOOHNHNNVVVVDDOVVIND Iss DHYDHNNIIONNNNVVIVIIN 70T
€+8-678 NNONNVVVVOHOOVVINIVN 0SS NNOVHNNIIDINNNNVVIVN 102
€+8-678 NNONNVVVVHOOVVINIVA 6tS VNOVOHNNIIINNNNVVIVN 00T
€+8-678 NNONNVVVVHOHOVVINIVN 8t VNOVHNNIIINNNNVVIVY 661
€+8-678 VNDNNVVVVDDOVVINIVN LYS VNOVDHNNIIINNNNVVIVA 861
€+8-678 DADNNVVVVDHOHOVVINIVN 9ts VNOVOHNNIIINNNNVVIVD L61
808-06L NOVVINVOVIVVVOVVION S %S NDDHNNDNNNDNINVONNON 961
808-06L NOVVINVOVIVVVDVVIID rrs 2DHDHNNDNNNDONINVONNON S61
808-06L NIVVINVHVIVVVOHVVIID 94 2HHNNDNNNDNINVONNDY v61
808-06L VOVVINVOVIVVVOHVVIID s 2HDHNNONNNONDNVOHNNDN €61
808-06L DIOVVINVOHVIVVVOVVIID s 2HDHNNONNNOHNDINVOHNNDD 761
LOS-68L NVVINVOVIVVVOVVIION oS NDJHDHNNDNNNONINVONNN 161
L0OS-68L NVVINVOVIVVVOVVIIDD 6€S 20HHNNDNNNODNINVONNN 061
(s.RuI-g1) (s.Rw-g1)
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T601-vL01T 2NN2NNDNVIIDIIVIIODN r6S VIDOHNHHINHNVHVVOHVVYD SHT
€901-SH01 NVVVDHNIVDHNIDNIDNDHOON €66 NDIDIVIOVIOVINVINNNN T
€901-SH01 NVVVDHNIVDHNIDNIDNDHOODN 76$ VIDIIVIDVIODVINVINNNN €9
€901-SH01 VVVVDNVHNIOHNIOHNHOHON 16S VIDIVIHVIDVINYINNNN T
€901-SH01 NVVVHNVDHNIDHNIDNDHOOHN 06S VIIIVIDHVIDVINVINNNY 1T
1Z01-€001 NIONVIVVNNNONVIOOVIN 68S NVNDIDNVIVVVNINODNVON 0T
1Z01-€001 NONVIVVNNNONVIODOHVNIN 886 VVNADIDNVIVVVINDNVON 6€T
1Z01-€001 NONVIVVNNNONVIODOHVNIN L8S VVADIDNVIVVVNINDNVOV 8€T
1Z01-€001 VONVIOVVNNNONVIOOVNN 98¢ VVADIDNVIVYVVINDNVDN LET
1Z01-€001 DONVIVVNNNOHNVIODOVNN 8¢ VVADIDNVIVVVINONVDD 9¢€T
L10T-666 NVVNNNDNVIDOVNINNDIN 8S NDOVVVNIIDNVIVVVNININ S€T
L10T-666 NVVNNNDNVIDOVNINNDID €86 DDOVVVNIIDNVIVVVINN v€T
L10T-666 NVVNNNHNVIDOHVNINNDID 78S DDOVVVNIIIDNVIVVVINY €€T
L10T-666 VVVNINNDHNAVIDOHVNINNDID 18S DDOVVVNIIDNVIVYVNINN 434
L10T-666 JVVNNNDNVIODOVNINNDID 08S DDOVVVNIIONVIVVVIND 1€2
9101-866 NVNNNDHNVIDDOVNINNDION 6LS NIDIOVVVNIIONVIVVVIN 0€T
9101-866 NVNNNHNVIDOHVNINNDIOV 8LS NIHIVVVNIIONVIVVVIN 67T
9101-866 NvVNNNHNVIDOHVNINNDIODV LLS NIHIVVVNIIONVIVVVNV 87T
9101-866 VVNNNOHNVIODOVNNNDIOY 9LS NIHIVVVNIIONVIVVVNIN LTT
S68-LLS NOVNNVVHNHOHNINIONNN LS NVVIOVOHVIIVINNVVNION 9T
S68-LLS NOVNNVVHNHODHNINIOHNNN vLS VVVIDVOHVIIVINNVVION STT
S68-LLS NOvVNNvVvOHNHHNINIHNNN €LS VVVIDVOVIIVINNVVNOV vTT
S68-LLS VOVNNVVDHNHDHNINIODHNNN TLS VVVIDVOHVIIVINNVVNODN €TT
SL8-LS8 NDVIVIVOVOVIVONNION LS NJDOVVINDHNININOHNDNIN T
SL8-LS8 NDVIVIVOVOHVIVOHNNIOV 0LS NJHVVINDHNININHNDNIN 122
SL8-LS8 VOVIVIVOVOHVIVOHNNIOV 69$ NnXHVvINHNINIOINHNDHNIN 0TT
SL8-LS8 NOVIVIVOHVOHVYIVOHNNIOV 896 NJHVVINHNININHNDNDV 61T
TL8S8 NVIVOVOHVIVONNIOVOON L9S NDDNDOHVVINOHNININDNN 81C
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9ZT1-80T1 NDNAVAIIVVOHOHNIVANVIN 779 NDOAVVADVIINNDDVNVIN €LT
9ZT1-80T1 NONVNADIIVVOONIVNINVID 179 DOHNVVNOVIINNDOVAVIN LT
9ZT1-80T1 NONVAIIVVOHONIVNINVID 079 DOHNVVNOVIINNDOVNIVIV 1LT
9ZT1-80T1 VOAVNIIVVOHONIVANVID 619 DOHNVVNOHVIINNDOVAVIN 0LT
STTI-LOTI NNAVNDIIVVOHONIVNNVION 819 NDONVVNOHVIINNDOVNVN 69T
STTI-LOTI NNVNDIVVDHOHNIVNINVION L19 VOOHNVVNOVIINNDOVAVN 897
STTI-LOTI NNVNDIVVHOHNDIVNINVYION 919 VOONVVNOVIINNDOVAVY L9T
STTI-LOTI VNAVNIIVVOHHNIVNINVYIIN S19 VOOHNVVNOVIOINNDOHVAVN 99T
STTI-LOTI DAVNIIVVOHOHNIVANVYIIN 19 VOOHNVVNOVIINNDOVAVD $9T
89T1-0ST1 NNVVVVDDONIINNDVVION €19 NDDNNDVVOHOVIINNNNVN 9T
89T1-0ST1 NNVVVVDDHNIINNDVVIIV Z19 NOHOHNNDVVOHOVIINNNNVN €9¢
89T1-0ST1 NNVVVVDHOHNIINNDVVIIV 119 NOHOHNNDVVOHOVIINNNNVY 79T
89T1-0ST1 VAVVVVDONIINNDVVIIV 019 NOHOHNNDVVHOVIINNNNVN 192
89T1-0ST1 DAVVVVDHOHNIINNOVV IOV 609 NOHOHNNDVVOHOVIINNNNVD 09T
8STI-0t11 NNNOVVIIVINVINVNIVON 809 NONVNVONVHNDONNIVVN 65T
8STI-0t11 NNNOVVIOIVINVINVIVOD L09 DINVAVONVOHNHDNNIVVN 86T
8STI-0t11 NNNODVVIIVINVINVIVOD 909 DONVAVONVOHNHDHNNIVVY LST
8STI-0t11 VANOVVIIVINVINVNAVOD S09 DONVAVOHNVOHNHHNNIVVN 96T
8STI-0t11 DNNOHVVIIVINVINVAVOD 09 DINVAVOHNVOHNHDNNIVVD SST
LETT-6ITT NOVINDIVVONVVVVOHONIN €09 NDVIINNNNVINNOVONON ST
LETT-6ITT NOVINDIVVOHNVVVVOHONID 709 DOHVIINNNNVINNDVOHNON €ST
LETT-6ITT NIVINDIVVHNVVVVOHOHNID 109 DHOHVIINNNNVINNOVDNDV 454
LETT-6ITT VOVINIVVDHNVVVVOHONID 009 DHOHVIINNNNVINNOVDHNDN 1$T
LETT-6ITT DOVINIVVDHNVVVVOHONID 66S DOHVIINNNNVINNOVDHNODHD 0ST
T601-vL01T NNNDNNDNVIIDIIVIION 866 NODDHNOHOHIDOHNVHVVOHVVN 6T
T601-vL01T NNNDNNDNVIIDIIVIIODN L6S VIDOHNHHINHNVOHVVOVVN 8+C
T601-vL01T NnNNDNNINVIIDIIVIIODN 96$ VIDOHNHHIHDHNVOVVOVVY L¥T
T601-¥L01T VANDNNDAVIIDIIVIIODN $6S VIDDHNHHIHHNVOHVVOHVVN 9T
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LIET-66T1 NVVDHNIIIIVIDDOVOHOVON 09 NDNDDNIDIHNHHHOHVINNN 10€
LIET-66T1 NVVDHNIIIIVIDOHVOHOVHY 619 N2NDDNIDHNHHHOHVINNN 00€
LIET-66T1 NVVOHNIIIIVIDOHVOHOVHY 8+9 N2NOONIDHNHHHOVINNY 66T
LIET-66T1 VVVDNIIIIVIDOVHOVOHY LY9 NnoNODONIHHNHHHOVYINNN 86¢
LIET-66T1 DYVDNIDIIIVIDOHVHOVOY 99 NnoNOONIIHNHHOHOHVINND L6T
68T1-1LT1 NNDNIIVOHNDIODHHDHNVVIN St9 NDNNVIIIIDVINDOHVOVN 96T
68T1-1LT1 NNDNIDOVOHNADIDHHHHNVVID 9 DDNNVIIIIODVINDHVHVN S6¢
68T1-1LT1 NNONIDVOHNADHOHHHNVVID €9 DDNNVIIIIOVINDOHVOHVY v6T
68T1-1LT1 VNDNIIVHNIHHDHDHNVVID 9 JDNNVIIIIOVINDOHVOHVN €62
68T1-1LT1 2NDNIIVHNIHHHDHNVVID 19 JDNNVIIIIOVINDOHVHVD 6T
L8TI-69T1 NNDDOVHNIHHDHOHNVVIOVN 09 NNIDNNVIIIIDVINDOVN 162
L8TI-69T1 NNDOVHNIHOHDHOHNVVIOVD 6£€9 DADOHNNVIIIIODVINDOHVN 06T
L8TI-69T1 NNOOVHNIHHHOHNVVIOVD 8€9 DADOHNNVIIIIOVINDOVY 68T
L8TI-69T1 VNDIVHNIDDHOHONVVIOVD LE9 DADOHNNVIIIIOHVINDHOHVN 88C
L8TI-69T1 DNDIVHNIHHOHOHNVVIOVD 9€9 DADHNANVIIIIODVINDOHVD L8T
SETI-LITI NVOVVOHNINVONVNIIVVN S€9 NNNHOVNVINVOHVINNINN 98T
SETI-LITI DVOHVVDOHNINVONVNIIVVD €9 2NNHOHVNVINVOHVINNINN S8T
SETI-LITI NVOVVHNINVDHNVNIIVVD €€9 2NNHOHVNVINVOHVINNINY 8T
SETI-LITI VVOVVDNINVOHNVNIIVVD 7€9 2NNHOHVNVINVYOHVYINNINN €8¢
SETI-LITI DVOHVVDOHNINVONVNIIVVD 1€9 2NNHOHVNVINYOHVYINNIND 78T
rETI-9121 NDVVOHNINVONVNIIVVON 0€9 NONNOOVAVINVOVINNIN 182
rETI-9121 NDVVOHIINVOHNVNIIVVOHD 679 DONNHOHVNVINVOVINNIN 08T
rETI-9121 NOVVOHAINVOHNVNIIVVOHD 879 D0NNOHOHVAVINVOHVINNIV 6LT
rETI-9121 VOVVDNINVONVNIIVVOD LT9 20NNOHOHVAVINVYOHVINNIN 81T
1€21-€121 NDNDNVOHNVNIIVVOHONIN 979 NDVIINNDOHVAVINVOVIN LLT
1€21-€121 NDNDNVOHNVNIIVVOHDNIV $79 NOVIINNDHOVAVINVOVIN 9LT
1€21-€121 NOHADNVOHNVNIIVVOHDNIV 79 NOHVIINNDHOVAVINVOHVIV SLT
1€21-€121 VYDNINVOHNVNIIVVODNIV €79 NOHVIINNDHOHVAVINVYHVIN VLT
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rSET-9€¢€1 NINVIIVOHNIONDHNINDOHVN 8L9 NNDIOVIVIOVINDONVON 6T€
rSET-9€¢€1 NIONVIIVOHNIOHNDHNINOVY LLY NNDIOHVIVIOVINDOHNVON 8T¢
rSET-9€¢€1 N2NVIIVOHNIOHNDHNINOHVY 9L9 NNOIOHVIVIOVINDOHNVOHV LTE
rSET-9€¢€1 VONVIIVOHNIOHNDNIDOVY SL9 NNOIHVIVIOHVINDHOHNVDHN 143
rSET-9€¢€1 DINVIIVHNIDHNDNIDOVY L9 NNDIHVIVIOVINDOHNVDD Y43
IPE1-€T€1 NODOVVNAVIONDIIDOVVN €L9 NNNDIHDIVIONVNNIION 743
IPE1-€T€1 NIDOVVNAVIODNDIIDOVVD TL9 DHNNDIOHOHIVIONVNINIION €Te
IPE1-€T€1 VIDOVVAVIODNDIINOVYD 1L9 DHNNDDOHOHIVIODNVNINIION 443
IPE1-€T€1 NIHOHVVNAVIODNDHIIDOHVVD 0L9 DHNNDDIOHOHIVIONVNINIIDV 12€
OvE1-TTET NDOVVNVIONDIIDOVVIN 699 NDNNDIHDIVIONVNNION 0z¢
OvE1-TTET NDOVVAVIONDIINOVVID 899 DHHNNDINOHIVIDNVNINIIN 61€
OvE1-TTET NOHOHVVAVIODNDIINOVVID L99 DHHNNDIDOIVIDNVNINIIV 81¢
OvE1-TTET VDOVVNVIODNDIINOVVID 999 DHHNNDIDOHIVIODNVNINIIN LT€
OvE1-TTET DDOHVVNVIDNDIINOHVVID $99 DHHNNDINOHIVIDNVNINIID 91¢
6€€1-12€1 NDOVVNVIOHNDIIDOVVION 99 NDDHNNDIDOHIVIONVNNIN SI¢
6€€1-12€1 NDOVVNVIOHNDHIIDNOVYION €99 VOHHNNDIDOHIVIONVNININ aks
6€€1-12€1 NOVVNAVIHNDHIINOVYION 799 VDHNNDIDOHIVIDNVNINIV €I¢
6€€1-12€1 VOVVNVIDNDIIONOHVVIIN 199 VDHHNNDIDOHIVIODNVNININ T1€
6€€1-12€1 DOVVNVIDHNDIINOHVVIIN 099 VOHHNNDIOHHIVIDNVNINID 1€
