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Compeositions And Metheds For Inbibition Of
HAOGT (Hydroxyacid Oxidase 1 (Glycolate Oxidase}) Gene Expression

{ross Reference to Related Applications
This application claims the benefit of U.S. Provisional Application No. 62/062,751,
filed October 10, 2014, and U.S. Provisional Application No. 62/147.976, filed April 15,
2015, and U.S. Provisional Apphication No. 62/214,602, filed September 4, 2015, cach of

which is hereby incorporated in ts entirety by reference.
Sequence Listing

The instant application contains 2 Sequence Listing which has been submitted
electronically in ASCH format and is hereby incorporated by reference in its entirety. Said
ASCH copy, created on October 8, 2015, is named 30864PCT CRF sequencelisting. txt and
ig 735,705 bytes in size,

Backgroond of the Invention

Primary Hyperoxaluria Type 1 (PH1} is an autosomal recessive disorder of glyoxyiate
metabolism. Hepatic glvoxylate detoxification is impaired due to nutation of the AGXT
gene, which encodes the Hiver peroxisomal alamine-glyoxylate aminotransferase (AGT)
enzyme. AGTI is the final enzyme in the metabolic breakdown of hydroxyproline. Loss of
AGT function to convert the mtermediate metabolite glvoxylate to ghycine causes
accumulation and reduction of glvoxylate to glycolate which is oxidized to oxalate by the

enzyme glycolate oxidase {G0), also known as hydroxyacid oxidase (HAGT).

Regulation of glyoxylate, the key precursor of oxalate, occurs at multiple celiular sites
mehiding the mitochondria, peroxisome and the cytosol. Excess oxalate in PHI patients 1s
anable to be fudly excreted by the kidneys leading to the formation and deposition of caleium
oxalate crystals in the kidneys and urinary tract. Renal damage is caused by a combination of
tubular toxicity from oxalate, nephrocaleinosis and venal obstruction by stones. Greater than
30% of patients advance to end stage renal disease (ESRD ).

The HAO1 gene encodes the enzyme Hydroxyacid Oxidase 1, also known as
Glycolate Oxidase (“GO”). The HAOT protein is expressed primarily in the liver and is a 2-
hydroxyacid oxidase most active on glycolate.

In a mouse model of PHI, where the AGT1 gene is deleted, urine oxalate levels are

reduced when the HAQGT gene is deleted.



PH1, AGXT, and HAO1 are described in the following: Angel L. Pey, Armando
Albert, and Eduardo Salido, “Protein Homeostasis Defects of Alanine-Glyoxylate
Aminotransferase: New Therapeutic Strategies in Primary Hyperoxaluria Type I,” BioMed
Research International, vol. 2013, Article ID 687658, 15 pages, 2013.
doi:10.1155/2013/687658; Cochat and Rumsby (2013) NEJM 369:7; Salido et al (2006)
PNAS 103:18249; Baker et al (2004) American Journal of Physiology - Heart and
Circulatory Physiology Published 1 October 2004 Vol. 287no. 4, H1771-H1779DOI:
10.1152/ajpheart.00234.2004.

Summary
In one aspect, the present invention refers to a double stranded RNAi agent capable of

inhibiting expression of HAO1 in a cell, wherein said double stranded RNAi agent comprises
a sense strand and an antisense strand forming a double-stranded region, wherein said sense
strand comprises at least 15 contiguous nucleotides differing by no more than 3 nucleotides
from any one of the nucleotide sequences of SEQ ID NO:1 SEQ ID NO:2, SEQ ID NO:5, or
SEQ ID NO:6 and said antisense strand comprises at least 15 contiguous nucleotides
differing by no more than 3 nucleotides from any one of the nucleotide sequences of SEQ ID
NO:3 SEQ ID NO:4, SEQ ID NO:7, or SEQ ID NO:8; wherein substantially all of the
nucleotides of said sense strand and substantially all of the nucleotides of said antisense
strand are modified nucleotides, wherein at least one of said modified nucleotides is selected
from the group consisting of a 3’-terminal deoxy-thymine (dT) nucleotide, a 2'-O-methyl
modified nucleotide, a 2'-fluoro modified nucleotide, a 2'-deoxy-modified nucleotide, a
locked nucleotide, an abasic nucleotide, a 2’ -amino-modified nucleotide, a 2’-alkyl-modified
nucleotide, a morpholino nucleotide, a phosphoramidate, a non-natural base comprising
nucleotide, a nucleotide comprising a 5'-phosphorothioate group, a nucleotide comprising a
5’ phosphate or 5’ phosphate mimic, and a terminal nucleotide linked to a cholesteryl
derivative or a dodecanoic acid bisdecylamide group, and wherein said sense strand is

conjugated to a ligand attached at the 3’-terminus.

In another aspect, the present invention refers to a double stranded RNAi agent
capable of inhibiting expression of HAO1 in a cell, wherein said double stranded RNAi
agent comprises a sense strand and an antisense strand forming a double stranded region,
wherein said sense strand comprises at least 15 contiguous nucleotides differing by no more
than 3 nucleotides from any one of the nucleotide sequences of from any one of the
nucleotide sequences of SEQ ID NO:1 SEQ ID NO:2, SEQ ID NO:5, or SEQ ID NO:6 and

said antisense strand comprises at least 15 contiguous nucleotides differing by no more than 3



nucleotides from any one of the nucleotide sequences of SEQ ID NO:3 SEQ ID NO:4, SEQ
ID NO:7, or SEQ ID NO:8, wherein substantially all of the nucleotides of said sense strand
comprise a modification selected from the group consisting of a 2’-O-methyl modification
and a 2’-fluoro modification, wherein said sense strand comprises two phosphorothioate
internucleotide linkages at the 5°-terminus, wherein substantially all of the nucleotides of said
antisense strand comprise a modification selected from the group consisting of a 2’-O-
methyl modification and a 2’-fluoro modification, wherein said antisense strand comprises
two phosphorothioate internucleotide linkages at the 5°-terminus and two phosphorothioate
internucleotide linkages at the 3’-terminus, and wherein said sense strand is conjugated to one
or more GalNAc derivatives attached through a branched bivalent or trivalent linker at the 3’-
terminus.

In yet another aspect, the present invention refers to an RNAi agent selected from the
group of RNAI agents listed in Table 1 or 2.

In yet another aspect, the present invention refers to the use of a double stranded
RNAIi agent in the manufacture of a medicament for treating a subject having Primary
Hyperoxaluria 1 (PH1), wherein said double stranded RNAi agent comprises a sense strand
and an antisense strand forming a double stranded region, wherein said sense strand
comprises at least 15 contiguous nucleotides differing by no more than 3 nucleotides from
any one of the nucleotide sequences of from any one of the nucleotide sequences of SEQ ID
NO:1 SEQ ID NO:2, SEQ ID NO:5, or SEQ ID NO:6 and said antisense strand comprises at
least 15 contiguous nucleotides differing by no more than 3 nucleotides from any one of the
nucleotide sequences of SEQ ID NO:3 SEQ ID NO:4, SEQ ID NO:7, or SEQ ID NO:8,
wherein substantially all of the nucleotides of said antisense strand comprise a modification
selected from the group consisting of a 2’-O-methyl modification and a 2’-
fluoromodification, wherein said antisense strand comprises two phosphorothioate
internucleotide linkages at the 5’-terminus and two phosphorothioate internucleotide linkages
at the 3’-terminus, wherein substantially all of the nucleotides of said sense strand comprise a
modification selected from the group consisting of a 2’-O-methyl modification and a 2’-
fluoromodification, wherein said sense strand comprises two phosphorothioate
internucleotide linkages at the 5’-terminus and, wherein said sense strand is conjugated to one
or more GalNAc derivatives attached through a branched bivalent or trivalent linker at the 3’-
terminus.

The present disclosure provides compositions comprising RNAi agents, e.g., double-
stranded iRNA agents, targeting HAO1. The present disclosure also provides methods using
the compositions of the invention for inhibiting HAO1 expression and for treating HAO1

associated disorders, e.g., PH1.
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Brief Description of the Drawings

Figure 1 shows the nucleotide sequence of Homo sapiens HAO1 mRNA (SEQ ID
NO:1).

Figure 2 shows the nucleotide sequence of Mus musculus HAO1 mRNA (SEQ ID
NO:2).

Figure 3A is a graph with the results of in vitro screening of GO (HAO) GalNac-

siRNA conjugates in primary cynomologous monkey hepatocytes.

Figure 3B is a graph with the dose response curve of a GO (HAO) GalNac-siRNA

conjugate in primary cynomologous monkey hepatocytes.

Figure 4A is a graph with the results of in vivo evaluation of GO (HAO) GalNac-
siRNA conjugates in C57B6 mice after a single dose.

Figure 4B is a graph with the results of in vivo evaluation of GO (HAO) GalNac-
siRNA conjugates in C57B6 mice after a repeat dose.

Figure 5A is a graph showing urinary oxalate levels in AGXT knock out (KO) mice
after treatment with GO (HAO) GalNac-siRINA conjugates.

Figure 5B is a graph showing urinary glycolate levels in AGXT KO mice after
treatment with GO (HAO) GalNac-siRNA conjugates.

2b
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Figure 6A is a graph showing AGXT mRNA levels in a rat model of PHI 72 hoors

after a single dosc of an AGXT siRNA.

Figure 68 is a graph showing urinary oxalate levels in a rat model of PHI 72 hours

after treatment with 2 GO (HAQO) GalNac-siRNA conjugate.

& Figure 6C is a graph showing urinary oxalate levels in a rat model of PHI followed
for 49 days with continued weekly dosing on days 14 and 21 of both AF-(11-63102 and AD-

62994 and 24 hour urine collections as shown.