LEST-61ET NVAVIOHNHIIDOVVIININ 6S9 NDOVHOHNNIINDDIVIONVAN 01¢
LEST-61ET NVAVIHNHIIDOVVIININ 869 VOVDHONNIINDDIVIONVIN 60€
LEST-61ET NVAVIHNHIIDOHVVIOININ LS9 VOVDHDOHNNIIHOHIVIONVNV 80€
LEST-61ET VVAVIOHNHIIDOVYIININ 969 VOVDHDOHNNIIHOHIVIDNVNN LOE
TTET-H0ET NNDNIOVVOHNIIIIVIOON SS9 NDOIHNHHHOVINNIOVOVN 90€
TTET-H0ET NNDNIDOVVOHNIIIIVIODOHV £$9 NJ2HNHHHOVINNIOVOVN S0¢
TTET-H0ET NNONIODVVOHNIIIIVIODOHV €59 NJ2HNHHHOVINNIOVOVY r0€
TTET-H0ET VADNIDVVDHNIIIIVIDOV 789 NJ2HNHOHHOVINNIOVOVN €0¢
TTEL-HOET DNDNIDHVVDHNIIIIVIODDV 159 NDIHNHHHOVINNIDVOVD 70€
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L6ST-6LET NDOVOHVNNNNNDNVIIDON 90L NIDOOHNAVIVVVVVNINION LSE
L6ST-6LET NDOVOHVNNNNNDNVIIDODD SOL DDIDHHNVIVVVVVIINION 96¢
L6ST-6LET NOHOHVHVNNNNNDNVIIDODD t0L DDIDHHNVIVVVVVIINIIV Sse
L6ST-6LET VOOVOHYNNNNNODNVIIDDD €0L DDDIDHHNVIVVVVVIINIIN %33
L6ST-6LET DDHVHVNNNNNDNVIIDDD 0L D0IDHNVIVVVVVIINIID €S¢
96€1-8LET NOVOHYNNNNNONVIIDODON 10L NIDIDDONVIVVVVVIININ 433
96€1-8LET NOVOHYNNNNNONVIIDDOHD 00L D0DDDOHNVIVVVVVNININ Is€
96€1-8LET NOHVHYNNNNNONVIIDDODHD 669 D0DDDOHNVIVVVVVNINIV 0S¢
96€1-8LET VOVOHVNNNNNDNVIIDHDHD 869 D0D2DDHNVIVVVYVVYVVNININ 6v€
96€1-8LET DOHYOHVNNNNNDNVIIDDDD L69 D0DDDOHNAVIVVVVVNIINID 8h¢
P6ET-9LET NOVNNNNNONVIIDDDHONN 969 NVIIIIHDNVIVVVVVIIN LY€
P6ET-9LET NDOVNNNNNDNVIIDDHDHOND $69 DVIIIIDONVIVVVVVNIIN 9t
P6ET-9LET NOHVNNNNNDHNVIIDDHDHOHND 69 DVDIIIDOHNVIVVVVVNIIV She
P6ET-9LET VOVNNNNNOHNVIIDDHOHHND €69 DVYDIIIDOHNAVIVVVVYVNIIN €
€6ET-SLET NVNNNNNDNVIIHDHDHDHNIN 769 NDVIIIIDDHNVIVVVVVIN €he
€6ET-SLET NVNNNNNDHNVIIHHHOHNID 169 DDVIIIIDODNVIVVVVVIN The
€6ET-SLET NvNNNNNOHNVIIHHHOHNID 069 DDVIIIIDDHNVIVVVVVNV 8§43
€6ET-SLET YVNNNNNDHNAVIIDDHOHOHNID 689 DDVIIIIDHNAVIVVVYVVNIN 143
€6ET-SLET DVYNNNNNDNVIIDDDHDNID 889 DDHVIIIIODHAVIVVVVVNID 6€€
16€T1-€LET NNNNNDHNVIIODHHDHNIHNN L89 NVIDVIIIIDDNVIVVVVN 8¢€¢
16€T1-€LET NNNNNDHNVIIHHHDHNIDND 989 DV IHVIIIIDONVIVVVVN LEE
16€T1-€LET vYNNNNHNVIIDHDHHDHNIDNND $89 DV IHVIIIINOHNVIVVVVN 9¢¢
16€T1-€LET NnNNNNOBNVIIHNHHDHNIDNND 89 DV IHVIIIIDODNVIVVVVY gee
96€1-8¢€€1 NVDINVIIVOHNIOHNDNION €89 NIDVIVIOVINOHOHNVOHINN %%
96€1-8¢€€1 NVDINVIIVHNIHNDHNIDD 789 DODHVIVIOVINDONVOHINN €ee
96€1-8¢€€1 NVOHINVIIVHNIHNDNIHDD 189 D0DVIVIOHVINHHNVDINY 433
96€1-8¢€€1 VVOINVIIVOHNIDNDHNDIDD 089 D0DHVIVIOHVINHHNVDHINN 1€€
96€1-8€€1 JVHINVIIVOHNIDHNDHNIDD 6L9 DDDHVIVIOVINHDHNVOHIND 0€€
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O 1-8TH1 VNHNNNIIIVVVIVVINND vEL JVVOHNNDHNNNODDDHVVVIVN S8¢
O 1-8TH1 2NHNNNIDIIVVVIVVINND €€L JVVHNNDHNNNDDDVVVIVD 8¢
SPPI-LThI NDONNNDIIVVVIVVINNON €L NOVVHNINOHNNNDOOVVVIN €8¢
SPPI-LThI NDNNNDIIVVVIVVINNDV 1€L NIOVVHNNOHNNNDOOVVVIN 78¢
SPPI-LThI VONNNDIIVVVIVVINNDY 0€L NOVVHNNOHNNNDOOHVVVIN 18€
SPPI-LThI NOHNNNDIIVVVIVVINNDV 6L NOVVHNNOHNNNDOOVVVIV 08¢
EPPI-SThI NNNDIDIVVVIVVINNOVVN 8TL NNNDVVOHNNDNNNDDDVVN 6L€
EPPI-SThI NNNDIDIVVVIVVINNOVVYD LTL DNNOVVHNNONNNDDDVVN 8L¢
EPPI-SThI VNNIIIVVVIVVINNDVVD 9L DNNOVVHNNOHNNNDDOVVN LLE
EPPI-SThI NNADIDVVVIVYINNOVVYD STL DANDVVHNNOHNNNDDOVVY 9LE
6SV1-1TH1 NOVVVIVVINNDVVINDON vTL NIDOVOHNNIVVOHNNDONNNON SLE
6SV1-1TH1 NOVVVIVVINNDHVVINOOHY €TL NJOVHNNOVVOHNNONNNON vLE
6SV1-1TH1 NIOVVVIVVINNDHVVINDOHVY 7L NJOVOHNNOVVHNNONNNDV €LE
6SV1-1TH1 VOVVVIVVINNOVVINODOVY 1ZL NnJOVOHNNOVVHNNONNNON TLE
6SV1-1TH1 DOVVVIVVINNOHVVINDOV 0ZL NJ2VOHNNOVVHNNONNNDD ILE
SEPI-LIPI NOVVINNDOHVVINDOVOHION 61L NDDINIIVOHNNIVVOHNNON 0LE
SEPI-LIPI NOVVINNDHVVINODOHVHIID 81L HHHINDIVOHNNIVVOHNNON 69€
SEPI-LIPI NIOVVINNHVVINDOHVHIID L1L DHHHINDIVHNNIVVOHNNDV 89¢
SEPI-LIPI VOVVINNOVVINDHOVDHIID 91L DHHHIHNDIVHNNDIVYOHNNDN L9€
€IPI-S6€1 NNVAINDHNVIIIVNVIION SIL NODDHNVNHOHDNVIVOVNIVN 99¢
€IPI-S6€1 NNVAINHNVIIIVNVIIODD an DODHOHNVNHDHDNVIVOVNAVN S9¢
€IPI-S6€1 NNVAINHNVIIIVNVIIODD €1L DODOHNVNOHDHDNVIVOVNAVY #9¢
€IPI-S6€1 VAVNINDNVIIIVNVIIDD TIL DODHOHNVNHHDHNVIVOVNIVN €9¢
€IPI-S6€1 JNVNINDHNVIIIVNVIIODD 11L DODOHNVNHHDHNVIVOVNIVD 79¢
IIH1-€6€1 NNDNONAVIIIVAVIIDOVN 01L NNDDHOHNVNHODNVIVOVN 19¢
IIH1-€6€1 NNDNONAVIIIVAVIIDOVD 60L DNDIHOHNVNHOHDHNVIVOVN 09€
IIH1-€6€1 NNONOHAVIIIVAVIIDOVD 80L DNDIHOHNVNHOHDNVIVOVY 65€
TIH1-€6€1 VAINDHNAVIIIVAVIIODOHVD LOL 2NDIHHNVNHOHDHNVIVOHVN 8G¢
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06V 1-TLY1 VYODNVINNINIIIININDV 9L NIOVHVHOHHOHVOHVYVDHNVIOIN €Iy
06V 1-TLY1 DOHOHNVINNINIIIININDOV 19L NIOVHVOHHOHOHVOHVVOHNVIID a8y
68V 1-1LY1 NDNAVINNINIIIININOVN 09L NNOVHVOHOHHOHVOHVVOHNVIN (R8%
68V 1-1LY1 NDNAVINNINIIIININOVY 6SL NNIOVHVOHOHHOHVHVVOHNVIN 01t
68V 1-1LY1 NOHAVINNINIIIININOVY 8SL NNIOVHVOHHHHVOHVVOHNVIV 60t
68V 1-1LY1 VONVINNINIIIININDVY LSL NNIOVHVOHHHOHVOHVVOHNVIN 80%
68V 1-1LY1 DOHNVINNINIIIININDVY 9L NNIOVHVOHHHOHVHVVOHNVID LOY
S8YT-L9¥1 NNNDNIIIININOVVIIVN SSL NNOHHNNIVHVOHOHOHVHVVN 90t
S8YT-L9¥1 NNNDNIIIININOVVIIVA vSL VNOHNNIVHVDHOHOHVOHVVN SO¥
S8YT-L9¥1 NNNNNIIIININOVVIIVAN €SL VNOHNNIVHVOHOHHOHVOHVVY Vg
S8YT-L9¥1 VNNDNIIIININDHVVIIVAN TSL VNOHNNIVHVOHOHHOHVOHVVN €0¥
S8YT-L9¥1 2NNDNIIIDNINOHVVIIVA ISL VNHDHNNIVHVHOHDOHVHVVD 0t
LSYT-6EH1 NVDNVVNNINNINDNNNIN 0SL NOVVVIVOVVOVVNINVINN 10t
LSYT-6EH1 NVDHNVVNNINNINOHNNNID 6tL DOHVVVIVOVVOVVNNVINN 00t
LSYT-6EH1 YVDNVVNNINNINDNNNDD 8tL DOHVVVIVOVYVOHVYVNINVINN 66€
LSYT-6EH1 nvoHNvvnnNdINNINHNNNID LyL DOHVVVIVOVVOHVVNNVINY 86€
SSPI-LEPT NAVVNNINNINDNNNIIIN 9L NDDOVVVIVOVVOVVNINVN L6€
SSPI-LEPT NAVVNNDNNINDNNNIIIV ShL NODOHOVVVIVOVVOHVVNINVN 96€
SSPI-LEPT NNVvNN2NNINHNNNIIIDV L NODOHOVVVIVOVVOVVNINVY S6€
SSPI-LEPT VAVVNNINNINDNNNIIDV €hL NODOHOVVVIVOVVOVVNINVN v6€
SSPI-LEPT DAVVNNINNINDONNNIIDV TrL NDOHOHVVVIVOVVOVVNINYD €6€
SPPI-0€h1 NNONONNNIIIVVVIVVIN IvL NDNNOHNNNDOOVVVIVOVN T6€
SPPI-0€h1 NNDONOHNNNIIIVVVIVVIN oL VONNOHNNNOODOVVVIVOVN 16€
SPPI-0€h1 VNADNHNNNDIIVVVIVYIN 6€L VONNOHNNNOODOHVVVIVOVN 06€
SPPI-0€h1 NNONOHNNNIIIVVVIVYIN 8¢€L VONNOHNNNOODOVVVIVOVY 68€
O 1-8TH1 NNONNNIIIVVVIVVINNN LEL NVVONNDHNNNDDDVVVIVN 88¢
O 1-8TH1 NNOHNNNIIIVVVIVVINND 9¢L JVVHNNDHNNNDDDVVVIVN L8€
O 1-8TH 1 NNOHNNNIIIVVVIVVINND SeL JVVHNNDHNNNDDDVVVIVV 98¢
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L8ST-69S1 NNOHOVVOVVVNINVIVONN LLL NVINDHNVVNINNINNIIIVN TP
L8ST-69S1 NNOHOVVOHVVVNNVIVONY 9LL NvVOINHNVVNNNINNIIIVN LT
L8ST-69S1 VNDDOVVOHVVVNNVIVONY SLL NvVOINHNVVNNNINNIIIVN 9Tt
L8ST-69S1 NNOHOVVOHVVVNNVIVONY vLL NVOINHNVVNNNINNIIIVY STl
€6V I-SLY 1 NVVOHOHONVINNINIIIINN €LL NVDOHOHOHVOHVYVOHNVIIINNN YTy
€6V I-SLY 1 NVVHOHOHNVINNINIIDIND TLL DHYDHOHHOHVOHYVOHNVIIINNN €Tl
€6V I-SLY 1 NVvOHOHHNVINNINIIDIND ILL DHYDHOHHOHVOHVYVDHNVIIINNY 44y
€6V I-SLY 1 YVVDODHNVINNINIIIIND OLL HYDHOHHOHVOHVYDHNVIIINNN 12t
ov1-vLb1 NVDOHOHNVINNINIIIININ 69L NDOVOHHOHVHVVOHNVIIINN 0Tt
ov1-vLb1 NVDHHNVINNDNIIDININ 89L VOVOHOHDOHVOVYVOHNVIIINN 61t
ov1-vLb1 NvHHHNVINNDNIIIININ L9L VOVOHOHDHOHVOHVYVDHNVIIINY 8I¥
ov1-vLb1 VYVOHOHOHNVINNINDIDININ 99L VOVHOHDHOHVOHYYVDHNVIIINN LT¥
06V 1-TLY1 NDODNAVINNINIIIININON S9L NOVOVDHOHOHOHVHVVOHNVION 91t
06V 1-TLY1 NDDHNAVINNINIIIININDV 9L NIVHVHOHHOHVOHVVOHNVION SIv
06V 1-TLY 1 NOHOHAVINNINDIIIINDNDV €9L NJVHVHOHHOHVOHVVDHNVIIV vt
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The AAT RNAI agent sense strands and antisense strands that comprise or consist of the
nucleotide sequences in Table 2 or Table 3 can be modified nucleotides or unmodified
nucleotides. In some embodiments, the AAT RNAIi agents having the sense and antisense
strand sequences that comprise or consist of any of the nucleotide sequences in Table 2 or Table