Figure 6D is a graph showing duration of HAO!T knockdown in rats. Shown are
mRNA levels either one week or four weeks after the last of 4 doses {corresponding to days
10 28 and 49 in Figure 6C) and expressed relative to levels seen in rats treated with PBS
Figure 7 shows the reverse complement of the nucleotide sequence of Homo sapiens

HAO1 mRNA (SEQ ID NO:3),

Figure 8 shows the reverse complement of the nucleonide sequence of Mus musculus

HAQO! mRNA (SEQ ID NO:4).
5 Figure @ shows the nucleotide sequence of Macaca fascicularis HAGT mRNA (SEQ
1D NO:S).
Figure 10 shows the sucleotide sequence of Ratfus norvegicus HAOT mRNA (SEQ
T NO6).
Figure 11 shows the reverse complement of the nucleotide sequence of Macaca
20 fasciculavis HAOU mRNA (SEQ D NO:T).
Figure 12 shows the reverse complement of the nucleotide sequence of Rarvus
norvegicus HAOL maRNA (SEQ HI NO:R).
Figure 13 shows in vivo screening of GO GalNAc conjugates.
Figure 14 is a graph showing an 1 vivo evaluation of GO-GalNAc conjugates in
25 mice.
Figure 15 is a graph showing a dosc-response evaluation of GO-GalNAc conjugates
m mice.
Figure 16 is a graph showing a dose-response evaluation of GO-GalNA¢ conjugates

in 1mice.
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Figure 17 is a graph showing a dose response evaloation in mice.

Figure 18 1s two graphs showing the relationship of mENA knockdown to serum
glycolate levels in mice.

Figure 19 is two graphs showing relationship of mENA knockdown to serum
glycolate levels in rats,

Figure 20 is a graph showing dose dependent inhibition of HAGT mRNA by ALN-
63585 in primary cyno hepatocyies.

Figure 21 is two graphs showing HAOT mRNA and serum glycolate levels following
single does treatment with ALN-GO1 in mice.

Figure 22 is a graph showing duration of HAOT mRNA silencing following single
dose treatment with ALN-GO in mice.

Figure 23 is a graph showing HAO1 mRNA and serum glycolate levels following
single dose treatment with ALN-GOH in rats.

Figure 24 is two graphs showing urinary oxalate and glycolate levels in a mouse
mode! of primary hyperoxaluria type 1 after a single dose of ALN-GOL

Figure Z5A is a graph showing HACGT mRNA levels in a rat model of primary
hyperoxaluria type I after a single dose of ALN-GOHT,

Figure 25B is a graph showing winary oxalate levels in a rat model of primary
hyperoxaluria type Tafier a single dose of ALN-GOL.

Figure 26 is two graphs showing HAQGT mRNA and urinary oxalate levels in a rat
model of primary hyperoxaluria type 1 after repeat dosing of ALN-GO1.

Figure 27 is two graphs showing HAO L mRNA and serum glycolate levels after
repeat dosing in non-human primates.

Detailed Deseription of the Invention

The present invention provides compositions comprising RNAI agents, e.g., double-
stranded RNA agents, targeting HAO 1, The present invention also provides methods using
the compositions of the invention for inhibiting HAO1 expression and for treating HAO!

assoctated disorders.

i Definitions
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In order that the present vention may be more readily understood, certain terms are
first defined. In addition, it should be noted that whenever a value or range of values of a
parameter are recited, it is intended that valucs and ranges fntermediate o the recited values

are also intended to be part of this invention.

The articles “a” and “an” arc used herein to refer to one or to more than one (i.e., o at
fcast one) of the grammatical object of the article. By way of example, “an clement” means
) 5

one element or more than one ¢lement, e.g., a plorality of ¢lements,

The term "including” 1s used herein t¢ mean, and 18 used mierchangeably with, the
foc) & v

phrase "including but not Hmited to”,

The term "or” is used herein to mean, and is used interchangeably with, the term

"and/or,” unless context clearly indicates otherwise.

As used herein, "HAQT" refers to the gene cncoding the enzyme hydroxyacid oxidase
1. Other gene names include GO, GOX, GOX1, and HAOX1, The protein is also known as
glycolate oxidase and (8)-2-hydroxy-acid oxidase. The GenBank accession number of the
humean HAGT mRNA is NM_$17545.2; eynomolgous monkey (Macaca fascicularis) HAQL
mRNA 18 XM _005568381.1; Mouse (Mus musculus) HAO1 mRNA is NM_(10403.2; Rat
(Rartus novvegicus) HAOT mENA 18 XM_006235096.1.

The term“HAQOL,” as used herein, also refers to naturally occurring DNA sequence
variations of the HAO1 gene, such as a single nucleotide polymorphisio (8NP} in the HAO!
gene. Exemplary SNPs may be found in the NCBI dbSNP Short Genetic Variations database

Yevn vt
LY

[

available at www.achin

As used herein, “target sequence” refers to a contiguous portion of the nucleotide
sequence of an mRNA molecule formed during the transeription of a HAQT gene, including

mBENA that 1s a product of RNA processing of a primary transcription product.

As used herein, the term “strand comprising a sequence” refers to an oligomucleonide
comprising a chain of nucleotides that is described by the sequence referred to using the

standard nucleotide nomenclature.

"G AT and MU each generally stand for a nucleotide that containg goanine,
cytosing, adenine, and gracil as a base, respectively. “T7 and “dT” are used interchangeably
herein and refer to 2 deoxyribonucleotide wherein the nuclecbase is thyming, ¢.g.,

deoxyribothymine, 2°-deoxythymidine or thymidine. However, it will be understood that the
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term “ribonucleotide” or “nuclectide”™ or “deoxyribonucleotide” can also refer to a modified
nucleotide, as further detailed below, or a surrogate replacement moiety. The skilled person
is well aware that guanine, cytosing, adenine, and uracl may be replaced by other motstics
without substantially altering the base pairing properties of an oligonuciectide comprising a
nucleotide bearing such replacement moiety. For example, without limitation, a2 nucleotide
comprising inosine as its basc may base pair with nucleotides containing adenine, cytosine, or
uracil. Hence, nucleotides containing uracil, guanine, or adenine may be replaced in the
nucleotide sequences of the invention by a nuecleotide containing, for example, inosine.

Sequences comprising such replacement moicties are embodiments of the invention.

The terms “IRMNA”, “RNA1 agent,” “iRNA agent,”, “RNA mterference agent” as used
mterchangeably hercin, refer to an agent that contains RNA as that term is defined herein,
and which mediates the targeted cleavage of an RNA transcript vie an RNA-indoced
silencing complex (RISC) pathway. iRNA directs the sequence-specific degradation of
miNA through a process as RNA mterference (RNAi). The iIRNA modulates, e.g., inhibits,

D0

the expression of HAOT in a cell, e.g.. a cell within a subject, such as a mammalian subject.

In one embodiment, an RNA{ agent of the invention includes a single stranded RNA
that tnteracts with a target RNA sequence, e.g., a HAOT target mRNA sequence, to dirvect the
cleavage of the target RNA. Without wishing to be bound by theory, it is belicved that long
double stranded RNA introduced into cells is broken down inte siRNA by a Type Ul
endonuclease known as Dicer (Sharp ef al. (2001) Genes Dev. 15:485). Dicer, a ribonuclease-
1Hi-like enryme, processes the dsRNA into 19-23 base pair short interfering RNAs with
characteristic two base 3" overbangs (Berostein, ef af., (2001) Nature 409:363). The siRNAs
are then incorporated mto an RNA-induced silencing complex {RISC) where one or more
helicases unwind the siRNA duplex, enabling the complementary antisense strand to guide
target recognition (Nykanen, ef ¢f., (2001) Cell 1G7:309). Upon binding to the appropriate
target mRNA, one or oore endonucleases within the RISC cleave the target 1o induce
silencing (BElbashir, er ¢/, (2001} Genes Jev. 15:188). Thus, in one aspect the invention
relates to a single stranded RNA (siRNA) gencrated within a cell and which promotes the
formation of a RISC complex to effect silencing of the target gene, i.e., a HAGT gene.

Accordingly, the term “siRNA” is also used herein to refer to an RNA{ as described above,

In another embodiment, the RNAI agent may be a single-siranded siRNA that is
wmitroduced into a cell or organism to inhibit a target mRNA. Single-stranded RNA agents

bind to the RISC endonuclease Argonagte 2, wihach then cleaves the farget mRNA. The
5 &

6



WO 2016/057893 PCT/US2015/054881

single-stranded siRNAs are generally 15-30 nucleotides and are chemically modified. The
design and testing of singlo-stranded siRMNAs are described in ULS. Patent No. 8,101,348 and
in Lima ef al., (2012} Cell 150 883-894, the entire contents of cach of which are hereby

meorporated herein by reference. Any of the antisense nucleotide sequences described herein

(]

may be used as a single-stranded siRNA as described herein or as chemically modified by the

methods described in Lima ef al., (2012 Cell 150;:883-894,

In vet another embodiment, the present invention provides single-stranded antisense
oligonucleotide molecules targeting HAOGL., A “single-stranded antisense oligonucleotide
moelecule” is complomentary 1o & scquence within the target aRNA (fe, HAOL). Single-

10 stranded antisense oligonucleotide molecules can inhibit translation in a stoichiometric
manner by base pairing to the mRNA and physically obstructing the translation machinery,
sec Dias, N. ef al., (2002) Mol Cancer Ther 1:347-355. Alternatively, the single-stranded
antiscuse oligonucleotide molecules inbibit a target mRNA by hydridizing to the target and
cleaving the target through an RNaseH cleavage event. The single-stranded antisense

15  oligonucicotide molecule may be about 10 to about 30 nucleotides in length and have a
sequence that s complementary to a target sequence. For example, the single-stranded
antisense oligonucleotide molecule may comprise a sequence that is at least about 10, 11, {2,
13, 14, 15, 16, 17, 18, 19, 28, or more contiguous nucleotides from any one of the antisense
nmucleotide sequences described herein, e.g., the sequences provided in any one of Tables | or

20 2, or bind any of the target sites described herein. The single-stranded antisense
oligonucleotide molecules may comprise modified RNA, DNA, or a combination thereof.