3 are all or substantially all modified nucleotides.

In some embodiments, the antisense strand of an AAT RNA1 agent disclosed herein differs by
0, 1, 2, or 3 nucleotides from any of the antisense strand sequences in Table 2 or Table 3. In
some embodiments, the sense strand of an AAT RNAI agent disclosed herein differs by O, 1,

2, or 3 nucleotides from any of the sense strand sequences in Table 2 or Table 3.

As used herein, each N listed in a sequence disclosed in Table 2 may be independently selected.
In some embodiments, an N nucleotide listed in a sequence disclosed in Table 2 has a
nucleobase that is complementary to the N nucleotide at the corresponding position on the other
strand. In some embodiments, an N nucleotide listed in a sequence disclosed in Table 2 has a
nucleobase that is not complementary to the N nucleotide at the corresponding position on the
other strand. In some embodiments, an N nucleotide listed in a sequence disclosed in Table 2
has a nucleobase that is the same as the N nucleotide at the corresponding position on the other
strand. In some embodiments, an N nucleotide listed in a sequence disclosed in Table 2 has a
nuclecbase that is different from the N nucleotide at the corresponding position on the other

strand.

Certain modified AAT RNAI agent sense and antisense strands are provided in Table 4 and
Table 5. Modified AAT RNAI agent antisense strands, as well as their underlying unmodified
nucleobase sequences, are provided in Table 4. Modified AAT RNAI agent sense strands, as
well as their underlying unmodified sequences, are provided in Table 5. In forming AAT RNAI
agents, each of the nucleotides in each of the unmodified sequences listed in Tables 4 and 5, as

well as in Table 2 and Table 3, above, can be a modified nucleotide.

The AAT RNAI agents described herein are formed by annealing an antisense strand with a
sense strand. A sense strand containing a sequence listed in Table 2, Table 3, or Table 5, can
be hybridized to any antisense strand containing a sequence listed in Table 2, Table 3, or Table
4, provided the two sequences have a region of at least 85% complementarity over a contiguous

16, 17, 18, 19, 20, or 21 nucleotide sequence.
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In some embodiments, an AAT RNAI agent antisense strand comprises a nucleotide sequence

of any of the sequences in Table 2, Table 3, or Table 4.

In some embodiments, an AAT RNAIi agent comprises or consists of a duplex having the
nucleobase sequences of the sense strand and the antisense strand of any of the sequences in

Table 2 or Table 3.

Examples of antisense strands containing modified nucleotides are provided in Table 4.

Examples of sense strands containing modified nucleotides are provided in Table 5.

As used in Tables 4 and 5, the following notations are used to indicate modified nucleotides,
targeting groups, and linking groups. As the person of ordinary skill in the art would readily
understand, unless otherwise indicated by the sequence, that when present in an

oligonucleotide, the monomers are mutually linked by 5°-3"-phosphodiester bonds:

A = adenosine-3'-phosphate;

C = cytidine-3'-phosphate;

G = guanosine-3'-phosphate;

U = uridine-3'-phosphate

n = any 2'-OMe modified nucleotide

a = 2'-O-methyladenosine-3'-phosphate

as = 2'-O-methyladenosine-3'-phosphorothioate
c = 2'-O-methylcytidine-3'-phosphate

cs = 2'-O-methylcytidine-3'-phosphorothioate
g = 2'-O-methylguanosine-3'-phosphate

gs = 2'-O-methylguanosine-3'-phosphorothioate
t = 2'-O-methyl-5-methyluridine-3'-phosphate
ts = 2'-O-methyl-5-methyluridine-3'-phosphorothioate
u = 2'-O-methyluridine-3'-phosphate

us = 2'-O-methyluridine-3'-phosphorothioate
Nf = any 2'-fluoro modified nucleotide

Af = 2'-fluoroadenosine-3'-phosphate

Afs = 2'-fluoroadenosine-3'-phosporothioate

Cf = 2'-fluorocytidine-3'-phosphate

Cfs = 2'-fluorocytidine-3’-phosphorothioate

Gf = 2'-fluoroguanosine-3'-phosphate

Gfs = 2'-fluoroguanosine-3'-phosphorothioate
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2'-fluoro-5'-methyluridine-3'-phosphate
2'-fluoro-5"-methyluridine-3'-phosphorothioate
2'-fluorouridine-3'-phosphate
2’-fluorouridine-3’-phosphorothioate

any 2'-deoxyribonucleotide
2'-deoxythymidine-3'-phosphate

2’ 3'-seco nucleotide mimics (unlocked nucleobase analogs)-3'-
Phosphate

2’ 3'-seco nucleotide mimics (unlocked nucleobase analogs)-3'-
phosphorothioate

2’ 3'-seco-uridine-3’-phosphate

2’ 3'-seco-uridine-3’-phosphorothioate

see Table 7

see Table 7

see Table 7

see Table 7

see Table 7

see Table 7

locked nucleotide

2'-F-Arabino nucleotide

2’-methoxyethyl nucleotide
2’-methoxyethyladenosine-3'-phosphate
2'-methoxyethyladenosine-3'-phosphorothioate
2'-methoxyethylthymidine-3'-phosphate
2'-methoxyethylthymidine-3'-phosphorothioate

ribitol

any inverted deoxyribonucleotide (3'-3' linked nucleotide)
inverted (3’-3' linked) abasic deoxyribonucleotide, see Table 7
inverted (3'-3' linked) abasic deoxyribonucleotide-5'-
phosphorothioate, see Table 7

any inverted 2’-OMe nucleotide (3'-3' linked nucleotide)
phosphorothioate linkage

vinyl phosphonate deoxyribonucleotide

5'-Me, 2'-fluoro nucleotide

cyclopropyl phosphonate, see Table 7

see Table 7

see Table 7

see Table 7

see Table 7

see Table 7

see Table 7
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(C6-SS8-Alk) = see Table 7
(C6-SS-Alk-Me) = see Table 7

The person or ordinary skill in the art would readily understand that the terminal nucleotide at
the 3' end of a given oligonucleotide sequence would typically have a hydroxyl (-OH) group at
the respective 3' position of the given monomer instead of a phosphate moiety ex vivo. Unless
expressly indicated otherwise herein, such understandings of the person of ordinary skill in the
art are used when describing the AAT RNAI agents and compositions of AAT RNAIi agents

disclosed herein.

Targeting groups and linking groups include the following, for which their chemical structures
are provided below in Table 7: (PAZ), (NAG13), (NAG13)s, (NAG18), NAG18)s, (NAG24),
(NAG24)s, (NAG25), (NAG25)s, (NAG26), (NAG26)s, (NAG27), (NAG27)s, (NAG2S),
(NAG28)s, (NAG29), (NAG29)s, (NAG30), (NAG30)s, (NAG31), (NAG31)s, (NAG32),
(NAG32)s, (NAG33), (NAG33)s, (NAG34), (NAG34)s, (NAG35), (NAG35)s, (NAG36),
(NAG36)s, (NAG37), (NAG37)s, (NAG38), (NAG38)s, (NAG39), (NAG39)s. Each sense
strand and/or antisense strand can have any targeting groups or linking groups listed above, as

well as other targeting or linking groups, conjugated to the 5’ and/or 3’ end of the sequence.
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The AAT RNAI agents described herein are formed by annealing an antisense strand with a
sense strand. A sense strand containing a sequence listed in Table 2, Table 3, or Table 5 can be
hybridized to any antisense strand containing a sequence listed in Table 2, Table 3, or Table 4,
provided the two sequences have a region of at least 85% complementarity over a contiguous

16, 17, 18, 19, 20, or 21 nucleotide sequence.

In some embodiments, the antisense strand of an AAT RNA1 agent disclosed herein differs by
0. 1, 2. or 3 nucleotides from any of the antisense strand sequences in Table 4. In some
embodiments, the sense strand of an AAT RNAI agent disclosed herein differs by 0, 1, 2, or 3

nucleotides from any of the sense strand sequences in Table 5.

In some embodiments, an AAT RNAI agent antisense strand comprises a nucleotide sequence
of any of the sequences in Table 2, Table 3, or Table 4. In some embodiments, an AAT RNAi
agent antisense strand comprises the sequence of nucleotides (from 5’ end = 3’ end) 1-17, 2-
17, 1-18, 2-18, 1-19, 2-19, 1-20, 2-20, 1-21, 2-21, 1-22, 2-22, 1-23, 2-23, 1-24, or 2-24, of any
of the sequences in Table 2, Table 3, or Table 4. In certain embodiments, an AAT RNAi agent
antisense strand comprises or consists of a modified sequence of any one of the modified

sequences in Table 4.

In some embodiments, an AAT RNAi agent sense strand comprises the nucleotide sequence of
any of the sequences in Table 2, Table 3, or Table 5. In some embodiments, an AAT RNAi
agent sense strand comprises the sequence of nucleotides (from 5’ end = 3' end) 1-17, 2-17,
3-17, 4-17, 1-18, 2-18, 3-18, 4-18, 1-19, 2-19, 3-19, 4-19, 1-20, 2-20, 3-20, 4-20, 1-21, 2-21,
3-21, 4-21, 1-22, 2-22, 3-22, 4-22, 1-23, 2-23, 3-23, 4-23, 1-24, 2-24, 3-24, or 4-24 of any of
the sequences in Table 2, Table 3, or Table 5. In certain embodiments, an AAT RNAI agent
sense strand comprises or consists of a modified sequence of any one of the modified sequences

in Table 5.

For the AAT RNALI agents disclosed herein, the nucleotide at position 1 of the antisense strand
(from 5’ end = 3’ end) can be perfectly complementary to an AAT gene, or can be non-
complementary to an AAT gene. In some embodiments, the nucleotide at position 1 of the
antisense strand (from 5’ end =2 3’ end) is a U, A, or dT (or a modified version of U, A or dT).
In some embodiments, the nucleotide at position 1 of the antisense strand (from 5’ end = 3'

end) forms an A:U or U:A base pair with the sense strand.
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In some embodiments, an AAT RNAIi agent antisense strand comprises the sequence of
nucleotides (from 5" end = 3’ end) 2-18 or 2-19 of any of the antisense strand sequences in
Table 2, Table 3, or Table 4. In some embodiments, an AAT RNAI sense strand comprises the
sequence of nucleotides (from 5" end = 3' end) 1-17 or 1-18 of any of the sense strand

sequences in Table 2, Table 3, or Table 5.

In some embodiments, an AAT RNAI agent includes (i) an antisense strand comprising the
sequence of nucleotides (from 5" end = 3’ end) 2-18 or 2-19 of any of the antisense strand
sequences in Table 2, Table 3, or Table 4, and (i1) a sense strand comprising the sequence of
nucleotides (from 5" end = 3’ end) 1-17 or 1-18 of any of the sense strand sequences in Table

2, Table 3, or Table 5.

A sense strand containing a sequence listed in Table 2, Table 3, or Table 5 can be hybridized
to any antisense strand containing a sequence listed in Table 2, Table 3, or Table 5, provided
the two sequences have a region of at least 85% complementarity over a contiguous 16, 17, 18,
19, 20, or 21 nucleotide sequence. In some embodiments, the AAT RNAI agent has a sense
strand consisting of the modified sequence of any of the modified sequences in Table 5, and an
antisense strand consisting of the modified sequence of any of the modified sequences in Table

4. Representative sequence pairings are exemplified by the Duplex ID Nos. shown in Table 6.

In some embodiments, an AAT RNAIi agent comprises any of the duplexes represented by any
of the Duplex ID Nos. presented herein. In some embodiments, an AAT RNAIi agent consists
of any of the duplexes represented by any of the Duplex ID Nos. presented herein. In some
embodiments, an AAT RNAIi agent comprises the sense strand and antisense strand nucleotide
sequences of any of the duplexes represented by any of the Duplex ID Nos. presented herein.
In some embodiments, an AAT RNAi agent includes the sense strand and antisense strand
nucleotide sequences of any of the duplexes represented by any of the Duplex ID Nos.
presented herein and a targeting group and/or linking group, wherein the targeting group and/or
linking group is covalently linked (i.e., conjugated) to the sense strand or the antisense strand.
In some embodiments, an AAT RNAi agent includes the sense strand and antisense strand
modified nucleotide sequences of any of the duplexes represented by any of the Duplex ID
Nos. presented herein. In some embodiments, an AAT RNAi agent comprises the sense strand

and antisense strand modified nucleotide sequences of any of the duplexes represented by any



10

15

20

25

30

WO 2018/132432 PCT/US2018/013102
70

of the Duplex ID Nos. presented herein and a targeting group and/or linking group, wherein
the targeting group and/or linking group is covalently linked to the sense strand or the antisense

strand.

In some embodiments, an AAT RNAi agent comprises an antisense strand and a sense strand
having the nucleotide sequences of any of the antisense strand/sense strand duplexes of Table

2, Table 3, or Table 6, and comprises an asialoglycoprotein receptor ligand targeting group.

In some embodiments, an AAT RNAi agent comprises an antisense strand and a sense strand
having the nucleotide sequences of any of the antisense strand/sense strand duplexes of Table
2 or Table 5, and further comprises a targeting group selected from the group consisting of
(PAZ), (NAGI3), (NAG13)s, (NAG18), (NAGI8)s, (NAG24), (NAG24)s, (NAG25),
(NAG25)s, (NAG26), (NAG26)s, (NAG27), (NAG27)s, (NAG28), (NAG28)s, (NAG29),
(NAG29)s, (NAG30), (NAG30)s, (NAG31), (NAG31)s, (NAG32), (NAG32)s, (NAG33),
(NAG33)s, (NAG34), (NAG34)s, (NAG35), (NAG35)s, (NAG36), (NAG36)s, (NAG3T),
(NAG37)s, (NAG38), (NAG38)s, (NAG39), (NAG39)s. In some embodiments, the targeting
group is (NAG25) or (NAG25)s as defined in Table 7. In other embodiments, the targeting
group is (NAG37) or (NAG37)s as defined in Table 7.

In some embodiments, an AAT RNAi agent comprises an antisense strand and a sense strand
having the modified nucleotide sequence of any of the antisense strand and/or sense strand

nucleotide sequences of any of the duplexes of Table 6.

In some embodiments, an AAT RNAi agent comprises an antisense strand and a sense strand
having a modified nucleotide sequence of any of the antisense strand and/or sense strand
nucleotide sequences of any of the duplexes of Table 6, and comprises an asialoglycoprotein

receptor ligand targeting group.

In some embodiments, an AAT RNAi agent comprises the duplex structure of any of the

duplexes in Table 6.

In some embodiments, an AAT RNAi agent consists of the duplex structure of any of the

duplexes in Table 6.
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Table 6. AAT RNAIi Agents Identified bv Duplex ID No. with Corresponding Sense and
Antisense Strands

Duplex Antisense Sense Duplex Antisense Sense
ID Strand ID Strand ID ID Strand ID Strand ID
ADO1131 AMO0516-AS AMO01887-SS AD04603  AMO05886-AS AMO05656-SS
ADO1132  AMO0516-AS AMO01888-SS AD04604 AMO05887-AS  AMO05893-SS
ADO1174 AMO0516-AS AMO01855-SS AD04605 AMO05888-AS AMO05893-SS
ADO1286 AMO02129-AS AMO01855-SS AD04606  AMO05657-AS  AM05894-SS
ADO1287 AMO02130-AS AMO02132-SS AD04607 AMO05886-AS AMO05894-SS
ADO01442  AMO02130-AS AMO02390-SS AD04608 AMO05887-AS  AMO05895-SS
ADO03752 AMO04786-AS AMO04785-SS AD04609  AMO05888-AS AMO05895-SS
ADO04156  AMO05303-AS  AMO05304-SS ADO04610  AMO05657-AS  AM05896-SS
AD04406  AMO05303-AS  AMO05599-SS ADO04611  AMO05889-AS  AMO05897-SS
ADO04444  AMO05643-AS  AMO05642-SS ADO04612  AMO05890-AS  AMO05897-SS
ADO04445  AMO05645-AS  AMO05644-SS ADO04613  AMO05887-AS  AMO05898-SS
AD04446  AMO05647-AS  AMO05646-SS ADO04614  AMO05891-AS  AMO05899-SS
ADO04447  AMO05649-AS  AMO05648-SS ADO04615  AMO05892-AS  AMO05899-SS
ADO04448  AMO05651-AS  AMO05650-SS ADO04616  AMO05900-AS  AMO05672-SS
AD04449  AMO05653-AS  AMO05652-SS ADO04617  AMO05901-AS  AMO05646-SS
ADO04450  AMO05655-AS  AMO05654-SS AD04652  AMO05954-AS  AMO05958-SS
ADO04451 AMO05657-AS  AMO05656-SS ADO04653  AMO05955-AS  AMO05958-SS
ADO04452  AMO05659-AS  AMO05658-SS ADO04654  AMO05955-AS  AM05959-SS
ADO04453  AMO05661-AS  AMO05660-SS ADO04655 AMO05954-AS  AMO05960-SS
ADO04454  AMO05663-AS  AMO05662-SS AD04656  AMO05956-AS  AM05959-SS
ADO04455 AMO5665-AS  AMO05664-SS ADO04657  AMO05957-AS  AM05959-SS
AD04456  AMO05667-AS  AMO05666-SS ADO04658  AMO05961-AS  AMO05965-SS
ADO04457  AMO05669-AS  AMO05668-SS AD04659  AMO05962-AS  AMO05965-SS
ADO04458 AMO05671-AS  AMO05670-SS AD04660  AMO05962-AS  AMO05966-SS
AD04459  AMO05673-AS  AMO05672-SS AD04661  AMO05963-AS  AM05966-SS
ADO04464  AMO05677-AS  AMO05658-SS AD04662  AMO05964-AS  AMO05967-SS
AD04601  AMO05884-AS AMO05656-SS AD04663  AMO05969-AS  AMO05968-SS
AD04602 AMO05885-AS  AMO05656-SS AD04664  AMO05970-AS  AMO05968-SS
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ID Strand ID Strand ID ID Strand ID Strand ID

ADO04665 AMO05970-AS  AMO05971-SS AD04766  AMO06133-AS  AMO06135-SS
AD04666  AMO05973-AS  AMO05972-SS AD04767 AMO06134-AS  AMO06136-SS
AD04667 AMO05974-AS  AMO05971-SS AD04768 AMO06137-AS  AMO06138-SS
AD04668  AMO05976-AS AMO05975-SS AD04769  AMO06137-AS  AMO06139-SS
AD04669  AMO05977-AS  AMO05975-SS AD04770  AMO06140-AS  AMO06141-SS
AD04670  AMO05977-AS  AMO05978-SS ADO04805 AMO05673-AS  AMO06195-SS
AD04671  AMO05979-AS  AMO05978-SS ADO04824 AMO05887-AS AMO06223-SS
ADO04672  AMO05980-AS  AMO05978-SS ADO04825 AMO05900-AS AMO06224-SS
ADO04673  AMO05982-AS AMO05981-SS ADO04826 AMO05889-AS AMO06225-SS
AD04674  AMO05983-AS  AMO05981-SS ADO04827 AMO05888-AS AMO06223-SS
ADO04675  AMO05983-AS  AMO05984-SS ADO04828 AMO05887-AS AMO06226-SS
AD04676  AMO05985-AS  AMO05984-SS ADO04829  AMO06227-AS  AMO06229-SS
ADO04677  AMO05987-AS  AMO05986-SS ADO04830 AMO06228-AS AM06229-SS
AD04678  AMO05989-AS  AMO05988-SS ADO04831 AMO06228-AS AMO06230-SS
AD04679  AMO05990-AS  AMO05988-SS ADO04832 AMO05673-AS  AMO06231-SS
ADO04680  AMO05992-AS  AMO05991-SS ADO04833 AMO05889-AS AMO06232-SS
ADO04681  AMO05994-AS  AMO05993-SS ADO04834  AMO06227-AS  AMO06230-SS
ADO04682  AMO05996-AS  AMO05995-SS ADO04836  AMO06234-AS AMO06195-SS
ADO04683  AMO05998-AS AMO05997-SS ADO04837 AMO06235-AS  AMO06236-SS
ADO04684  AMO05999-AS  AMO05997-SS ADO04838 AMO06237-AS  AMO06239-SS
AD04761 AMO06124-AS AMO06127-SS ADO04839  AMO05673-AS  AMO06239-SS
AD04762 AMO06125-AS  AMO06128-SS ADO04840 AMO06238-AS AMO06223-SS
AD04763 AMO06126-AS AMO06129-SS ADO04857 AMO06261-AS  AMO06223-SS
AD04764 AMO06130-AS AMO06132-SS

AD04765 AMO06131-AS  AMO06132-SS

In some embodiments, an AAT RNAIi agent is prepared or provided as a salt, mixed salt, or

a free-acid. The RN A agents described herein, upon delivery to a cell expressing an AAT

gene, inhibit or knockdown expression of one or more AAT genes in vivo.

Targeting Groups, Linking Groups, and Delivery Vehicles




10

15

20

25

30

WO 2018/132432 PCT/US2018/013102

73

In some embodiments, an AAT RNAIi agent is conjugated to one or more non-nucleotide
groups including, but not limited to, a targeting group, linking group, delivery polymer, or
a delivery vehicle. The non-nucleotide group can enhance targeting, delivery or attachment
of the RNAI agent. Examples of targeting groups and linking groups are provided in Table
7. The non-nucleotide group can be covalently linked to the 3" and/or 5’ end of either the
sense strand and/or the antisense strand. In some embodiments, an AAT RNAi agent
contains a non-nucleotide group linked to the 3’ and/or 5’ end of the sense strand. In some
embodiments, a non-nucleotide group is linked to the 5’ end of an AAT RNAIi agent sense
strand. A non-nucleotide group can be linked directly or indirectly to the RNAi agent via a
linker/linking group. In some embodiments, a non-nucleotide group is linked to the RNAI

agent via a labile, cleavable, or reversible bond or linker.

In some embodiments, a non-nucleotide group enhances the pharmacokinetic or
biodistribution properties of an RNAi agent or conjugate to which it is attached to improve
cell- or tissue-specific distribution and cell-specific uptake of the RN Ai agent or conjugate.

In some embodiments, a non-nucleotide group enhances endocytosis of the RN Ai agent.

Targeting groups or targeting moieties can enhance the pharmacokinetic or biodistribution
properties of a conjugate or RN Ai agent to which they are attached to improve cell-specific
distribution and cell-specific uptake of the conjugate or RNAi agent. A targeting group can
be monovalent, divalent, trivalent, tetravalent, or have higher valency for the target to which
it is directed. Representative targeting groups include, without limitation, compounds with
affinity to cell surface molecules, cell receptor ligands, haptens, antibodies, monoclonal
antibodies, antibody fragments, and antibody mimics with affinity to cell surface molecules.
In some embodiments, a targeting group is linked to an RNAI1 agent using a linker, such as
a PEG linker or one, two, or three abasic and/or ribitol (abasic ribose) residues, which in
some instances can serve as linkers. In some embodiments, a targeting group comprises a

galactose derivative cluster.

The AAT RNAI agents described herein can be synthesized having a reactive group, such
as an amine group, at the 5'-terminus. The reactive group can be used to subsequently attach

a targeting group using methods typical in the art.
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In some embodiments, a targeting group comprises an asialoglycoprotein receptor ligand.
In soroe embodiments, an asialoglvcoprotein receptor ligand includes or consists of one or
more galactose derivatives. As used herein, the term galactose derivative includes both
galactose and derivatives of galactose having affinity for the asialoglycoprotein receptor
that is equal to or greater than that of galactose. Galactose derivatives include, but are not
limited to: galactose, galactosamine, N-formylgalactosamine, N-acetyl-galactosamine,
N-propionyl-galactosamine, N-n-butanoyl-galactosamine, and N-iso-butanoylgalactos-
amine (see for example: S.T. lobst and K. Drickamer, J.B.C., 1996, 271, 6686). Galactose
derivatives, and clusters of galactose derivatives, that are useful for in vivo targeting of
oligonucleotides and other molecules to the liver are known in the art (see, for example,
Baenziger and Fiete, 1980, Cell, 22, 611-620; Connolly et al., 1982, J. Biol. Chem., 257,
939-945),

Galactose derivatives have been used to target molecules to hepatocytes in vivo through
their binding to the asialoglycoprotein receptor expressed on the surface of hepatocytes.
Binding of asialoglycoprotein receptor ligands to the asialoglycoprotein receptor(s)
facilitates cell-specific targeting to hepatocytes and endocytosis of the molecule into
hepatocytes. Asialoglycoprotein receptor ligands can be monomeric (e.g., having a single
galactose derivative) or multimeric (e.g., having multiple galactose derivatives). The
galactose derivative or galactose derivative cluster can be attached to the 3' or 5’ end of the
sense or antisense strand of the RN'Ai agent using methods known in the art. The preparation
of targeting groups, such as galactose derivative clusters, is described in, for example, U.S.
Patent Application Serial No. 15/452,324 and U.S. Patent Publication No. US
2017/0253875, the contents of both of which are incorporated by reference herein in their

entirety.

As used herein, a galactose derivative cluster comprises a molecule having two to four
terminal galactose derivatives. A terminal galactose derivative is attached to a molecule
through its C-1 carbon. In some embodiments, the galactose derivative cluster is a galactose
derivative trimer (also referred to as tri-antennary galactose derivative or tri-valent galactose
derivative). In some embodiments, the galactose derivative cluster comprises N-acetyl-
galactosamines. In some embodiments, the galactose derivative cluster comprises three N-

acetyl-galactosamines. In some embodiments, the galactose derivative cluster is a galactose
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derivative tetramer (also referred to as tetra-antennary galactose derivative or tetra-valent
galactose derivative). In some embodiments, the galactose derivative cluster comprises four

N-acetyl-galactosamines.

As used herein, a galactose derivative trimer contains three galactose derivatives, each
linked to a central branch point. As used herein, a galactose derivative tetramer contains
four galactose derivatives, each linked to a central branch point. The galactose derivatives
can be attached to the central branch point through the C-1 carbons of the saccharides. In
some embodiments, the galactose derivatives are linked to the branch point via linkers or
spacers. In some embodiments, the linker or spacer is a flexible hydrophilic spacer, such as
a PEG group (see, for example, U.S. Patent No. 5,885,968 Biessen et al. J. Med. Chem.
1995 Vol. 39 p. 1538-1546). In some embodiments, the PEG spacer is a PEGs spacer. The
branch point can be any small molecule which permits attachment of three galactose
derivatives and further permits attachment of the branch point to the RNAi agent. An
example of branch point group is a di-lysine or di-glutamate. Attachment of the branch point
to the RN Ai agent can occur through a linker or spacer. In some embodiments, the linker or
spacer comprises a flexible hydrophilic spacer, such as, but not limited to, a PEG spacer. In
some embodiments, the linker comprises a rigid linker, such as a cyclic group. In some
embodiments, a galactose derivative comprises or consists of N-acetyl-galactosamine. In
some embodiments, the galactose derivative cluster is comprised of a galactose derivative

tetramer, which can be, for example, an N-acetyl-galactosamine tetramer.

Embodiments of the present disclosure include pharmaceutical compositions for delivering
an AAT RNAI agent to a liver cell in vivo. Such pharmaceutical compositions can include,
for example, an AAT RNAI agent conjugated to a galactose derivative cluster. In some
embodiments, the galactose derivative cluster is comprised of a galactose derivative trimer,
which can be, for example, an N-acetyl-galactosamine trimer, or galactose derivative

tetramer, which can be, for example, an N-acetyl-galactosamine tetramer.

Targeting groups include, but are not limited to, (PAZ), (NAG13), (NAG13)s, (NAGI18),
(NAG18)s, (NAG24), (NAG24)s, (NAG25), (NAG25)s, (NAG26), (NAG26)s, (NAG27),
(NAG27)s, (NAG28), (NAG28)s, (NAG29). (NAG29)s, (NAG30), (NAG30)s, (NAG31),
(NAG31)s, (NAG32), (NAG32)s, (NAG33), (NAG33)s, (NAG34), (NAG34)s, (NAG35),
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(NAG35)s, (NAG36), (NAG36)s, (NAG37), (NAG37)s, (NAG38), (NAG38)s, (NAG39),
and (NAG39)s as defined in Table 7. Other targeting groups, including galactose cluster

targeting ligands, are known in the art.

In some embodiments, a linking group is conjugated to the RNAi agent. The linking group
facilitates covalent linkage of the agent to a targeting group or delivery polymer or delivery
vehicle. The linking group can be linked to the 3’ or the 5’ end of the RNAi agent sense
strand or antisense strand. In some embodiments, the linking group is linked to the RN A1
agent sense strand. In some embodiments, the linking group is conjugated to the 5’ or 3’ end
of an RNAIi agent sense strand. In some embodiments, a linking group is conjugated to the
5" end of an RNAI agent sense strand. Examples of linking groups, can include, but are not
limited to: reactive groups such a primary amines and alkynes, alkyl groups, abasic

nucleotides, ribitol (abasic ribose), and/or PEG groups.