In another embodiment, an “iIRNA” for use in the compositions, uses, and methods of

the imvention is a double-stranded BNA and 1s referred to herein as a “double stranded RNA3

agent,” “double-stranded RNA (dsRNA)Y molecule,” “dsRNA agent,” or “dsRMNA”. The term

Nl
W

“dsRNA”, refers to a complex of ribonucleic acid molecules, having a duplex structure
comprising two anti-paraliel and substantially complementary nucleic acid strands, referred
to as having “sense” and “antisense” orientations with respect to a target RNA, ie, a HAD!
gene.  In some embodiments of the invention, a double-stranded RNA (dsRNA) triggers the
degradation of a target RNA, e.g., an mRNA, through 8 post-transcriptional gene-silencing
30 mechanism referred to herein as RNA interference or RNAL

In general, the majority of nucleotides of cach strand of a dsRNA mwolecule are
ribonucleotides, but as described n detail herein, each or both strands can also include one or

maore non-ribonucleotides, e.g., a deoxyribonucleotide and/or a modified nucleotide. In

~3
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addition, as used in this specification, an “RNA{ agent” may inclode ribonucleotides with
chemical modifications; an RNA1 agent may include substantial medifications at multiple
nucleotides. Such modifications may include all types of modifications disciosed herein or
known m the art.  Any such modifications, as used in a siRNA type molecule, are

encompassed by “RMA1 agent” for the purposes of this specification and claims.

The two strands forming the duplex structure may be different portions of one larger
RNA molecule, or they may be separate RNA molecules. Where the two strands are part of
one larger molecule, and thercfore are connected by an uninterrapted chain of nucleotides
between the 37-end of one strand and the 5°-cnd of the respective other strand forming the
duplex stracture, the connecting RNA chain is referred to as a “hatrpin loop.” Where the two
strands are connected covalently by means other than an uninterropted chain of nuclestides

N

between the 37-cnd of one strand and the 57-end of the respective other strand forming the
duplex structure, the connecting structure is referred to as a “linker.” The RNA strands may
have the same or a different number of nucleotides. The maximum number of base pairs is
the number of nuclectides in the shortest strand of the dsRNA minugs any overhangs that are
present in the duplex. Tn addition to the duplex structure, an RNAJ agent may comprise one

or more nucleotide overhangs.

In one embodiment, an RNA{ agent of the invention is a dsRNA of 24-30 nucleotides
that tnteracts with 2 target RNA sequence, e.g., a HAOT target mRNA sequence, to divect the
cleavage of the target RNA. Without wishing to be bound by theory, long double stranded
RNA infroduced into cells is broken down into siRNA by a Type HI endonuclease known as
Dicer (Sharp ot al. (2001) Genes Dev. 15:485), Dicer, a ribomuclease-{Ii-like enzyme,
processes the dsRNA into 19-23 base pair short interfering RNAs with characteristic two
base 3" overhangs (Bernstein, ¢t al., (2001} Nature 409:363). The siRNAs are then
incorporated into an RNA-induced silencing complex (RISC) where one or more helicases
wnwind the siRNA duplex, enabling the complementary antisense strand to guide target
recognition (Nykanen, et al, (2001) Cell 107:309). Upon binding to the appropriate target
mBRNA, one or more endonucleases within the RISC cleave the target to induce silencing

{Elbashir, ¢t al,, (2001) Genes Dev. 15:188).

As used herein, 2 “nucleotide overhang” refers to the unpaired nucleotide or
nucleotides that protrude from the duplex structure of an RNAI agent when a 3'-end of one
strand of the RN A1 agent extends beyond the 3'-end of the other strand, or vice versa.

“Blunt” or “blunt end” means that there are no unpaired nucleotides at that end of the double
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stranded RNA{ agent, 1.e., no nucleotide overhang. A “blunt ended” RNA{ agent is a dsSRNA
that is double-stranded over its entire length, i.e., no nucleotide overbang at cither end of the

molecule. The RNAT agents of the jnvention include RNA1 agents with nuclectide overhangs
at one end {7.e., agents with one overhang and one blunt end} or with nucleotide overhangs at

both ends.

The term “antisense strand” refers to the strand of a double stranded RNA1 agent
which includes a region that is substantially complementary to a target sequence (2.2, 8
human HACT mRNA). As used herein, the torm “region complomentary io part of an mRNA
encoding HAQT” refers to a region on the antisense strand that is substantially
complementary to part of a HAOT mRNA sequence. Where the region of complementarity is
not fully complementary to the target sequence, the mismatches are most tolerated in the
terminal regions and, if present, are generally in a terminal rogion or regions, e.g., within 6, §,

4, 3, or 2 nucleotides of the 57 and/or 37 terminus.

The term “sense strand,” as used herein, refers to the strand of a dsRNA that includes

a region that is substantially complermentary to a region of the antisense strand.

As used herein, the term “cleavage region” refers to a region that is located
wmmediately adjacent to the cleavage site. The cleavage site is the site on the target at which
cleavage occurs, In some embodiments, the cleavage region comprises three bases on either
end of, and immediately adjacent to, the cleavage site. In some embodiments, the cleavage
region comprises two bases on either end of, and tmmediately adjacent to, the cleavage site.
In some embodiments, the cleavage site specitfically occurs atf the site bound by nucleotides
10 and 11 of the antisense strand, and the cleavage region comprises nucleotides 11, 12 and

13.

As used herein, and unless otherwise indicated, the term “complementary,” when used
to describe a first nucleotide sequence in relation to a second nucleotide sequence, refers to
the ability of an oligonocleotide or polynucleotide comprising the first nucleotide sequence to
hybridize and form a duplex structure under ceriain conditions with an oligonucleotide or
polynucleotide comprising the second nmucieotide sequence, as will be understood by the
skilled person. Such conditions can, for example, be stringent conditions, where stringent
conditions may include: 400 mM NaCl, 40 mM PIPES pH 6.4, 1 mM EDTA, 50°C or 70°C
for 12-16 hours followed by washing, Other conditions, such as physiologically relevant

conditions as may be encountered inside an organism, can apply. For example, a
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complementary sequence is sufficient to allow the relevant fimction of the nucleic acid to
proceed, e.g., RNAIL The skilled person will be able to determine the set of conditions most
appropriate for a test of complementarity of two sequences in accordance with the ultimate

application of the hybridized mucleotides.

Sequences can be “fully complementary” with respect to cach when there is base-
pairing of the nucleotides of the first nucleotide sequence with the nucleotides of the second
nucleotide sequence over the entire length of the first and second nucleotide sequences.
However, where a first scquence is referred to as “substantially complementary” with respect
te a second sequence herein, the two sequences can be fully complementary, or they may
form one or more, but generally not more than 4, 3 or 2 mismatched base pairs upon
hybridization, while retaining the ability to hybridize under the conditions most relevant to
their ultimate application. However, where two oligonucieotides are designed to form, upon
hybridization, one or more single stranded overhangs, such overhangs shall not be regarded
as mismatches with regard to the determination of complementarity. For example, a dsRNA
comprising one oligonucleotide 21 nucleotides in length and another oligonucieotide 23
nucleotides in length, wherein the longer oligonucleotide coraprises & sequence of 21
nucleotides that is fully complementary to the shorter oligonucleotide, may yet be referred to

as “fully complementary™ for the purposes described herein,

“Complersentary” sequences, as used herein, may also include, or be formed entirely
from, non-Watson-Crick base pairs and/or base pairs formed from non-natural and modified
nucleotides, in as far as the above requirements with respect o their ability to hybridize are
fulfitied. Such non-Watson-Crick base pairs inclades, but not limited to, G:U Wobble or

Hoogstein base pairing.

The terms “complementary,” “fully compiementary” and “substantially
complementary” herein may be used with respect to the base matching between the sense
strand and the antisense strand of a dsRNA, or between the antisense strand of a dsRNA and

a target sequenee, as will be understood from the context of their use.

As used herein, a polynuclectide that 1s “substannially complementary to at least part
of” a messenger RNA (mRNA) refers to a polynucleotide that is substantially complementary
to a contiguous portion of the mRNA of interest (e.g., an mRNA encoding HAOGT) including

P

a 5" UTR, an open reading frame (ORF), or a 3” UTR. For exampie, a polynucicotide is

tG
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complementary to at least a part of a HAO!T mRNA if the sequence 1s substantially
complementary to a non-interrapted portion of an mRBRNA encoding HAGH.
The term “inhibiting,” as used herein, 1s used interchangeably with *“reducing,”

s

“silencing,” “downregilating,” “suppressing” and other similar terms, and inchides any level
of inhibition.

The phrase “inhibiting expression of a HAOL,” as used herein, inchides inhibition of
cxpression of any HAGT gene (such as, e.g., a mouse HAOT gene, a rat HAQT gene, 3
monkey HAOT geoe, or a human HAQT gene) as well as variants, {e.g., naturally cccurring
variants), or mutants of a HAO! gene. Thus, the HAOGT gene may be a wild-type HAOQI

gene, a mutant HAGIT gene, or a transgenic HACT gene in the context of a genctically

manipulated cell, group of cells, or organism.