A linker or linking group is a connection between two atoms that links one chemical group
(such as an RNAI agent) or segment of interest to another chemical group (such as a
targeting group or delivery polymer) or segment of interest via one or more covalent bonds.
A labile linkage contains a labile bond. A linkage may optionally include a spacer that
increases the distance between the two joined atoms. A spacer can further add flexibility
and/or length to the linkage. Spacers can include, but are not be limited to, alkyl groups,
alkenyl groups, alkynyl groups, aryl groups, aralkyl groups, aralkenyl groups, and aralkynyl
groups; each of which can contain one or more heteroatoms, heterocycles, amino acids,
nucleotides, and saccharides. Spacer groups are well known in the art and the preceding list

is not meant to limit the scope of the description.

Any of the AAT RNAI agent nucleotide sequences listed in Tables 2, 3, 4, or 5, whether
modified or unmodified, may contain 3’ or 5’ targeting groups or linking groups. Any of the
AAT RNAI agent sequences listed in Tables 4 or 5 which contain a 3’ or 5’ targeting group
or linking group, may alternatively contain no 3’ or 5' targeting group or linking group, or
may contain a different 3' or 5' targeting group or linking group including, but not limited
to, those depicted in Table 7. Any of the AAT RNAI agent duplexes listed in Table 2, Table
3, or Table 6, whether modified or unmodified, may further comprise a targeting group or

linking group, including, but not limited to, those depicted in Table 7, and the targeting
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group or linking group may be attached to the 3’ or 5’ terminus of either the sense strand or

the antisense strand of the AAT RNAi agent duplex.
Examples of targeting groups and linking groups are provided in Table 7. Table 5 provides
several embodiments of AAT RNAI agent sense strands having a targeting group or linking

group linked to the 5" or 3’ end.

Table 7. Structures Representing Various Modified Nucleotides, Targeting Groups, and

Linking Groups
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In each of the above structures in Table 7, NAG comprises an N-acetyl-galactosamine or
another asialoglycoprotein receptor ligand, as would be understood by a person of ordinary
skill in the art to be attached in view of the structures above and description provided herein.
For example, in some embodiments, NAG in the structures provided in Table 7 is

represented by the following structure:
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Each (NAGx) can be attached to an AAT RN Ai agent via a phosphate group (as in (NAG25),
(NAG30), and (NAG31)), or a phosphorothioate group, (as is (NAG25)s, (NAG29)s,
(NAG30)s, (NAG31)s, or (NAG37)s), or another linking group.

Phosphate group Phosphorothioate group
Other linking groups known in the art may be used.

In some embodiments, a delivery vehicle can be used to deliver an RNAi agent to a cell or
tissue. A delivery vehicle is a compound that improves delivery of the RNAi agent to a cell
or tissue. A delivery vehicle can include, or consist of, but is not limited to: a polymer, such
as an amphipathic polymer, a membrane active polymer, a peptide, a melittin peptide, a
melittin-like peptide (MLP), a lipid, a reversibly modified polymer or peptide, or a
reversibly modified membrane active polyamine. In some embodiments, the RNAi agents
can be combined with lipids, nanoparticles, polymers, liposomes, micelles, DPCs or other
delivery systems available in the art. The RNAi agents can also be chemically conjugated
to targeting groups, lipids (including, but not limited to cholesterol and cholesteryl
derivatives), nanoparticles, polymers, liposomes, micelles, DPCs (see, for example WO
2000/053722, WO 2008/0022309, WO 2011/104169, and WO 2012/083185, WO
2013/032829, WO 2013/158141, each of which is incorporated herein by reference), or

other delivery systems available in the art.

Pharmaceutical Compositions and Formulations

The AAT RNAI agents disclosed herein can be prepared as pharmaceutical compositions or
formulations. In some embodiments, pharmaceutical compositions include at least one
AAT RNAIi agent. These pharmaceutical compositions are particularly useful in the
inhibition of the expression of the target mRNA in a target cell, a group of cells, a tissue, or
an organism. The pharmaceutical compositions can be used to treat a subject having a
disease or disorder that would benefit from reduction in the level of the target mRNA, or

inhibition in expression of the target gene. The pharmaceutical compositions can be used to
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treat a subject at risk of developing a disease or disorder that would benefit from reduction
of the level of the target mRNA or an inhibition in expression the target gene. In one
embodiment, the method includes administering an AAT RNAi agent linked to a targeting
ligand as described herein, to a subject to be treated. In some embodiments, one or more
pharmaceutically acceptable excipients (including vehicles, carriers, diluents, and/or
delivery polymers) are added to the pharmaceutical compositions including an AAT RNAi
agent, thereby forming a pharmaceutical formulation suitable for in vivo delivery to a

subject, including a human.

The pharmaceutical compositions that include an AAT RNA1 agent and methods disclosed
herein decrease the level of the target mRNA in a cell, group of cells, group of cells, tissue,
or subject, including: administering to the subject a therapeutically effective amount of a
herein described AAT RN A1 agent, thereby inhibiting the expression of AAT mRNA in the

subject.

In some embodiments, the described pharmaceutical compositions including an AAT RNAi
agent are used for treating or managing clinical presentations in a subject with AATD, such
as chronic hepatitis, cirrhosis, hepatocellular carcinoma, transaminitis, cholestasis, fibrosis,
and even fulminant hepatic failure. In some embodiments, a therapeutically or
prophylactically effective amount of one or more of pharmaceutical compositions is
administered to a subject in need of such treatment. In some embodiments, administration
of any of the disclosed AAT RNAI agents can be used to decrease the number, severity,

and/or frequency of symptoms of a disease in a subject.

The described pharmaceutical compositions including an AAT RNA1 agent can be used to
treat at least one symptom in a subject having a disease or disorder that would benefit from
reduction or inhibition in expression of AAT mRNA. In some embodiments, the subject is
administered a therapeutically effective amount of one or more pharmaceutical
compositions including an AAT RNAi agent thereby treating the symptom. In other
embodiments, the subject is administered a prophylactically effective amount of one or more

AAT RNAI agents, thereby preventing the at least one symptom.



10

15

20

25

30

WO 2018/132432 PCT/US2018/013102

97

The route of administration is the path by which an AAT RNAI agent is brought into contact
with the body. In general, methods of administering drugs and nucleic acids for treatment
of a mammal are well known in the art and can be applied to administration of the
compositions described herein. The AAT RNAI agents disclosed herein can be administered
via any suitable route in a preparation appropriately tailored to the particular route. Thus,
herein described pharmaceutical compositions can be administered by injection, for
example, intravenouslv, intramuscularly, intracutaneously, subcutaneously, intraarticularly,
or intraperitoneally. In some embodiments, the herein described pharmaceutical

compositions are administered via subcutaneous injection.

The pharmaceutical compositions including an AAT RNAI1 agent described herein can be
delivered to a cell, group of cells, tissue, or subject using oligonucleotide delivery
technologies known in the art. In general, any suitable method recognized in the art for
delivering a nucleic acid molecule (in vitro or in vivo) can be adapted for use with the
compositions described herein. For example, delivery can be by local administration, (e.g.,
direct injection, implantation, or topical administering), systemic administration, or
subcutaneous, intravenous, intraperitoneal, or parenteral routes, including intracranial (e.g.,
intraventricular, intraparenchymal and intrathecal), intramuscular, transdermal, airway
(aerosol), nasal, oral, rectal, or topical (including buccal and sublingual) administration. In
certain embodiments, the compositions are administered by subcutaneous or intravenous

infusion or injection.

Accordingly, in some embodiments, the pharmaceutical compositions described herein
comprise one or more pharmaceutically acceptable excipients. The pharmaceutical

compositions described herein are formulated for administration to a subject.

As used herein, a pharmaceutical composition or medicament includes a pharmacologically
effective amount of at least one of the described AAT RNAI agents and one or more
pharmaceutically acceptable excipients. Pharmaceutically acceptable excipients
(excipients) are substances other than the Active Pharmaceutical Ingredient (API,
therapeutic product, e.g., AAT RNAI agent) that are intentionally included in the drug
delivery system. Excipients do not exert or are not intended to exert a therapeutic effect at

the intended dosage. Excipients can act to a) aid in processing of the drug delivery system
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during manufacture, b) protect, support, or enhance stability, bioavailability or patient
acceptability of the API, ¢) assist in product identification, and/or d) enhance any other
attribute of the overall safety, effectiveness, of delivery of the API during storage or use. A

pharmaceutically acceptable excipient may or may not be an inert substance.

Excipients include, but are not limited to: absorption enhancers, anti-adherents, anti-
foaming agents, anti-oxidants, binders, buffering agents, carriers, coating agents, colors,
delivery enhancers, delivery polymers, dextran, dextrose, diluents, disintegrants,
emulsifiers, extenders, fillers, flavors, glidants, humectants, lubricants, oils, polymers,
preservatives, saline, salts, solvents, sugars, suspending agents, sustained release matrices,
sweeteners, thickening agents, tonicity agents, vehicles, water-repelling agents, and wetting

agents.

Pharmaceutical compositions suitable for injectable use include sterile aqueous solutions
(where water soluble) or dispersions and sterile powders for the extemporaneous preparation
of sterile injectable solutions or dispersion. For intravenous administration, suitable carriers
include physiological saline, bacteriostatic water, Cremophor® ELTM (BASF, Parsippany,
NJ) or phosphate buffered saline (PBS). It should be stable under the conditions of
manufacture and storage and should be preserved against the contaminating action of
microorganisms such as bacteria and fungi. The carrier can be a solvent or dispersion
medium containing, for example, water, ethanol, polyol (for example, glycerol, propylene
glycol, and liquid polyethylene glycol), and suitable mixtures thereof. The proper fluidity
can be maintained, for example, by the use of a coating such as lecithin, by the maintenance
of the required particle size in the case of dispersion and by the use of surfactants. In many
cases, it will be preferable to include isotonic agents, for example, sugars, polyalcohols such
as mannitol, sorbitol, and sodium chloride in the composition. Prolonged absorption of the
injectable compositions can be brought about by including in the composition an agent

which delays absorption, for example, aluminum monostearate and gelatin.

Sterile injectable solutions can be prepared by incorporating the active compound in the
required amount in an appropriate solvent with one or a combination of ingredients
enumerated above, as required, followed by filter sterilization. Generally, dispersions are

prepared by incorporating the active compound into a sterile vehicle, which contains a basic
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dispersion medium and the required other ingredients from those enumerated above. In the
case of sterile powders for the preparation of sterile injectable solutions, methods of
preparation include vacuum drying and freeze-drying which yields a powder of the active
ingredient plus any additional desired ingredient from a previously sterile-filtered solution

thereof.

Formulations suitable for intra-articular administration can be in the form of a sterile
aqueous preparation of the drug that can be in microcrystalline form, for example, in the
form of an aqueous microcrystalline suspension. Liposomal formulations or biodegradable
polymer systems can also be used to present the drug for both intra-articular and ophthalmic

administration.

The active compounds can be prepared with carriers that will protect the compound against
rapid elimination from the body, such as a controlled release formulation, including implants
and microencapsulated delivery systems. Biodegradable, biocompatible polymers can be
used, such as ethylene vinyl acetate, polyanhydrides, polyglycolic acid, collagen,
polyorthoesters, and polylactic acid. Methods for preparation of such formulations will be
apparent to those skilled in the art. Liposomal suspensions can also be used as
pharmaceutically acceptable carriers. These can be prepared according to methods known

to those skilled in the art, for example, as described in U.S. Patent No. 4,522 811.

The AAT RNAI agents can be formulated in compositions in dosage unit form for ease of
administration and uniformity of dosage. Dosage unit form refers to physically discrete
units suited as unitary dosages for the subject to be treated; each unit containing a
predetermined quantity of active compound calculated to produce the desired therapeutic
effect in association with the required pharmaceutical carrier. The specification for the
dosage unit forms of the disclosure are dictated by and directly dependent on the unique
characteristics of the active compound and the therapeutic effect to be achieved, and the
limitations inherent in the art of compounding such an active compound for the treatment
of individuals.

A pharmaceutical composition can contain other additional components commonly found

in pharmaceutical compositions. Such additional components include, but are not limited
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to: anti-pruritics, astringents, local anesthetics, or anti-inflammatory agents (e.g.,
antihistamine, diphenhydramine, etc.). It is also envisioned that cells, tissues, or isolated
organs that express or comprise the herein defined RNAi agents may be used as
“pharmaceutical compositions.” As used herein, “pharmacologically effective amount,”
“therapeutically effective amount,” or simply “effective amount™ refers to that amount of

an RNAI agent to produce a pharmacological, therapeutic or preventive result.

Generally, an effective amount of an active compound will be in the range of from about
0.1 to about 100 mg/kg of body weight/day, e.g., from about 1.0 to about 50 mg/kg of body
weight/day. In some embodiments, an effective amount of an active compound will be in
the range of from about 0.25 to about 5 mg/kg of body weight per dose. In some
embodiments, an effective amount of an active ingredient will be in the range of from about
0.5 to about 4 mg/kg of body weight per dose. The amount administered will also likely
depend on such variables as the overall health status of the patient, the relative biological
efficacy of the compound delivered, the formulation of the drug, the presence and types of
excipients in the formulation, and the route of administration. Also, it is to be understood
that the initial dosage administered can, in some instances, be increased beyond the above
upper level to rapidly achieve the desired blood-level or tissue level, or the initial dosage

can, in some instances, be smaller than the optimum.

For treatment of disease or for formation of a medicament or composition for treatment of
a disease, the pharmaceutical compositions described herein including an AAT RNAIi agent
can be combined with an excipient or with a second therapeutic agent or treatment including,
but not limited to: a second or other RNAi agent, a small molecule drug, an antibody, an

antibody fragment, peptide and/or aptamer.

The described AAT RNA1 agents, when added to pharmaceutically acceptable excipients or
adjuvants, can be packaged into kits, containers, packs, or dispensers. The pharmaceutical

compositions described herein can be packaged in pre-filled syringes or vials.

Methods of Treatment and Inhibition of Expression
The AAT RNAI agents disclosed herein can be used to treat a subject {e.g., a human or other

mammal) having a disease or disorder that would benefit from administration of the
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compound. In some embodiments, the RNAI1 agents disclosed herein can be used to treat a
subject (e.g., a human) having AATD, or symptoms, diseases, or disorders that would
benefit from reduction or inhibition in expression of AAT mRNA, such as AATD liver
disease. The subject is administered a therapeutically effective amount of any one or more
of the AAT RNAIi agents described herein. The subject can be a human, patient, or human
patient. The subject may be an adult, adolescent, child, or infant. The described
pharmaceutical compositions including an AAT RN Ai agent can be used to provide methods
for the therapeutic treatment of diseases, such as AATD. Such methods include
administration of a pharmaceutical composition described herein to a human being or

animal.

In some embodiments, the AAT RNAI agents described herein are used to treat a subject
with AATD, including symptoms, diseases or disorders related to AATD. AATD liver
diseases or disorders include, but are not limited to, chronic hepatitis, cirrhosis,
hepatocellular carcinoma, transaminitis, cholestasis, fibrosis, and fulminant hepatic failure.
In some embodiments, the described AAT RNAI agents are used to treat at least one
symptom in a subject having AATD. The subject is administered a therapeutically effective

amount of any one or more of the described RNAI agents.

In certain embodiments, the present invention provides methods for treatment of AATD in
a patient in need thereof, comprising administering to the patient any of the AAT RNAI

agents described herein.

In some embodiments, the AAT RNAi agents are used to treat or manage a clinical
presentation of a subject with an AATD liver disease or disorder. The subject is
administered a therapeutically effective amount of one or more of the AAT RNAI agents or
AAT RNAI agent-containing compositions described herein. In some embodiments, the
method comprises administering a composition comprising an AAT RNAI agent described

herein to a subject to be treated.

In some embodiments, the gene expression level and/or mRNA level of an AAT gene in a
subject to whom a described AAT RNAI agent is administered is reduced by at least about
5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%,
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85%, 95%, 96%, 97%, 98%, 99%, or greater than 99% relative to the subject prior to being
administered the AAT RNALI agent or to a subject not receiving the AAT RNAI agent. The
gene expression level and/or mRNA level in the subject is reduced in a cell, group of cells,

and/or tissue of the subject.

In some embodiments, the protein level of AAT in a subject to whom a described AAT
RNAI agent has been administered is reduced by at least about 5%, 10%, 15%, 20%, 25%,
30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%,
98%, 99%, or greater than 99% relative to the subject prior to being administered the AAT
RNAI agent or to a subject not receiving the AAT RNAi agent. The protein level in the

subject is reduced in a cell, group of cells, tissue, blood, and/or other fluid of the subject.

In some embodiments, the Z-AAT polymer protein level in asubject having AATD to whom
a described AAT RNAi agent has been administered is reduced by at least about 5%, 10%,
15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%,
95%, 96%, 97%, 98%, 99%, or greater than 99% relative to the subject prior to being
administered the AAT RNAI agent or to a subject not receiving the AAT RNAI agent. In
some embodiments, the Z-AAT polymer protein level in a subject to whom a described
AAT RNAI agent has been administered is reduced by at least about 5%, 10%, 15%, 20%,
25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 96%,
97%, 98%, 99%, or greater than 99% relative to the subject prior to being administered the
AAT RNAI agent or to a subject not receiving the AAT RNAI agent.

A reduction in AAT gene expression, AAT mRNA, or AAT protein levels can be assessed
and quantified by general methods known in the art. The Examples disclosed herein forth
generally known methods for assessing inhibition of AAT gene expression and reduction in
AAT protein levels. The reduction or decrease in AAT mRNA level and/or protein level
(including Z-AAT polymer and/or monomer) are collectively referred to herein as a

reduction or decrease in AAT or inhibiting or reducing the expression of AAT.

Cells and Tissues and non-Human organisms
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Cells, tissues, and non-human organisms that include at least one of the AAT RNAI agents
described herein is contemplated. The cell, tissue, or non-human organism is made by

delivering the RNAI agent to the cell, tissue, or non-human organism.

The above provided embodiments and items are now illustrated with the following, non-

limiting examples.

EXAMPLES

Example 1. Identification of RNAi agent sequences and synthesis of RNAi agents

A selection process for identifying lead sequences for inhibiting expression of the AAT gene
began with in silico methods to identify conserved sequences across variants of an AAT
gene (SEQ ID NO: 1). The AAT sequence was initially screened using bioinformatics for
19-nucleotide sequences having a complementary sequence in known variants of human
AAT. Sequences known to have manufacturing challenges and those predicted to have poor
RNAI activity based on known parameters were eliminated. Sequences were then subjected
to cross-species reactivity analysis to select candidates that would cross-react with
cynomolgus monkey AAT. The sequences were also evaluated for specificity to avoid off-
target effects against the human and cynomolgus monkey genomes. One-hundred fifteen

(115) sequence families of 19-mers were selected as candidates.

The duplexes in Table 6 herein were synthesized according to the following procedures:

Synthesis

The sense and antisense strands of the AAT RNAIi agents were synthesized according to
phosphoramidite technology on solid phase used in oligonucleotide synthesis. Depending
on the scale, either a MerMade96E® (Bioautomation) or a MerMadel2® (Bioautomation)
was used. Syntheses were performed on a solid support made of controlled pore glass (CPG,
500 A or 600A, obtained from Prime Synthesis, Aston, PA, USA). All RNA and 2'-modified
RNA phosphoramidites were purchased from Thermo Fisher Scientific (Milwaukee, WI,
USA). Specifically, the following 2'-O-methyl phosphoramidites were used: (5'-O-
dimethoxytrityl-N6-(benzoyl)-2'-O-methyl-adenosine-3'-O-(2-cyanoethyl-N,N-
diisopropy-lamino)  phosphoramidite,  5'-O-dimethoxy-trityl-N4-(acetyl)-2'-O-methyl-
cytidine-3'-O-(2-cyanoethyl-N,N-diisopropyl-amino) phosphoramidite, (5'-0-
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dimethoxytrityl-N2-(isobutyryl)-2'-O-methyl-guanosine-3'-O-(2-cyano-ethyl-N,N-
diisopropylamino)phosphoramidite, and 5'-O-dimethoxy-trityl-2'-O-methyl-uridine-3'-O-
(2-cyanoethyl-N,N-diisopropylamino)phosphoramidite. The 2’-deoxy-2'-fluoro-
phosphoramidites carried the same protecting groups as the 2’-O-methyl RNA amidites.
The following UNA phosphoramidites were used: 5'-(4,4'-Dimethoxytrityl)-N-benzoyl-
2’ 3'-seco-adenosine, 2'-benzoyl-3'-[(2-cyanoethyl)-(N ,N-diisopropyl)]-phosphor-amidite,
5'-(4,4'-Dimethoxytrityl)-N-acetyl-2’,3’-seco-cytosine, 2'-benzoyl-3'-[(2-cyanoethyl)-
(N.N-diiso-propyl)]-phosphoramidite,  5'-(4,4'-Dimethoxytrityl)-N-isobutyryl-2’,3'-seco-
guanosine, 2'-benzoyl-3'-[(2-cyanoethyl)-(N N-diisopropyl)]-phosphoramidite, and 5'-
(4,4'-Dimethoxy-trityl)-2',3’-seco-uridine, ~ 2'-benzoyl-3'-[(2-cyanoethyl)-(N.N-  diiso-
propyl)]-phosphoramidite.

Targeting ligand-containing  phosphoramidites were dissolved in anhydrous
dichloromethane or anhydrous acetonitrile (50 mM), while all other amidites were dissolved
in anhydrous acetonitrile (50 mM) and molecular sieves (3A) were added. 5-Benzylthio-
1H-tetrazole (BTT, 250 mM in acetonitrile) or 5-Ethylthio-1H-tetrazole (ETT, 250 mM in
acetonitrile) was used as activator solution. Coupling times were 10 min (RNA), 15 min
(targeting ligand), 90 sec (2'OMe), and 60 sec (2'F). In order to introduce phosphorothioate
linkages, a 100 mM solution of 3-phenyl 1,2,4-dithiazoline-5-one (POS, obtained from
PolyOrg, Inc., Leominster, MA, USA) in anhydrous Acetonitrile was employed.

Cleavage and Deprotection of Support Bound Oligomers.

After finalization of the solid phase synthesis, the dried solid support was treated with a 1:1
volume solution of 40 wt. % methylamine in water and 28% ammonium hydroxide solution
(Aldrich) for two hours at 30°C. The solution was evaporated and the solid residue was

reconstituted in water (see below).

Purification

Crude oligomers were purified by anionic exchange HPLC using a TKSgel SuperQ-5PW
13u column and Shimadzu LC-8 system. Buffer A was 20 mM Tris, 5 mM EDTA, pH 9.0
and contained 20% Acetonitrile and buffer B was the same as buffer A with the addition of
1.5 M sodium chloride. UV traces at 260 nm were recorded. Appropriate fractions were

pooled then run on size exclusion HPLC using a GE Healthcare XK 16/40 column packed
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with Sephadex G-25 medium with a running buffer of 100mM ammonium bicarbonate, pH
6.7 and 20% Acetonitrile.

Annealing

Complementary strands were mixed by combining equimolar RNA solutions (sense and
antisense) in 0.2x PBS (Phosphate-Buffered Saline, 1%, Corning, Cellgro) to form the RNAi
agents. This solution was placed into a thermomixer at 70°C, heated to 95°C, held at 95°C
for 5 min, and cooled to room temperature slowly. Some RNAi agents were lyophilized and
stored at —15 to —25°C. Duplex concentration was determined by measuring the solution
absorbance on a UV-Vis spectrometer in 0.2x PBS. The solution absorbance at 260 nm was
then multiplied by a conversion factor and the dilution factor to determine the duplex
concentration. Unless otherwise stated, all conversion factor was 0.037 mg/(mL-cm). For
some experiments, a conversion factor was calculated from an experimentally determined

extinction coefficient.

Example 2. In Vitro Testing of AAT RNAi Agents

Candidate sequence duplexes were tested in vifro. The antisense strand sequences and sense
strand sequences were annealed to form duplexes of 21-mer strands (having 19 base pairs
and a di-nucleotide UU overhang on each 3' end) for in vitro testing, as shown in the

following Table 8:
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AAT RNAI agents were evaluated by transfection of Hep3B cells, a human hepatocellular

carcinoma line. Cells were plated at ~10,000 cells per well in 96-well format, and each of

the 115 AAT RNAI agent duplexes was transfected at three concentrations (10 nM, 1 nM,

and 0.1 nM), using LipoFectamine RNAiMax (Thermo Fisher) transfection reagent.

Relative expression of each of the 115 AAT RNAI agents was determined by qRT-PCR by

comparing the expression levels of AAT mRNA to an endogenous control, and normalized

to untreated Hep3B cells (AACT analysis), as shown in Table 9.

Table 9. In Vitro Data from Duplexes of Example 2

Duplex ID No. Avg. Rel. Avg. Rel. Avg. Rel.
(From Table 8) Exp.10nM  Exp.1nM Exp. 0.1 nM
D1 1.037 0.896 0.709
D2 0.068 0.089 0.381
D3 0.046 0.064 0.403
D4 0.075 0.090 0.391
D5 0.408 0.424 0.743
D6 0.018 0.032 0.347
D7 0.069 0.125 0.666
D8 0.092 0.193 0.794
D9 0.206 0.228 0.839
D10 0.023 0.032 0.235
D11 0.309 0.522 0.894
D12 0.049 0.092 0.732
D13 0.549 0.665 0.955
D14 0.531 0.654 0.934
D15 0.108 0.197 0.820
D16 0.558 0.516 0.834
D17 0.626 0.606 0.841
D18 0.668 0.703 0.778
D19 0.624 0.803 0.785
D20 0.071 0.080 0.506
D21 0.022 0.037 0.345
D22 0.086 0.127 0.588
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Duplex ID No. Avg. Rel. Avg. Rel. Avg. Rel.
(From Table 8) Exp.10nM  Exp. 1 nM Exp. 0.1 nM
D23 0.175 0.238 0.893
D24 0.134 0.078 0.368
D25 0.056 0.075 0.687
D26 0.122 0.196 0.756
D27 0.517 0.560 0.846
D28 0.801 0.838 0.884
D29 0.820 0.870 0.903
D30 0.558 0.632 0.879
D31 1.112 1.110 0.922
D32 0.246 0.359 1.041
D33 0.107 0.355 0.967
D34 0.096 0.170 0.962
D35 0.317 0.552 0.949
D36 0.064 0.134 0.873
D37 0.463 1.005 1.006
D38 0.428 0.688 0.486
D39 0.730 0.918 1.258
D40 0.059 0.067 0.912
D41 0.093 0.095 0.952
D42 0.582 0.665 0.944
D43 0.196 0.283 1.004
D44 0.195 0.278 0.860
D45 0.053 0.103 0.817
D46 0.082 0.127 1.034
D47 0.089 0.156 0.821
D48 0.735 0.695 0.838
D49 0.604 0.610 0.838
D50 0.543 0.633 0.806
D51 0.114 0.144 0.775
D52 0.108 0.203 0.836
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Duplex ID No. Avg. Rel. Avg. Rel. Avg. Rel.
(From Table 8) Exp.10nM  Exp. 1 nM Exp. 0.1 nM
D33 1.062 0.836 0.931
D54 0.091 0.274 1.081
D55 0.526 0.623 0.914
D56 0.500 0.588 0.884
D57 0.049 0.126 0.797
D58 0.198 0.302 0.917
D59 0.732 0.745 0.953
D60 0.389 0.580 0.897
D61 0.585 0.624 1.802
D62 0.174 0.215 1.115
D63 0.093 0.074 0.917
D64 0.133 0.133 1.055
D65 0.395 0.362 0.986
D66 0.054 0.055 1.083
D67 0.105 0.118 1.018
D68 0.106 0.122 1.290
D69 0.201 0.194 1.062
D70 0.050 0.048 0.709
D71 0.231 0.216 0.767
D72 0.046 0.030 0.737
D73 0.521 0.423 0.782
D74 0.479 0.467 0.694
D75 0.531 0.583 0.794
D76 0.210 0.285 0.924
D77 0.152 0.181 0.803
D78 0.425 0.485 0.703
D79 0.120 0.127 0.711
D80 0.203 0.167 0.672
D81 0.477 0.402 0.611
D82 0.540 0.489 0.661
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Duplex ID No. Avg. Rel. Avg. Rel. Avg. Rel.
(From Table 8) Exp.10nM  Exp. 1 nM Exp. 0.1 nM
D83 0.315 0.316 0.838
D84 0.135 0.118 0.375
D85 0.209 0.270 1.050
D86 0.120 0.136 0.928
D87 0.172 0.207 1.056
D88 0.218 0.308 1.006
D89 0.605 0.643 0.925
D90 0.205 0.259 0.927
D91 0.594 1.097 1.052
D92 0.337 0.887 1.015
D93 0.068 0.503 0.864
D94 0.067 0.475 0.811
D95 0.186 0.770 0.931
D96 0.062 0.389 0.550
D97 0.066 0.470 0.896
D98 0.567 0.998 1.044
D99 0.451 1.092 1.359
D100 0.292 0.745 0.875
D101 0.049 0.320 0.659
D102 0.313 0.799 0.732
D103 0.068 0.541 0.630
D104 0.077 0.552 0.682
D105 0.071 0.355 0.459
D106 1.179 1.117 1.076
D107 0.328 0.597 0.876
D108 0.125 0.467 0.573
D109 0.141 0.545 0.753
D110 0.076 0.497 0.778
D111 0.132 0.511 0.634
D112 0.216 0.586 0.784
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Duplex ID No. Avg. Rel. Avg. Rel. Avg. Rel.
(From Table 8) Exp.10nM  Exp. 1 nM Exp. 0.1 nM
D113 0.462 0.687 1.021
D114 0.507 0.792 1.170
D115 0.259 0.797 1.027

Example 3. In Vivo Testing of NAG-Conjugated AAT RNAi Agents in PiZ Mice.