“Inhibiting expression of a HAOT gene” inchudes any level of inhibition of a HAO!

ene, e.g., at least partial suppression of the expression of a HAQ!T gene, soch as an inbibition

4Q

of at least about 5%, at least about 10%, at least about 15%, at least about 20%, at least about

253%, at least about 30%, at least abowut 35%,at least about 40%, at lcast about 45%, at least
about 50%, at lcast about 55%, at least about 60%, at least about 65%, at least abouwt 70%,
af Icast about 75%, at least about 80%, at least about 85%, at loast about 90%, at least about
G1%, at least about 92%, at least about 93%, at least about 94%. at least about 95%;, at least

about 96%, at least about 97%, at least about 98%, o1 at least about 99%

The expression of a HAQT gene may be assessed based on the level of any variable
associated with HAOQT gene expression, e.g., HAOT mBNA level or HAOT protein level, in,
e.g., tissues and/or wrinary oxalate levels. Inhibition may be asscssed by a decrease inan
absohite or relative level of one or more of these variables compared with a control level,

The control fevel may be any type of control level that is utilized 1n the art, e.g., a pre-dose
baseline level, or a level determined from a similar subject, cell, or sample that is untreated or

treated with a control (such as, e.g., buffer only control or inactive agent controh),

The phrase “contacting a cell with a double stranded RNA1 agent,” as used herein,
mclades contacting a cell by any possible means. Contacting a cell with a double stranded
RNA{ agent includes contacting a cell in visre with the RNA1 agent or contacting a cell in
vivo with the RWNA# agent. The contacting may be done divectly or indirectly. Thus, for

example, the RNAT agent may be put into physical contact with the cell by the individual
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performing the method, or alternatively, the RNA1 agent may be put into a situation that will

permit or causc it to subsequently come into contact with the cell.

Contacting a cell in vitre may be done, for example, by incubating the cell with the
RNAi agent. Contacting a cell iz vive may be done, for example, by injocting the RNAi
agent into or near the tissue where the celi is located, or by injecting the RNAi agent into
another area, the bloodstream or the subcutancous space, such that the agent will
subsequently reach the tissue where the cell to be contacted is located. For example, the
RNAi agent may contain and/or be coupled to a ligand, e.g., a GalNAC3 ligand, that divects
the RNA1 agent to a site of interest, ¢.g., the liver. Cembinations of i vitro and in vive
methods of contacting are also possible. In comnection with the methods of the invention, a
cell might also be contacted i vitre with an RNAI agent and subsequently transplanted into a
subject.

§

As used herein, a "subject” includes a human or non-human animal, preferably a
vertebrate, and more preferably s mammal. A subject may include a transgenic organism.
Most preferably, the subject is a buman, such as a hwman suffering from or predisposed to

developing 8 HAQO! associated disorder.

A "patient” or "subject,” as used herein, is intended to inclode either a human or noun-
huraan snimal, preferably a manunal, e.g., buman or a monkey. Most preferably, the subject

or patient 15 8 human,

A “HAQT associated disorder”, as used herein, is intended to include any disorder
that can be treated or prevented, or the syraptoms of which can be alleviated, by inhibiting the
expression of HAOL. Examples inchide but are not Himited to Primary Hyperoxahuria 1

(PHI).

"Therapeatically effective amount,” as used herein, is intended to include the amount
of an RNAi agent that, when administered o a patient for treating a HAO ! associated
discase, is sutficicnt to effect treatment of the discase (e.g., by diminishing, ameliorating or
matntaining the existing disease or one or more sympioms of disease). The "therapeutically
effective amount” may vary depending on the RNA1 agent, how the agent is administered, the
discase and its severity and the history, age, weight, family bistory, genetic makeup, stage of
pathological processes mediated by HAQO] expression, the types of preceding or concomitant

treatments, if any, and other individual characteristics of the patient to be treated.
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“Prophylactically effective amount,” as used herein, 1s intended to include the
amount of an RNA{ agent that, when administered to a subject who does not yet experience
or display syraptoms of a HAO-associated discase, but who may be predispesed to the
disease, is sutficient to prevent or ameliorate the disease or one o more symptoms of the
disease. Ameligrating the disease includes slowing the course of the discase or reducing the
severity of later-developing discase. The "prophylacticaily effective amount” may vary
depending on the RNAG agend, how the agent is administered, the degree of risk of disease,
and the history, age, weight, family history, genetic makeup, the types of preceding or
concomitant treatments, if any, and other individual characteristics of the patient to be

treated.

A Mtherapeutically-effoctive amount” or “prophylacticaly effective amount” also
inclades an amount of an RNAI agent that produces some desired local or systemic cffect at a
reasonable benefit/risk ratio applicable to any freatment. RNAI gents eraployed inthe
methods of the present invention may be administered in a sufficient amount to produce a

reasonable benefivrisk ratio applicable to such treatment.

The term “‘sample,” as used herein, includes a collection of similar fluids, cells, or
tissues isolated from a subject, as well as fluids, cells, or tissues present within a subject.
Examples of biological fluids include blood, serum and serosal fhuids, plasma, corebrogpinal
fluid, ocular fluids, lymph, urine, saliva, and the like. Tissue samples may include samples
from tissues, organs or localized regions. For example, samples may be derived from
particular organs, parts of organs, or fluids or cells within those organs. In certain
cmbodiments, samples may be derived from the hiver (e.g., whole liver or certain segments of
Hiver or certain types of cells in the Hiver, such as, e.g., hepatocytes). In some embodiments, a
“sample derived from a subject” refers to blood or plasma drawn from the subject. In further
embodiments, a “sample derived from a subject” refers to liver tissuc {or subcomponents

thercof) derived from the subjoct.
IL dsRNA IRNA agents of the Invention

Described herein are double-stranded RNA1 agents which inhibit the expression of a
HAO] gene m a cell, such as a cell within a subject, e.g., 2 mammal, such as a lumman having

a HAO associated disorder, and uses of such double-stranded RNAJ agents.

—
(]
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Accordingly, the invention provides dosble-stranded RNA1 agents with chemical
modifications capable of inhibiting the expression of a target gene (e, a HAO gene) in

Vivo.

As described in more detail below, in certain aspects of the nvention, sobstantially all
of the nucleotides of an IRNA of the invention are modified. In other emboediments of the
mvention, all of the nucleotides of an iIRNA of the invention are modified. iRNAs of the
imvention in which “sobstantially all of the nucleotides are modified” are largely but not

whelly modified and can inclode not more than §, 4, 3, 2, or 1 unmodified nucleotides.

The RNA1 agent comprises a sense strand and an antisense strand. Each strand of the
RINA1 agent may range from 12-30 nocleotides in length. For example, each strand may be
between 14-30 nucleotides in length, 17-30 nucleotides in fength, 19-30 nucleotides in length,
25-30 ruacleotides in length, 27-30 nucleotides n length, 17-23 nucleotides in length, 17-21
nucleotides in length, 17-19 nocleotides in length, 19-25 nucleotides in length, 19-23
nucleotides in length, 19-21 nucleotides in length, 21-25 nucleotides in length, or 21-23

nucleotides in length.

Each strand can be 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23,24 .25, 26, 27, 28, 29,
or 30 nucleotides in length. Each strand of the RN A1 agent can be the same length or can be

differcnt longtbs.

The sense strand and antisense strand typically form a duplex double stranded RNA
{“dsRINA™), also referred to herein as an “RNAJ agent.” The duplex region of an RNA1 agent
may be 12-30 nucleotide pairs n length. For example, the duplex region can be between 14-
30 nucleotide pairs in length, 17-30 nucleotide pairs in length, 27-30 mucleotide pairs in
fength, 17 - 23 nucleotide pairs in length, 17-21 nucleotide pairs in fength, 17-19 nucleotide
pairs in length, 19-25 nucleotide pairs in length, 19-23 nucleotide pairs in length, 19- 21
nucleotide pairs in length, 21-25 mucleonide pairs in length, or 21-23 nueleotide pairs in
length, In ancther example, the duplex region is selected from 15, 16, 17, 18, 19, 20, 21, 22,

23,24, 25, 26, and 27 nuclectide pairs in longth,

In one embodiment, the RNAI agent may contain one or more overhang regions
and/or capping groups at the 37-end, §7-¢nd, or both ends of one or both strands. The
overhang can be 1-6 nucleotides in length, for instance 2-6 nucleotides wn length, 1-5
nucleotides in length, 2-5 nucleotides in length, 1-4 nucleotides m length, 2-4 mucleotides in

length, 1-3 nocleotides in length, 2-3 nucleotides in length, or 1-2 nucleotides i length. The

14
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overhangs can be the result of one strand being longer than the other, or the result of two
strands of the same longth being staggered. The overbang can form a mismatch with the
target mRNA or @ can be complerentary to the gene sequences being targeted or can be
another sequence. The first and second strands can also be joined, e.g., by additional bases to

form a hatrpin, or by other non-base linkers.

In one embodiment, the nucleotides in the overhang region of the RNAi agent can
cach independently be a modified or unmodified nucleotide including, but not limited to0 2°-
sugar modified, such as, 2-F, 27-O-methyl, thymidioe (T), 2°-C-moethoxyethyl-5-
methyluridine (Teo), 2°-O-methoxyethyladenosine (Aco), 2°-O-methoxvethyl-5-
methyleytidine (mSCeo), and any combinations thereof. For example, TT can be an
overhang sequence for either end on either strand.  The overhang can form a mismatch with
the target mRNA or it can be complementary to the genc sequences being targeted or can be

another sequence.

The 57+ or 37~ overhangs at the sense strand, antisense strand or both strands of the
RNAG agent may be phosphorylated. In some embodiments, the overhang region(s) containg
two nucleotides having a phosphorothioate between the two nucleotides, where the two
nucleotides can be the same or different. In one embodiment, the overhang is present at the
3’-end of the sense strand, antisense strand, or both strands. 1n one embodiment, this 3°-
overhang is present in the ardisense strand.  In one embodiment, this 3’ -overhang is present
in the sense strand.

The RINA1 agent may contain only a single overhang, which can strengthen the
mierference activity of the RNAJ, without affecting its overall stability. For example, the
single-stranded overhang may be located at the 3-terminal end of the sense strand or,
alteraatively, at the 3'-terminal cnd of the antiscuse strand. The RNA1 may also have a blunt
end, located at the 57-ond of the antisense strand {or the 3”-end of the sense strand} or vice
versa. Generally, the antisense strand of the RN AT has a nucleotide overhang at the 37-end,
and the 5”-end 15 blont. While not wishing to be bound by theory, the asymmetric blunt end
at the 57-end of the antisense strand and 37-cnd overbang of the antisense strand favor the

guide strand loading into RISC process.
Synthesis and modifications

Any of the nucleic acids, e.g., RNAL featured in the invention can be synthesized

and/or modified by methods well established 1o the art, such as those deseribed in “Current
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protocels in nucleic acid chemistry,” Beaucage, 8.1 er o/, (Edrs.), John Wiley & Sons, Inc.,
New York, NY, USA, which is hereby incorporated herein by reference. Modifications
: ¥ Y

nclude, for example, end modifications, e.g., 5"-end modifications (phosphoryiation,

conjugation, mverted linkages) or 37-end modifications {conjugation, DNA nucleotides,
5 : SV s

(]

wnverted linkages, efc.); base modifications, e.g., replacement with stabilizing bagses,
destabiliziog bases, or bases that base pair with an expanded repertoire of partners, romoval
of bases (abasic nucleotides), or conjugated bases; sugar modifications (e.g., at the 2°-
position or 4’ -position) or replacement of the sugar; and/or backbone modifications,
imciuding modification or replacement of the phosphodiester linkages. Specific examples of

10 iRNA compounds uscul in the embodiments described herein include, but are not mited to
RNAs containing modified backbones or no natural internucleoside linkages. RNAs having
modified backbones include, among others, those that do not have a phosphorus atom in the
backbone. For the purposes of this specification, and as sometimes referenced in the art,
modified RNAs that do not have a phosphorus atom in their infernucieoside backbone can

15 also be considered to be oligonucleosides. In some embodiments, a modified :RNA will have

a phosphoras atom in its internucleoside backbone.

Modified RNA backbones include, for example, phosphorothicates, chiral
phosphorothioates, phosphorodithioates, phosphotriesters, aminoalkylphosphotriesters,
methyl and other alkyl phosphonates including 3'-alkylene phosphonates and chiral

20 phosphonates, phosphinates, phosphoramidates including 3'-amino phoesphoramidate and
aminoalkylphosphoramidates, thionophosphoramidates, thionealkylphosphonates,
thionoalkyiphosphotriesters, and boranophosphates having normal 35" linkages, 2'-5-hnked
anatogs of these, and those having inverted polarity wherein the adjacent pairs of nucleoside
units are linked 3'-5"t0 5°-3" or 2'-5" 10 §°-2°. Various salts, mixed salts and free acid forms are

25 also included.

Representative .S, patents that teach the preparation of the above phosphorus-
containing linkages include, but are not limited to, U.S. Patent Nos. 3,687,808; 4,469,863;
4,476,301; 5,023,243; 5,177,195, §,188,897; §,264,423; 5,276,019; 5,278,302; 5,286,717
5.321,131; 5,399,676, §5,405,939; 5,453,496; 5,455,233, 5,466,677, 5,476,925; 5,519,126;
30 5,536,821, 5,541,316; 5,550,111; 5,563,253; 5571,799; 5,587,361, 5,625,050; 6,028, 18%;
6,124,445; 6,160,109; 6,169,170; 6,172,209; 6, 239.265; 6,277,603; 6,326,199; 6,346,614;
6,444, 423; 6,531,590, 6,534,639, 6,608,035; 6,683,167, 6,458,715; 6,867,294, 6,878,805;

t6
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7,015,315, 7,041,816, 7.273,933; 7.321.029; and US Pat RE39464, the entire contents of

cach of which arc hereby incorporated herein by reference.

Modified RNA backbones that do not include a phosphorus atom therein have
backbones that are formed by short chain allyl or eycloalkyl internucleoside linkages, mixed
heteroatoms and alkyl or cycloalkyl internucleoside linkages, or one or more short chain
heteroatomic or heterocyelic internucieoside linkages. These include those having
morpholine Hnkages (formed in part from the sugar portion of a nucleoside); siloxane
backbones; sulfide, sulfoxide and sulfone backbounes; formacetyl and thioformacetyl
backbones; methylone formaceiyl and thioformacetyl backbounes; alkene containing
backbones; sulfamate backbones; methylencimino and methylenehydrazino backbones;
sulfonate and sulfonamide backbones; amide backbones; and others having mixed N, (3, S

and CH» component parts.

Representative U.S. patents that teach the preparation of the above oligomicleosides
include, but are not limited to, U.S. Patent Nos. 5,034,506; 5,166,315, 5,185,444, 5,214,134:
3.216,141; 5,235,033; 5,64,562; 5,264,564; 5,405,938; 5,434,257, 5,466,677, 5,470,967,
5489677, 5,541,307, 5,561,225; 5,596,086; 5,602,240; 5,608,046; 5,610,289; 5,618,704;

5 [ 33,360, 5,677,437, and, 5,677,439, the entire contents of each of

which are hereby incorporated herein by reference.

In other embodiments, suitable RNA mimetics are contemplated for use in iRNAs, in
which both the sugar and the internucleoside linkage, i.e., the backbone, of the nucleotide
units arc replaced with novel groups. The base units are maintained for hybridization with an
appropriate nucleic acid target compound. One such oligomeric compound, an RNA mimetic
that has been shown to have excellent hybridization properties, is referred to as a peptide
nucleic acid {PNA). In PNA compounds, the sugar backbone of an RNA is replaced with an
amide cordaining backbone, in particular an aninoethylglyeine backbone. The nucleobases
are retained and are bound divectly or indirectly to aza nitvogen atoms of the amide portion of
the backbone. Representative U.S. patents that teach the preparation of PNA compounds
imclude, but are not limited {o, U.S. Patent Nos. 5,539,082; 5,714,331; and 5,719,262, the
entire contents of cach of which are hereby incorporated herein by reference. Additional PNA
compeunds suitable for use in the iIRNAs of the invention are described in, for example, in

Niclsen et al., Science, 1991, 254, 1497-1500.

—
~
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Some embodiments featured in the invention include RNAs with phosphorothicate
backbones and oligonuclensides with heteroatom backbones, and in particular -~ CH~-NH--
CHjy-, ~~CHp--N{CH3)--O--CH;--[known as a methylene (methylimino) or MM backbone], -
CHu--0O--MN(CH1})--CHp--, -~CHy--N{CH3}--N{CH3)--CHy-- and ~-N{CH2)--CH»--CHj--

(]

[wherein the native phosphodiester backbone is represented as --O--P--0--CHy--] of the
above-referenced ULS. Patent No. 5,489,677, and the amide backbones of the above-
referenced LS. Patent No. 3,602,240, In some embodiments, the RNAs featured herein have

morpholine backbone structures of the above-referenced U.S. Patent No. 5,034,506,

Modified RNAs can also contain one or more substituted sugar moicties. The

10 iRNAg, eg., dsRNAs, featured herein can include one of the following at the 2'-position: OH;
F; O-, 8-, or N-alkyl; O-, S-, or N-alkenyl; O-, S- or N-alkynyl; or G-alkyl-O-alkyl, wherein
the alkyl, alkeny! and alkynyl can be substitoted or unsubstituted € to Cie alkyl or Cr to Cig
alkenyl and alkynyl, Excoplary suitable modifications include O{CH:3.0] nCHs,
O{CH . OCH:, O{CH»)NH,, O{CH») «CHs, O(CHONH;, and O(CH» ), ON{CH).CH1) s,

15 where nand m are from 1 to about 10. In other embodiments, dsRNAs include one of the
following at the 2’ position: C; 1o Cyp lower alkyl, substituted lower alkyl, alkaryl, aralkyl, O-
alkaryl or O-aralkyl, SH, SCH;, OCN, Cl, Br, ON, CFa, OCF4, SOCH;, SOCH4, ONO;,
NGy, Nj, NHy, heterocyeloalkyl, heterocycloalkaryl, aminoalkylamino, polyalkylamino,
substituted silyl, an RNA cleaving group, a reporter group, an intercalator, a group for

20 woproving the pharmacokinetic properties of an iRNA, or a group for timproving the
pharmacodynamic propertics of an iIRNA, and other substituents having similar properties. In
some embodiments, the modification includes a 2-methoxyethoxy (2-0--CHCHOQCH;, also
known as 2-0-(2-methoxyethy]) or 2-MOE) (Martin e al., Helv. Chim. Acta, 1995, 78:486-
5043 ie., an alkoxy-alkoxy group. Another exemplary modification 1s 2'-

25 dimethylaminooxyethoxy, 1.e., a O{CH RhON(CHs Y, group, also known as 2'-DMAOE, as
described in examples herein below, and 2'-dimethylaminoethoxyethoxy (alse known in the

art as 2'-O-dimethylaminoethoxyethyl or 2-DMAEQE), i.e., 2-0--CHy--0--CHy--N{CHs)p.

Other modifications inclade 2-methoxy (2'-OCH;), 2-aminopropoxy (2'-
OCHCHCHyNH, Y and 2'-fluoro {2-F). Similar modifications can also be made at other
30 positions on the RNA of an iIRNA, particalarly the 3’ position of the sugar on the 3" terminal
nucleotide or in 2-§" linked dsRNAs and the § position of §' terminal nucleotide. iIRNAs can
also have sugar mimetics such as cyclobutyl moicties in place of the pentofuranosyl sugar.