A transgenic PiZ mouse model (PiZ mice) was used to evaluate AAT RNAIi agents in vivo.
PiZ mice harbor the human PiZ AAT mutant allele and model human AATD (Carlson et
al., Journal of Clinical Investigation 1989).

NAG-conjugated AAT RNAI agents were prepared in a pharmaceutically acceptable saline
buffer and administered to PiZ mice to evaluate knockdown of AAT gene expression. On
day 1, each mouse received a single subcutaneous (SQ) dose into the loose skin on the back
between the shoulders of 5.0 mg/kg (mpk) of either AD04446, AD04447, AD04448,
ADO04449, AD04450, AD04451, AD04454, AD04455, AD04456, AD04457, AD04458, or
ADO04459. (See Tables 4-7 for the modified AAT RNAIi agents and NAG ligand structures).
AAT RNAI agents AD04451 and AD04459 included a modified nucleotide antisense strand
sequence designed to target an AAT gene (SEQ ID NO: 1) at position 1000; AAT RNAi
agents AD04446 and AD04454 included a modified nucleotide antisense strand sequence
designed to target an AAT gene (SEQ ID NO: 1) at position 1142; AAT RNAIi agents
ADO04447 and AD04455 included a modified nucleotide antisense strand sequence designed
to target an AAT gene (SEQ ID NO: 1) at position 1211; AAT RNAi agents AD04448 and
ADO04456 included a modified nucleotide antisense strand sequence designed to target an
AAT gene (SEQ ID NO: 1) at position 1326; AAT RNAIi agents AD04449 and AD04457
included a modified nucleotide antisense strand sequence designed to target an AAT gene
(SEQ ID NO: 1) at position 1338; and AAT RNAi agents AD04450 and AD04458 included
a modified nucleotide antisense strand sequence designed to target an AAT gene (SEQ ID
NO: 1) at position 1427. (See also Tables 1 and 2). Three mice were dosed with each AAT
RNAI agent (n = 3).

Plasma samples were drawn and analyzed for AAT (Z-AAT) protein levels on day 1 (pre-
dose), day 8, day 15, day 22, day 29, and day 36. AAT levels were normalized to day 1
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(pre-dose) AAT plasma levels. Protein levels were measured by quantifying circulating
human Z-AAT levels in plasma by a commercially available ELISA kit according to the
manufacturer’s recommendations. The average normalized AAT (Z-AAT) levels for each

RNAI agent are reported in the following Table 10:
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As shown from the data in Table 10, above, while AAT RNAi agent AD04447 showed
essentially no reduction in AAT protein, AAT RNAi agents AD04458 (which included a
modified nucleotide sequence designed to target an AAT gene (SEQ ID NO: 1) at position
1427) and AD04459 (which included a modified nucleotide sequence designed to target an
AAT gene (SEQ ID NO: 1) at position 1000) showed a substantial reduction in AAT protein
across all timepoints. For example, AD04458 showed knockdown of approximately 69%
at day 8 (0.308); approximately 83% at day 15 (0.174), and approximately 82% at day 22
(0.177). Additionally, for example, AD04459 showed a knockdown of approximately 74%
at day 8 (0.256), approximately 87% at day 15 (0.134), and approximately 83% at day 22
(0.174).

Example 4. In Vivo Testing of NAG-Conjugated AAT RNAi Agents in Cynomolgus
Monkeys

NAG-conjugated AAT RNAi agents were made and combined in a pharmaceutically
acceptable saline buffer as known in the art for subcutaneous (SC) injection. On day 1,
cynomolgus macaque (Macaca fascicularis) primates (referred to herein as “cynos™ or
“monkeys™) were injected subcutaneously with 3 mg/kg of either AD04824, AD04825,
ADO04826, or AD04827 (see Tables 4-7 for the modified AAT RNAI agents and NAG ligand
structures). Each of these AAT RNAI agents included a modified nucleotide sequence
designed to target an AAT gene (SEQ ID NO: 1) at position 1000, and was cross-reactive

with cynos. Three monkeys in each group were tested (n=3).

Serum samples from treated cynomolgus monkeys were taken on day -7 and day 1 (pre-
dose), and on days 8, 15, 22, and 29 to monitor knockdown. Day 36 was also measured for
cynos that were injected with AD04825 and AD04826. At the indicated time points, blood
samples were drawn and analyzed for cynomolgus monkey AAT (cAAT). Blood was
collected from the femoral vein. cAAT levels were determined on a Cobas Integra 400 Plus
(Roche Diagnostics) according to the manufacturer’s recommendations. AAT levels for
each animal at a respective time point was divided by the pre-treatment level (average of
day -7 and day 1 (pre-dose)) of expression in that animal to determine the ratio of expression

“normalized to pre-dose.”

Normalized cynomolgus monkey AAT (cAAT) protein levels after treatment with each
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respective AAT RNAI agent are reported in the following Table 11:
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Average normalized cAAT levels for each of the respective treatment groups is shown in
the bar graph of Figure 9. As illustrated in Table 11, above, and in Figure 9, each of the
AAT RNAI agents tested showed substantial knockdown of cAAT in cynomolgus monkeys

across all time points measured.

Example S. In Vivo Testing of NAG-Conjugated AAT RNAi Agents in Cynomolgus
Monkeys

NAG-conjugated AAT RNAi agents were made and combined in a pharmaceutically
acceptable saline buffer as known in the art for subcutaneous (SC) injection. On day 1,
cynomolgus macaque (Macaca fascicularis) primates were injected subcutaneously with 3
mg/kg of either AD04828, AD04831, AD04836, or AD04837 (see Tables 4-7 for the
modified AAT RNAIi agents and NAG ligand structures). Each of these AAT RNAI agents
included a modified nucleotide sequence designed to target an AAT gene (SEQ ID NO: 1)
at position 1000, and was cross-reactive with cynos. Three monkeys in each group were
tested (n=3) for AD04828 and AD04831, and two monkeys in each group were tested (n=2)
for AD04836 and AD04837.

Serum samples from treated cynos were taken on day -35 and day 1 (pre-dose), and on days
8, 15, 21, and 29 to monitor knockdown. At the indicated time points, blood samples were
drawn and analyzed for cAAT. Blood was collected from the femoral vein. cAAT levels
were determined on a Cobas Integra 400 Plus (Roche Diagnostics) according to the
manufacturer’s recommendations. cAAT levels for each animal at a respective time point
was divided by the pre-treatment level (average of day -35 and day 1 (pre-dose)) of

expression in that animal to determine the ratio of expression “normalized to pre-treatment”.

Normalized cynomolgus monkey AAT (cAAT) protein levels after treatment with each

respective AAT RNAI agent are reported in the following Table 12:
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Average normalized cAAT levels for each of the respective treatment groups is shown in
the bar graph of Figure 10. As shown above in Table 12, as well as in the bar graph of
Figure 10, each of the AAT RNAI agents tested showed substantial knockdown of cAAT in

cynomolgus monkeys across all time points measured.

Example 6. In Vivo Testing of NAG-Conjugated AAT RNAi Agents in PiZ Mice

The transgenic PiZ mouse model (PiZ mice) as set forth in Example 3 was used to evaluate
AAT RNAIi agents in vivo. NAG-conjugated AAT RNAi agents were prepared in a
pharmaceutically acceptable saline buffer and administered to PiZ mice to evaluate
knockdown of AAT gene expression. On day 1, each mouse received a single subcutaneous
(SQ) dose into the loose skin on the back between the shoulders of 2.0 mg/kg (mpk) of either
ADO04824, AD04828, AD04829, AD04830, AD04831, AD04832, AD04833, AD04834,
ADO04836, AD04837, AD04838, AD04839, or AD04857. (See Tables 4-7 for the modified
AAT RNAI agents and NAG ligand structures). Each of the AAT RN Ai agents in this study
included a modified nucleotide antisense strand sequence designed to target an AAT gene
(SEQ ID NO: 1) at position 1000. (See also Tables 1 and 2). Three mice were dosed with
each AAT RNAI agent (n = 3).

Plasma samples were drawn and analyzed for AAT (Z-AAT) protein levels on days -2, day
1 (pre-dose), day 8, day 15, day 22, day 29, and day 36. AAT levels were normalized to
day 1 (pre-dose) AAT plasma levels. Protein levels were measured by quantifying
circulating human Z-AAT levels in plasma by a commercially available ELISA kit
according to the manufacturer’s recommendations. The average normalized AAT (Z-AAT)

levels for each RN Ai agent are reported in the following Table 13:
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As shown from the data in Table 13, above, each of the AAT RNAi agent showed a
substantial reduction in AAT protein through at least day 29. For example, at day 15, each
of the AAT RNAI agents tested achieved at least approximately 70% knockdown of protein

compared to pre-treatment levels, with multiple groups achieving 90% or better knockdown.

Example 7. In Vivo Testing of NAG-Conjugated AAT RNAi Agents in PiZ Mice

The transgenic PiZ mouse model described in Example 3 was used. Each mouse was 5
weeks old at the beginning of the study. NAG-conjugated AAT RNAI agents were prepared
in a pharmaceutically acceptable saline buffer and administered to PiZ mice to evaluate
knockdown of AAT gene expression. Starting on day 1, each mouse received a
subcutaneous (SQ) dose q2w (i.e., one injection every two weeks, for a total of 4 injections)
into the loose skin on the back between the shoulders of 4.0 mg/kg (mpk) of either: (1) saline
vehicle; (2) AD04837 (see Tables 4-7 for the modified AAT RNAi agent and NAG ligand
structures), which as noted previously included a modified nucleotide antisense strand
sequence designed to target an AAT gene (SEQ ID NO: 1) at position 1000; or (3) a NAG-
conjugated RNAi agent that included a nucleotide sequence targeting the HBV gene, to be
used as anegative control. Single subcutaneous injections for the saline vehicle group, AAT
RNAI agent group, and HBV RNAIi agent group were performed on days 1, 15, 29, and 43.
Seven (7) mice were dosed q2w with the saline vehicle (Group 1); nine (9) mice were dosed
q2w with the AAT RNAIi agent (Group 2); and six (6) mice were dosed with the HBV RNAi
agent (Group 3). The mice in the three treatment groups were sacrificed on day 57 (13
weeks old). In addition to the treatment groups, seven (7) mice were sacrificed at week 1

of the study (i.e., 5-week old mice) to serve as a baseline control.

Plasma samples were drawn and analyzed for AAT (Z-AAT) protein levels on day 1 (pre-
dose), day 8, day 15, day 22, day 29, and day 36 for all groups. Additional samples for the
AAT RNAI agent group and the saline vehicle group were drawn on day 43, day 50, and
day 57. AAT levels were normalized to day 1 (pre-dose) AAT plasma levels. Protein levels
were measured by quantifying circulating human Z-AAT levels in plasma by a
commercially available ELISA kit according to the manufacturer’s recommendations. The
average normalized AAT (Z-AAT) levels for the saline vehicle and each RNAi agent are
reported in the following Table 14:
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As shown from the data in Table 14, above, the HBV RNAI agent performed successfully
as anegative control showing essentially no AAT inhibition. Further, the NAG-conjugated
AAT RNAI agent (AD04837) achieved significant knockdown of expression compared to
saline and the HBV RNAI agent negative control across all timepoints. In dosing q2w, the
AAT RNAI agentin Example 7 showed a knockdown of approximately 96% of AAT protein
at day 36 (0.040) and maintained a similar level of knockdown through day 57.

In addition to monitoring serum AAT levels, homogenized liver tissue from PiZ mice treated
with NAG-conjugated AAT RNAIi agent (AD04837) was further analyzed to determine if
both soluble Z-AAT (which is expected to be predominantly monomeric protein), and
insoluble polymers of Z-AAT (which is expected to be polymeric protein) were effectively
reduced. A modified western blot protocol was used to separate the soluble and insoluble
Z-AAT fractions under non-denaturing conditions as previously described and known in the

art (see, e.g., Mueller et al., Molecular Therapy, March 2012, 20(3): 590-600).

A western blot was prepared to examine certain livers of the sacrificed mice. Specifically,
livers were examined of (i) 6 baseline mice; (ii) 5 AAT RNAIi agent mice; and (iii) 4 saline
mice. (The gels used for the western blot analysis included 15 wells). The samples for the
animals used for this western blot were randomly selected from the various groups. Figures
11 and 12 show bar graphs reflecting the Z-AAT polymer and Z-AAT monomer levels

quantified from the western blot analysis.

As seen from the bar graph in Figure 11, which reports the monomeric protein levels, when
compared to baseline each of the mice dosed with AAT RNAi agent shown a significant
reduction in AAT monomeric protein across all time points, indicating significant inhibition
of the gene. Further, as shown in Figure 12, which reports the polymeric protein levels, the
animals treated with the saline vehicle continued to have increased polymeric AAT burden
after 8 weeks. Conversely, the animals treated with AAT RNAIi agent showed a reduction
in polymeric burden of approximately 50% over the course of 8§ weeks as compared to the
baseline (5-week-old) mice, indicating that the administration of NAG-conjugated AAT
RNAI agent (AD04837) is capable of preventing and potentially reversing the production
of polymeric AAT protein.
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Example 8. In Vivo Testing of NAG-Conjugated AAT RNAi Agents in PiZ Mice

The transgenic PiZ mouse model described in Example 3 was used to evaluate RNAi agents
in vivo. Each mouse received a single subcutaneous (SQ) dose on day 1 into the loose skin
on the back between the shoulders of either: (1) saline; (2) 1.0 mg/kg of the NAG-conjugated
AAT RNAI agent of AD04837 (which includes a modified nucleotide antisense strand
sequence designed to target an AAT gene (SEQ ID NO: 1) at position 1000); (3) 2.0 mg/kg
of AD04837; (4) 4.0 mg/kg of AD04837; or (5) 8.0 mg/kg of AD04837. Four animals were
dosed in group 1 (saline), and all four were sacrificed on day 43. Fifteen (15) animals were
dosed in each of groups 2, 3, 4, and 5, and 3 animals from each group were sacrificed on

day 8, day 15, day 22, day 29, and day 43, respectively.