Representative U.S. patents that teach the preparation of such modified sugar structures

18
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mchide, but are not limited to, U.S. Pat. Nos, 4,981,957; 5,118,800; 5,319,080; 5,359,044,
5,393,878; 5,446,137 5,466,786: 5,514,785; 5,519,134, 5,567,811, 5,576,427, 5,591,722,
3,397,90%; 5,610,300; 5,627,053, 5,639,873, 5,646,265, 5,658,873, 5,670,633, and

5,700,920, certain of which are commmonly owned with the instant app]icati(m, The entire

(]

contents of cach of the foregoing are hereby incorporated herein by reference.

An IRNA can also inclade nucleobase {often referred to in the art simply as “base™)
madifications or substitutions. As used herein, “unmodified” or “natural” nucleobases inchude
the purine bases adenine {A) and guanine (G), and the pyrimiding bases thymine {T), cytosine
{C) and uracil (U). Modified nucleobases include other synthetic and natural nucleobases

10 such as deoxy-thymine (dT}, S-methyleytosine (5-me-C), 5-hydroxymethyl cytosine,
xanthine, hypoxanthine, 2-aminoadenine, 6-methyl and other alkyl! derivatives of adenine and
guaning, 2-propyl and other atkyl derivatives of adenine and guanine, 2-thiouracil, 2-
thiothymine and 2-thiocytosing, S-halouracil and cytosine, 5-propynyl uracil and cytosine, 6-
azo uracil, cytosine and thymine, S-uracil (pseudouracil), 4-thiouraci], 8-halo, 8-amino, R-

15  thiol, &-thioalkyl, 8-hydroxyl anal other %-substituted adenines and guanines, 5-halo,
particularly 5-bromo, S-trifflucromethyl and other S-substituted uracils and cytosines, 7-
methylguanine and 7-methyladenine, R-azaguanine and 8-araadenine, 7-deazaguanine and 7-
daazaadenine and 3-deazaguanine and 3-deazaadenine. Forther nucleobases inchude those
disclosed in ULS. Pat. No. 3,687,808, those disclosed in Modified Nucleosides in

20 Biochemistry, Biotechuology and Medicine, Herdewijn, P. ed. Wiley-VCH, 2008; those
disclosed in The Concise Encyclopedia Of Polymer Science And Engineering, pages 858-
859, Kroschwitz, J. L, ed. John Wiley & Sons, 1991}, these disclosed by Englisch ef af,,
Angewandte Chemie, International Edition, 1991, 30, 613, and those disclosed by Sanghvi, Y
8., Chapter 15, dsRNA Research and Applications, pages 289-302, Crooke, 5. T. and Lebleu,

25 B, Ed, CRC Press, 1993, Certain of these nucleobases are particularly aseful for increasing
the binding affinity of the oligomeric compounds featured in the invention. These include §
substituted pyrimidines, 6-azapyrimidines and N-2, N-6 and (-6 substituted purines,
mehiding 2-anunopropyladenine, S-propynyluracil and S-propynyleyvtosine. S-methyleytosine
substitutions have been shown to imcrease nucleic acid duplex stability by 0.6-1.2°C

{Sanghvi, Y. 8., Crocke, 5. T. and Leblen, B., Eds., dsRNA Rescarch and Applications, CRC

(43
<

Press, Boca Raton, 1993, pp. 276-278) and arc cxemplary basc substitutions, even more

articularly when combined with 2'-O-methoxyethyl sugar modifications.
) yeuyy
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Representative U.S. patents that teach the preparation of certain of the above noted
modified nucloobases as well as other modified nucleobases include, but arc not limited to,
the above noted ULS. Patent Nos. 3,687,808, 4,845,205; 5,130,30; 5,134,066, 5,175,273;
5,367,066; 5,432,272, 5,457,187, 5,459,255; 5,484,908; 5,502,177, 5,525,711; 5,552 540;
5,587,469; 5,594,121, 5,596,091; 5,614,617; 5,681,941; §,750,692; 6,015,886; 6,147 200;

6,166,197 6,222,025, 6,235,887, 6,380,368; 6,528,640; 6,639,062; 6,617,438; 7,045,610;
7.4277,672; and 7,495 ,08Y, the cutire contents of cach of which arc hereby incorporated hercin

by reference.

The RINA of an iIRNA can also be modified to include one or more locked nucleic
acids (LMNA). A locked nucleie acid is a nucleotide having a moedified ribose moiety in which
the ribose moiety comprises an extra bridge connecting the 2' and 4' carbons. This structure

effectively "locks™ the ribose in the 3-endo structural conformation. The addition of locked
nucleic acids to siRNAs has been shown to increase siRINA stability in serum, and to reduce
off-target effects (Elmen, L er af., (2005) Nucleic Acids Research 33(11:439-447; Mook, OR.
et al., (2007 Mol Canc Ther 6(3):833-843; Grunweller, A, ef al., (2003) Nucleic Acids
Research 31(123:3185-3193).

Representative U.S. Patents that teach the preparation of locked nucleic acid
nucleotides inchude, but are not limited to, the following: U.S. Patent Nos. 6,268,490;
6,670,461, 6,794,499; 6,998 484; 7053207, 7,084,125; and 7,399,845, the entirc contents of

cach of which are hereby incorporated herein by reference.

Potentially stabilizing modifications to the ends of RNA molecules can include N-
(acetylaminocaproyl)-4-hydroxyprolinol (Hyp-C6-NHAC), N-(caproyi-4-hydroxyprelinol
(Hyp-C6), N-(acety-4-hydroxyprolinol (Hyp-NHAg), thymidine-2'-0-deoxythymidine
(ether), N-(aminocaproyh-4-hydroxyprolinel (Hyp-Cé-amino}, 2-docosanoyl-uridine-3"-
phosphate, inverted base dT(dT) and others. Disclosure of this modification can be found in

PCT Pubhication No, WO 201 1/0065861.
Maodified IRNAs Comprising Motifs of the Invention

In certain aspects of the fnvention, the double-stranded RNA1 agents of the fnvention
imchide agents with chemical modifications as disclosed, for example, in U.S. Provisional
Apphlication No. 61/561,710, filed on November 18, 2011, or in PCT/US2012/065691, filed
on November 16, 2012, and published as WO20130750335 A1, the entire countents of cach of

which are incorporated herein by reference.
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As shown herein and in Provisional Application No. 61/561,718, a superior result
may be obtained by introducing one or more motifs of three identical modifications on three
consecutive nucleotides into a sense strand and/or antisense strand of a RNAG agent,
particularly at or near the cleavage site. In some embodiments, the sense strand and antisense
strand of the RNA1 agent may otherwise be completely modified. The mtroduction of these
motifs interrupts the modification pattern, if presont, of the sense and/or antiscnse strand.

The RMNA1 agent may be optionally conjugated with a GalNAc derivative ligand, for instance

on the sense strand. The resulting RNA1 agents present superior gene silencing activity.

More specifically, it bas beecn surprisingly discovered that when the sense strand and
antisense strand of the double-stranded RNA1 agent are modified to have one or more motits
of three identical modifications on three consecative nucleotides at or near the cleavage site
of at Jeast one strand of an RNAi agent, the gene silencing activity of the RNA1 agent was

superiorly enhanced.

In one embodiment, the RNA1 agent is a doublc ended bhuntmer of 19 nucleotides in
length, wherein the sense strand contains at least one motif of three 27-F modifications on
three consecutive nucleotides at positions 7, 8, 9 from the 5end. The antisense strand
contains at least one motif of three 2°-O-methyl modifications on three consecutive

nucleotides at positions 11, 12, 13 from the 57end.

In another embodiment, the RNAJ agent is a double ended bluntmer of 20 nuclectides
in length, wherein the sense strand contains at least one motif of three 27-F modifications on
three consecutive nucleotides at positions 8, 9, 10 from the 5’end. The antisense strand
contains at least one motif of three 2°-O-methy]l modifications on three consecutive

nucleotides at positions 11, 12, 13 from the §57end.

In yet another embodiment, the RNA1 agent is a double ended bluntmer of 21
nucleotides m length, wherein the sense strand contains at least one mouf of three 2°-F
modifications on three consecutive nucleotides at positions 9, 10, 11 from the S"end. The
antisense strand contains at least one motif of three 27-0O-methy! modifications on three

consecutive nucleotides at positions 11, 12, 13 from the 5 end.

In one embodiment, the RNAI agent comprises a 21 nucleotide sense strand and a 23
nucleotide antisense strand, wherein the sense strand contains at least one motif of three 27-F
maodifications on three consecutive nucleotides at positions 9, 10, 11 from the 5'end; the

antisense strand contains at least one motif of three 27-O-methy! modifications on three
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consecutive nucleotides at positions 11, 12, 13 from the STend, wherein one end of the RNAA
agent is blunt, while the other end comprises a 2 nucleotide overhang. Preferably, the 2
nucleotide overhang is at the 37-end of the antisense strand.  When the 2 nucleotide overhang

1s at the 37-end of the antisense strand, there may be two phosphorothioate internucleotide

(]

linkages between the terminal three nucleotides, wherein two of the three nucleotides are the
overhang nucleotides, and the third nucleotide is a paired nucleotide next to the overhang
nucleotide. In one embodiment, the RNA1 agent additionally has two phosphorothioate
mternucleotide linkages between the terminal three nucleotides at both the 57-end of the sense
strand and at the 57-cnd of the antisense strand. 1n one embodiment, overy nucleotide in the
10 scuse strand and the antisense strand of the RNA1 agent, including the nucleotides that are
part of the motifs are modified nucleotides. In one emboediment each residue 1s
mdependently modified with a 2°-G-methyl or 37-fluoro, e.g., in an alternating motif.

Optionally, the RNA1 agent further comprises a ligand (preferably GalNAcs).