Plasma samples were drawn and analyzed for AAT (Z-AAT) protein levels on day 1 (pre-
dose), day 8, day 15, day 22, day 29, day 36, and day 43 for all groups. For the sacrificed
mice, cardiac sticks were performed for serum isolation for Z-AAT protein level assessment
(200 ul plasma). AAT levels were normalized to day 1 (pre-dose) AAT plasma levels.
Protein levels were measured by quantifying circulating human Z-AAT levels in plasma by
a commercially available ELISA kit according to the manufacturer’s recommendations. The
average normalized AAT (Z-AAT) levels for the saline vehicle and each RN A1 agent dosing
group are reported in the following Table 15:
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As shown from the datain Table 15, above, the NAG-conjugated AAT RNAi agent achieved
significant knockdown of expression compared to saline across all timepoints measured at

all dosing levels tested.

In addition, AAT mRNA levels were also assessed for the sacrificed mice at each respective
timepoint. As described above, for Groups 2 through 5 (i.e., the RNAi agent groups), 3
mice were sacrificed on each of days 8, 15, 22, 29 and 43; and for Group 1, all 4 mice were
sacrificed on day 43. Half of the left lateral liver lobe was collected and snap-frozen in

liquid nitrogen for RNA isolation.

Table 16. Relative AAT mRNA Levels in PiZ Mice Following Administration of a Single
SQ Injection of Saline or AAT RNAi Agent

. Average Relative Low High
Treatment Group Day | Animals mRNA Expression |Variance| Variance

Group 1 (saline vehicle) 43 n=4 1.000 0.071 0.076

3 n=3 0.412 0.080 | 0.099

15 n=3 0.419 0.037 | 0.040

Group 2 (1.0 mg/kg 9 n=3 0.483 0.066 | 0.076
AD04837)

29 n=3 0.696 0.069 | 0.076

43 n=3 0.813 0.103 | 0.118

3 n=3 0.272 0.101 | 0.160

15 n=3 0.235 0.039 | 0.046

Group 3 (2.0 mg/kg 9 n=3 0.327 0.09 | 0.141
AD04837)

29 n=3 0.587 0.155 | 0210

43 n=3 0.845 0.123 | 0.145

3 n=3 0.129 0.025 | 0031

15 n=3 0.161 0.017 | 0.020

Group 4 (4.0 mg/kg 9 n=3 0.222 0.048 | 0.061
AD04837)

29 n=3 0.247 0.067 | 0.093

43 n=3 0.454 0.051 | 0.057

3 n=3 0.078 0.013 | 0015

Group 5 (8.0 me/kg 15 n=3 0.055 0.014 | 0019

AD04837) 9 n=3 0.077 0.009 | 0.010

29 n=3 0.116 0.038 | 0.056
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. Average Relative Low High
Treatment Group Day | Animals mRNA Expression |Variance| Variance
43 n=3 0.332 0.122 0.193

As shown in Table 16, above, relative AAT mRNA expression levels were significantly
reduced across all timepoints measured compared to saline vehicle. For example, on day
15, Group 2 (1.0 mg/kg AAT RNAI agent) showed approximately 58% reduction of AAT
mRNA levels (0.419); Group 3 (2.0 mg/kg AAT RNAI agent) showed approximately 67%
reduction of AAT mRNA levels (0.327); Group 4 (4.0 mg/kg AAT RNAI agent) showed
approximately 84% reduction of AAT mRNA levels (0.161); and Group 5 (8.0 mg/kg AAT
RNAI agent) showed approximately 94% reduction of Z-AAT mRNA levels (0.055) upon
a single SQ dose at day 1.

OTHER EMBODIMENTS
It is to be understood that while the invention has been described in conjunction with the
detailed description thereof, the foregoing description is intended to illustrate and not limit
the scope of the invention, which is defined by the scope of the appended claims. Other

aspects, advantages, and modifications are within the scope of the following claims.
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CLAIMS

1. An RNAI agent for inhibiting the expression of an alpha-1 antitrypsin (AAT) gene
comprising:

(a) an antisense strand that comprises the nucleotide sequence selected from the
group consisting of (5'>3"):
(i) usGfsusUfaAfaCfaUfgCfcUfaAfaCfgusu (SEQ ID NO: 913);
(i) usGfsusUfaAfaCfaUfgCfcUfaAfaCfgcusu (SEQ ID NO: 958);
(iii) usGfsuUfaAfaCfaUfgCfcUfaAfaCfgsCfsg (SEQ ID NO: 959); and (iv)
usGfsuUfaAfacaugCfcUfaAfaCfgCfsu (SEQ ID NO: 960);

wherein, a, ¢, g, and u are 2'-O-methyl adenosine, cytidine, guanosine, or uridine,
respectively; Af, Cf, Gf, and Uf are 2'-fluoro adenosine, cytidine, guanosine, or uridine,
respectively; and s is a phosphorothioate linkage; and

(b) a sense strand that is at least substantially complementary to the antisense strand,
wherein all or substantially all of the nucleotides on the sense strand are modified
nucleotides; and

wherein the sense strand is linked to a targeting group that comprises N-acetyl-
galactosamine.

2. The RNAI agent of claim 1, wherein the sense strand is no more than 30 nucleotides
in length, and the antisense strand is no more than 30 nucleotides in length.

3. The RNAI agent of claim 2, wherein the sense strand is no more than 24 nucleotides
in length, and the antisense strand is no more than 24 nucleotides in length.

4. The RNAI agent of claim 3, wherein the sense strand and the antisense strand are each
between 21 and 24 nucleotides in length.

5. The RNAI agent of claim 4, wherein the sense strand and the antisense strand are each
21 nucleotides in length.

6. The RNAI agent of claim 1, wherein the RNAI agent has two blunt ends.

7. The RNAI agent of claim 1, wherein the targeting group comprises an N-acetyl-
galactosamine trimer.

8. The RNAI agent of claim 1, wherein the targeting group has a structure selected from
the group consisting of: (NAG25), (NAG25)s, (NAG26), (NAG26)s, (NAG27), (NAG2T7)s,
(NAG28), (NAG28)s, (NAG29), (NAG29)s, (NAG30), (NAG30)s, (NAG31), (NAG31)s,
(NAG32), (NAG32)s, (NAG33), (NAG33)s, (NAG34), (NAG34)s, (NAG35), (NAG35)s,
(NAG36), (NAG36)s, (NAG37), (NAG3T7)s, (NAG38), (NAG38)s, (NAG39), (NAG39)s.

9. The RNAI agent of claim 7, wherein the RNAI agent comprises a targeting group that
is conjugated to the 5' terminal end of the sense strand.
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10.  The RNAI agent of claim 1, wherein the sense strand comprises the sequence (5'>3")
agcguuuaGfGfCfauguuuaaca (SEQ ID NO: 1279), wherein a, ¢, g, and u are 2'-O-methyl
adenosine, cytidine, guanosine, or uridine, respectively; Af, Cf, Gf, and Uf are 2'-fluoro
adenosine, cytidine, guanosine, or uridine, respectively; s is a phosphorothioate linkage; and
wherein optionally present on the sense strand is one or two inverted abasic deoxyribose
residues (invAb) and/or one, two, three, or four phosphorothioate internucleoside linkages.

11.  The RNAI agent of claim 10, wherein the sense strand comprises the sequence
(5'2>3") (NAG37)s(invAb)sagcguuuaGfGfCfauguuuaacas(invAb) (SEQ ID NO: 1033),
wherein g, ¢, g, and u are 2'-O-methyl adenosine, cytidine, guanosine, or uridine,
respectively; Af, Cf, Gf, and Uf are 2'-fluoro adenosine, cytidine, guanosine, or uridine,
respectively; s is a phosphorothioate linkage; (invAb) is an inverted abasic deoxyribose
residue, and (NAG37)s has the following chemical structure:
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12.  The RNAI agent of claim 11, wherein the RNAI agent has the duplex structure of
ADO04837 (SEQ ID NOs: 960 and 1033).

13.  The RNAI agent of claim 1, wherein the sense strand comprises the sequence (5'>3")
cguuuaGfGfCfauguuuaacausu (SEQ ID NO: 1276), wherein g, ¢, g, and u are 2'-O-methyl
adenosine, cytidine, guanosine, or uridine, respectively; Af, Cf, Gf, and Uf are 2'-fluoro
adenosine, cytidine, guanosine, or uridine, respectively; s is a phosphorothioate linkage; and
wherein optionally present on the sense strand is one or two inverted abasic deoxyribose
residues (invAb) and/or one, two, three, or four phosphorothioate internucleoside linkages.

14.  The RNAI agent of claim 13, wherein the sense strand comprises the sequence
(5'=>3") (NAG37)s(invAb)scguuuaGfGfCfauguuuaacausu(invAb) (SEQ ID NO: 1028),
wherein a, ¢, g, and u are 2'-O-methyl adenosine, cytidine, guanosine, or uridine,
respectively; Af, Cf, Gf, and Uf are 2'-fluoro adenosine, cytidine, guanosine, or uridine,
respectively; s is a phosphorothioate linkage; (invAb) is an inverted abasic deoxyribose
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residue, and (NAG37)s has the following chemical structure:
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15.  The RNAI agent of claim 14, wherein the RNAI agent has the duplex structure of
AD04828 (SEQ ID NOs: 913 and 1028).

16.  The RNAI agent of claim 1, wherein the sense strand comprises the sequence (5'>3")
gcguuuaGfGfCfauguuuaacausu (SEQ ID NO: 1277), wherein a, c, g, and u are 2'-O-methyl
adenosine, cytidine, guanosine, or uridine, respectively; Af, Cf, Gf, and Uf are 2'-fluoro
adenosine, cytidine, guanosine, or uridine, respectively; s is a phosphorothioate linkage; and
wherein optionally present on the sense strand is one or two inverted abasic deoxyribose
residues (invAb) and/or one, two, three, or four phosphorothioate internucleoside linkages.

17.  The RNAI agent of claim 1, wherein the sense strand comprises the sequence (5'>3")
(NAG37)s(invAb)sgcguuuaGfGfCfauguuuaacausu(invAb) (SEQ ID NO: 1030), wherein a, c,
g, and u are 2'-O-methyl adenosine, cytidine, guanosine, or uridine, respectively; Af, Cf, Gf,
and Uf are 2'-fluoro adenosine, cytidine, guanosine, or uridine, respectively; s is a
phosphorothioate linkage; (invAb) is an inverted abasic deoxyribose residue, and (NAG37)s
has the following chemical structure:
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18.  The RNAI agent of claim 17, wherein the RNAI agent has the duplex structure of
ADO04831 (SEQ ID NOs: 958 and 1030).

19.  The RNAI agent of claim 1, wherein the sense strand comprises the sequence (5'=>3")
cgcguuuaGfGfCfauguuuaaca (SEQ ID NO: 1278), wherein a, ¢, g, and u are 2'-O-methyl
adenosine, cytidine, guanosine, or uridine, respectively; Af, Cf, Gf, and Uf are 2'-fluoro
adenosine, cytidine, guanosine, or uridine, respectively; s is a phosphorothioate linkage; and
wherein optionally present on the sense strand is one or two inverted abasic deoxyribose
residues (invAb) and/or one, two, three, or four phosphorothioate internucleoside linkages.

20.  The RNAI agent of claim 19, wherein the sense strand comprises the sequence
(5'2>3") (NAG37)s(invAb)scgcguuuaGfGfCfauguuuaacas(invAb) (SEQ ID NO: 1024),
wherein a, ¢, g, and u are 2'-O-methyl adenosine, cytidine, guanosine, or uridine,
respectively; Af, Cf, Gf, and Uf are 2'-fluoro adenosine, cytidine, guanosine, or uridine,
respectively; s is a phosphorothioate linkage; (invAb) is an inverted abasic deoxyribose
residue, and (NAG37)s has the following chemical structure:
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21.  The RNAI agent of claim 20, wherein the RNAI agent has the duplex structure of
ADO04836 (SEQ ID NOs: 959 and 1024).

22. A composition comprising the RNAI agent of claim 1, and at least one
pharmaceutically acceptable excipient.

23.  The composition of claim 22, wherein the composition is packaged in a kit, container,
pack, dispenser, pre-filled syringes, or vials.

24.  The composition of claim 22, wherein the composition is formulated for
administration by subcutaneous injection.

25.  Use of a composition of claim 22 in the manufacture of a medicament for inhibiting
the expression of an AAT gene in a subject.

26.  Use of a composition of claim 22 in the manufacture of a medicament for the
treatment of alpha-1 antitrypsin deficiency (AATD) in a subject.

27.  Use of a composition of claim 22 in the manufacture of a medicament for the
treatment of a condition or disease caused by alpha-1 antitrypsin deficiency (AATD) in a
subject.

28. A composition comprising the RNAI agent of claim 12, and at least one
pharmaceutically acceptable excipient.
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29. A composition comprising the RNAI agent of claim 15, and at least one
pharmaceutically acceptable excipient.

30. A composition comprising the RNAI agent of claim 18, and at least one
pharmaceutically acceptable excipient.

31. A composition comprising the RNAI agent of claim 20, and at least one
pharmaceutically acceptable excipient.

32.  The RNAI agent of claim 1, wherein the RNAI agent has the duplex structure of SEQ
ID NOs: 960 and 1279.

33.  The RNAi agent of claim 1, wherein the RNAI agent has the duplex structure of
sequence pairs SEQ ID NOs: 913 and 1276.

34.  The RNAI agent of claim 1, wherein the RNAI agent has the duplex structure of
sequence pairs SEQ ID NOs: 958 and 1277.

35.  The RNAI agent of claim 1, wherein the RNAI agent has the duplex structure of
sequence pairs SEQ ID NOs: 959 and 1278.

36. Use of a composition of claim 28 in the manufacture of a medicament for the
treatment of alpha-1 antitrypsin deficiency (AATD), including the treatment of a condition or
disease caused by or attributable to AATD.

37. Use of a composition of claim 29 in the manufacture of a medicament for the
treatment of alpha-1 antitrypsin deficiency (AATD), including the treatment of a condition or
disease caused by or attributable to AATD.

38. Use of a composition of claim 30 in the manufacture of a medicament for the
treatment of alpha-1 antitrypsin deficiency (AATD), including the treatment of a condition or
disease caused by or attributable to AATD.

39. Use of a composition of claim 31 in the manufacture of a medicament for the
treatment of alpha-1 antitrypsin deficiency (AATD), including the treatment of a condition or
disease caused by or attributable to AATD.