In one embodiment, the RNAJ agent comprises sense and antisense strands, wherein

15  the RNAI agent compriscs a first strand baving a length which is at least 25 and at most 29
nucleotides and a sccond strand having a length which is at most 30 mucleotides with at icast
one motif of three 2°-O-methyl modifications on three consecutive nuecleotides at position 11,
12, 13 from the 5° end; wherein the 37 end of the first strand and the §° end of the second
strand form a blont end and the sccond strand is 1-4 nucleotides longer at s 37 end than the

20 first strand, wherein the duplex region which is at feast 25 nucleotides in length, and the
second strand is sufficiently complementary to a target mRNA along at least 19 nucleotide of
the second strand length to redoce target gene expression when the RNA1 agent s introduced
into a mammalian cell, and wherein dicer cleavage of the RNAJ agent preferentially results in
an siIRNA comprising the 3° end of the second strand, thereby reducing expression of the

25 target gene in the mammal. Optionally, the RNA1 agent further comprises a higand.

In one embodiment, the sense strand of the RNAJ agent contains at lcast one motif of
three identical modifications on three consecutive nucleotides, where one of the motifs occurs
at the cleavage site in the sense strand.

In one embodiment, the anfisense strand of the RNAG agerd can also contain at least

30 one motif of three identical modifications on three consecutive nucleotides, where one of the

motifs cocurs at or near the cleavage site in the antisense strand

2
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For an RNAI agent having a duplex region of 17-23 nucleotides in length, the
cleavage site of the antiscnse sirand is typically around the 10, 11 and 12 positions from the
5"-end. Thus the motifs of three identical modifications may occur at the 9, 10, 11 positions;
14, 11, 12 positions; 11, 12, 13 positions; 12, 13, 14 positions; or 13, 14, 15 positions of the
antisense strand, the count starting from the 1% nucleotide from the 5'-end of the antisense
strand, or, the count starting from the 1% paired nucleotide within the duplex region from the
57- end of the antisense strand. The cleavage site in the antisense strand may also change

according to the length of the duplex region of the RNAI from the 57-end.

The sense strand of the RNAJ agent may contain at Jeast one motif of three identical
modifications on three consecutive nucleotides at the cleavage site of the strand; and the
antisense strand may have at least one mwotif of three 1dentical modifications on three
consecutive nucleotides at or near the cleavage site of the strand. When the sense strand and
the antisense strand form a dsRNA duplex, the sense strand and the antisense strand can be so
aligned that one motif of the three nucleotides on the sense strand and one motif of the three
nucleotides on the antisense strand have at least one nucleotide overlap, f.e., at least ong of
the three nucleotides of the motif in the sense strand forms 2 base pair with at feast one of the
three nucleotides of the motif in the antisense strand.  Alternatively, at least two nucleotides

may overlap, or all three nucleotides may overlap.

In one embodiment, the sense strand of the RNAJ agent may contain more thas one
motif of three identical modifications on three consecutive nocleotides. The first motif may
occur at or near the cleavage site of the strand and the other motifs may be a wing
modification. The term “wing modification” herein refers to 2 motif occurring at another
portion of the strand that is separated from the meotit at or near the cleavage site of the same
strand. The wing modification is either adjacent to the first motif or is separated by at least
onec or more mucleotides. When the motifs are immediately adjacent to cach other than the
chemistry of the motifs are distinet from cach other and when the mwotifs are separated by
one or more nucleotide than the chemistries can be the same or different. Two or more wing
modifications may be present. For instance, when two wing modifications are present, each
wing meodification may occur at one end relative to the first motif which is at or near clcavage
site or on either side of the lead motif,

Like the sense sirand, the antisense strand of the RN A1 agent may contain more than
one motifs of three identical modifications on three consecutive nucleotides, with at least one

of the motifs ocevrring at or near the cleavage site of the strand.  This antisense strand may

PCT/US2015/054881
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alse contain one or more wing modifications in an alignment similar to the wing

modifications that may be present on the sense strand.

In one embodiment, the wing modification on the sense strand or antisense strand of
the RNAi agent typically does not inchide the first one or two terminal nucleotides at the 3°-

end, §*-end or both ends of the strand.

In another embodiment, the wing modification on the sense strand or antisense strand
of the RNA1 agent typically does not include the first one or two paired nuclectides within the

duplex region at the 37-end, 57-ond or both ends of the strand.

When the sense strand and the antisense strand of the RNA1 agent cach contain at
least one wing modification, the wing modifications may fall on the same end of the duplex

region, and have an overlap of one, two or three nucleotides.

When the sense strand and the antisense strand of the RNA1 agent each contain at
least twoe wing modifications, the sense strand and the antisense strand can be so aligoed that
two modifications each from one strand fall on one end of the duplex region, having an
overlap of one, two or three nucleotides; two modifications each from one strand fall on the
other end of the duplex region, having an overlap of one, two or three nucleotides; two
modifications one strand fall on cach side of the lead motif, having an overlap of one, two or

three nucieotides in the duplex region.

In one embodiment, every nucleotide in the sense strand and antisense strand of the
RNA agent, including the nucleotides that are part of the motifs, may be modified. Each
nucleotide may be modified with the same or different modification which can include one or
more alteration of one or both of the non-linking phosphaie oxygens and/or of one or more of
the Iinking phosphate oxygens; alteration of a constituent of the ribose sugar, ez, of the 7/
hydroxyl on the ribose sugar; wholesale replacement of the phosphate moicty with
“dephosphe” linkers; modification or replacement of a naturally occurring base; and

replacement or modification of the ribose-phosphate backbone.

As nucleic acids are polymers of subunits, many of the modifications occur at a
position which is repeated within a nucleie acid, e.g., a modification of a base, or a phosphate
moiety, or a non-linking O of a phosphate moicty. In some cases the modification will occur
at all of the subject positions in the nucleic acid but in many cases it will not. By way of
example, a modification may only occur at a2 37 or 5 terminal position, may only occurina
terminal region, e.g., at a position on a terminal nucleotide or mthe last 2, 3, 4, S, or 16

24
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nucleotides of a strand. A modification may occur in 3 double strand region, a single strand
region, or in both. A modification may cccwr only in the double strand region of a RNA or
may only occur in a single strand region of a RNA. For exanple, a phosphorothioate
modification at a non-linking O posttion may only occur at one or both termini, may only
gocur in a terminal region, e.g., at a position on a terminal nucleotide or mthe last 2,3, 4, §,
or 10 nucleotides of a strand, or may occur in double sirand and single strand regions,

particularly at teroint. The 57 end or ends can be phosphorylated.

It may be possible, e.g., to enhance stability, to include particular bases in overhangs,
or to include modified nucleotides or nucleotide surrogates, in single strand overhangs, ¢.g.,
m a3 or 3 overhang, or in both, For example, it can be desirable to include purine
nucleotides i overhangs. In some embodiments all or some of the bases ina 3" or 5
overhang may be modified, ¢.g., with a modification described herein. Modifications can
melude, ¢.g., the use of modifications at the 27 position of the ribose sugar with rodifications
that are known in the art, ¢.g., the use of deoxyribonucleotides, |, 2°-deoxy-2"-fluoro (27-F) or
27-C-methyl modified instead of the ribosugar of the nucleobase , and modifications in the
phosphate group, ¢.g., phosphorothioate modifications. Overhangs need not be homologous

with the target sequence.

In one embodiment, cach residue of the sense strand and antisense strand is
mdepeundently modified with ENA, HNA, CeNA, 27 -methoxyethyl, 2°- O-methyl, 27-O-allyl,
2°-C- allyl, 2°-deoxy, 27-hydroxyl, or 2°-fluore. The strands can contain more than one
maodification. In one embodiment, each residue of the sense strand and antisense strand is

ndependently moditied with 2°- O-methyl or 2°-fluoro.

At least two different modifications are typically present on the sense strand and
antisense sirand. Those two modifications may be the 27~ O-methyi or 2°-fluoro

modifications, or others,

In one embodiment, the N, and/or Ny, comprise modifications of an alternating
pattern. The ferm “alternating motif” as used herein refers (0 a motif having one or more
maodifications, cach modification occurring on alternating nucleotides of one strand. The
alternating nucleotide may refer to one per every other nucleotide or one per every three
nucleotides, or a similar pattern. For example, if A, B and C cach represent one type of

modification fo the nucleotide, the alternating motif can be “ABABABABABARB...)”

PCT/US2015/054881
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“AABBAABBAABE.. " “AABAABAABAAB.. " “AAABAAABAAAB.. )
“AAABBBAAABRBRB.. . or “ABCABCABCARBC...)” etc.

The type of modifications contained in the alternating motif may be the same or
different. For example, if A, B, C, D cach represent one type of modification on the
nucleotide, the alternating patiern, i e, modifications on cvery other nucieotide, may be the
same, but each of the sense strand or antisense strand can be selected from several
possibilities of modifications within the alternating motif such as “ABABAB...”,

“ACACAC..”“BDBDBD. 7 or “CRCDRCD. . ,)” efc.

In one embodiment, the RNA1 agent of the fnvention comprises the modification
pattern for the alternating motif on the sense strand relative to the modification pattern for the
alternating motif on the antisense strand is shifted. The shift may be such that the modified
group of nucleotides of the sense strand corresponds to a differently meodified group of
nucleotides of the antisense strand and vice versga. For example, the sense strand when paired
with the antisense strand in the dsSRNA duplex, the alternating motif in the sense strand may
start with “ABABAR” from 5°-3” of the strand and the alternating motif in the antisense
strand may start with “BABABA” from 5°-3"of the strand within the duplex region. As
another example, the alternating motif in the sense strand may start with “AABBAABR”
from 57-3° of the strand and the alicrnating motif in the antisense strand may start with
“BBAABBAA™ from 5°-37 of the strand within the duplex region, so that there is a complete

or partial shift of the modification patterns between the sense strand and the antisense strand.

In one cmbodiment, the RNA1 agent comprises the pattern of the alternating motif of
2-O-methy! modification and 2°-F modification on the sense strand initially has a shift
relative to the pattern of the alternating motif of 2'-O-methy! modification and 2°-F
modification on the antisense strand initially, i.e., the 2'-O-methyl modified nucleotide on the
sense strand base pairs with a 2'-F modified nucleotide on the antisense strand and vice versa.
The 1 position of the sense strand may start with the 2'-F modification, and the | position of

the antisense strand may start with the 2'- O-methy! modification.

The mtroduction of one or more motifs of three 1dentical modifications on three
consecative nucleotides to the sense strand and/or antisense strand interrupts the initial
modification paticrn present in the sense strand and/or antisense strand. This interruption of

the modification pattemn of the sense and/or antisense strand by introducing one or more
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motifs of three identical modifications on three consecutive nucleotides to the sense and/or

antisense strand surprisingly enbances the gene silencing activity to the target gene.

In one embodiment, when the motif of three identical modifications on three
consecative nucleotides 1s introduced to any of the strands, the modification of the nucleotide
next to the motitf is a different modification than the modification of the motif. For example,
the modification of the motif of three identical modifications on three consecutive nucleotide,
and “N,” and “N,” represent a modification to the nucleotide next to the motf “YYY™ that is
different than the modification of Y, and where N, and Ni can be the same or different
maodifications. Alternatively, N, and/or N, may be present or absent when there is a wing

modification present.

The RNAI agent may further comprise at least one phosphorothioate or
methylphosphonate intermucleotide inkage. The phosphorothicate or methylphosphonate
imternucleotide linkage modification may occur on any nucleotide of the sense strand or
antisense strand or both strands in any position of the strand. For instance, the
miernucleotide linkage modification may occur on every nucleotide on the sense strand
and/or antisense strand; cach internucleotide linkage modification may occur in an alternating
paticrn on the sense strand and/or antisense strand; or the sense strand or antisense strand
may contain both intermucicotide linkage modifications in an alicrnating pattern. The
aliernating pattern of the internocleotide linkage modification on the sense strand may be the
same or different from the antiscnse strand, and the alterpating pattern of the internucleotide
linkage meodification on the sense strand may have a shift relative to the altcroating patiorn of

the internucleotide linkage modification on the antisense strand.
o)

In one embodiment, the RNAI compriscs a phosphorothioate or methylphosphonate
mternucleotide linkage modification in the overhang region. For example, the overhang
region may contain two nucleotides having a phosphorothicate or methylphosphonate
mternucleotide linkage between the two nucleotides.  Internucleotide linkage modifications
also may be made to link the overhang nucleotides with the terminal paired mucleotides
within the duplex region. For example, at least 2, 3, 4, or all the overhang nucleotides may
be linked through phosphorothioate or methylphosphonate internucleotide linkage, and
optionally, there may be additional phosphorothioate or methyiphosphonate interoucleotide
linkages linking the overhang nucleotide with a paired nucicotide that is next to the overhang

nucleotide. For instance, there may be at least two phosphorothioate internucleotide inkages

o]
~
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between the terminal three nucleotides, in which two of the three nucleotides are overhang
nucleotides, and the third is a paired nucleotide next to the overhang nucleotide. These
terminal three nucleotides may be at the 3"-end of the antisense strand, the 37-cnd of the sense

strand, the 57-end of the antisense strand, and/or the 57end of the antisense strand.

In one embodiment, the 2 nucleotide overhang is at the 3"-end of the antisense strand,
and there are two phosphorothioate internucleotide linkages between the terminal three
nucleotides, wherein two of the three nuclectides are the overhang nucleotides, and the third
nucleotide is a paired nucleotide next to the overhang nucleotide.  Optionally, the RNAI
agent may additionally have two phosphorothioate internucleotide linkages between the
terminal three nucleotides at both the 5-end of the sense stvand and at the $7-end of the

antisense strand.

In one embodiment, the RNAI agent comprises mismatch{es) with the target, within
the duplex, or combinations thereof. The mismatch may occur in the overhang region or the
doplex region. The base pair may be ranked on the basis of their propensity to promoie
dissociation or mekting {(e.g., on the free energy of association or dissociation of a particular
pairing, the simplest approach is to examine the pairs on an individual pair basis, though next
neighbor or similar analysis can also be used). In terms of promoting dissociation: AU is
preferred over G:C; G:U is preferred over G:C; and 1T is preferred over G:C (I=inosine).
Mismatches, e.g., non-canonical or other than canordcal pairings (as described clsewhere
herein) are preferred over canonical (AT, A, G:C) pairings; and pairings which include a

universal base are preferred over canonical pairings.

I one embodiment, the RNA1 agent comprises at least one of the first 1,2, 3,4, 01 3
base pairs within the doplex regions from the 57- end of the antisense strand independently
selected from the group of: AU, G:U, I.C, and mismatched pairs, e.g., non-canonical or other
than canonical pairings or pairings which include a universal base, to promote the

dissociation of the antisense strand af the 57-end of the duplex.

In one embodiment, the nucleotide at the 1 position within the duplex region from the
57-end in the antisense strand is selected from the group consisting of A, dA, AU, U, and dT.
Alternatively, at least one of the first 1, 2 or 3 base pair within the duplex region from the §°-
end of the antisense strand is an AU base pair. For example, the first base pair within the

duplex region from the 57- end of the antisense strand 15 an Al base pair.

In one embodiment, the sense strand sequence may be represented by formuda (I):
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5 - Np-(X X X )eNo-Y ¥ Y -No(Z Z Z )-Noeir 3 (1)
wherein:

iand j are cach independently 0 or 1;

p and q are cach independently (-6;

cach N, independently represents an oligonucieotide sequence comprising (-28
modified nucleotides, cach sequence comprising at least two differently modified

nucleotides;

cach Ny mdependently represents an oligonucleotide sequence comprising 0-10

modified nucleotides;

each n, and 0, independently represent an overhang nucleotide;

wherein Nb and Y do not have the same modification; and

XXX, YYY and ZZ7 each independently represent onc motif of three identical
modifications on three consecutive nucleotides, Preferably YYY is all 27-F moditicd
nucleotides.

In one embodiment, the N, and/or N, comprise moedifications of alternating pattern.

In one embodiment, the YY'Y motif occurs at or near the cleavage site of the sense
strand. For cxample, when the RINA1 agent has a duplex region of 17-23 nucleotides in
length, the YY'Y motif can occur at or the vicinity of the cleavage site (e.g.: can ocour at
positions 6,7,8,7,8,9,8,9, 10,9, 10, 11, 10, 11,12 or 11, 12, 13) of - the sense strand, the
count starting from the 1* nucleotide, from the 3 -end; or optionally, the count starting at the
¥ paired nucleotide within the duplex region, from the 5~ end.

Inone embodiment, iis Land jis 0, ortis Oand jis 1, or both 1 and j are 1. The sense
strand can therefore be represented by the following formulas:

5 op-Ne-YYY-Np-ZZ7-Neng 3' (Ib);

5 np-Ng-XXX-Np-YYY-Norng 3' (Ic); or

50N XXX-Np-YYY-No-ZZZ-No-ng 3 (Id).

When the scuse strand is represented by formula (Ib), Ny represents an

oligonucleotide sequence comprising -10, 8-7, (-5, (-4, 0-2 or 0 modified nucleotides. Fach

29
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N, independently can represent an oligonucleotide sequence comprising 2-20, 2-15, or 2-10

maodified nocleotides.

When the sense strand 1s represented as formula {I¢), Ny, represents an oligonucleotide
sequence comprising 0-10, -7, 3-14, 0-7, 0-5, 0-4, 0-2 or § modified nuclectides. Each N,
can independently represent an oligonucleotide sequence comprising 2-20, 2-15, or 2-10

modified nucleotides.

When the sense strand is represented as formwla (Id), cach N, independently
reprosents an oligonucieotide sequence comprigsing 0-10, 0-7, 0-5, 0-4, 0-2 or 0 modified
nucleotides. Preferably, Npi8 0, 1, 2,3, 4, S or 6 Each N, can independently represent an

sligonacleotide sequence comprising 2-20, 2-15, or 2-10 modified nuclootides.
Each of X, Y and Z may be the same or different from each other.

In other embodiments, 1 is § and § is 0, and the sense strand may be represenied by the

formula:
§np-N-YYY- No-ng 3 (Ta).

When the seuse strand is represented by tforrouda (1a), cach Ny independently can

represent an oligonucleotide sequence comprising 2-20, 2-15, or 2-10 modificd nucleotides.

In one embodiment, the antisense strand sequence of the RNA1 ny be represented by
9 o by

formula (1f):
§ 0 N {228 3-I-YY Y N (XXX )Ny 3 (i
wherein:
k and 1 arc cach independently O or 1;
p’ and ¢ are cach independently §-6;

cach N, independently represenis an oligonucieotide sequence comprising 0-25
maodified nucleotides, each sequence comprising at least two differently moditied

mucleotides;

cach Ny’ independently represents an oligonucleotide sequence comprising 0-10

modified nucleotides;
each n,’ and n' independently represent an overhang nucleotide;

wherein Ny and Y~ do not have the same modification;

.
o
o
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and

XXX, YNY and 27277 cach independently represent one motif of three identical

modifications on three consecutive nucleotides.
In one embodiment, the N, and/or N,™ comprise modifications of aliomating pattern,

The YY'Y' motif occurs at or near the cleavage site of the antisense strand. For
cxample, when the RINA1 agent has a duplex region of 17-23nucleotidein length, the Y'Y’
motif can occur at positions 9, 10, 11,10, 11, 12; 11,12, 13; 12,13, 14 ; or 13, 14, 15 of the
antisense strand, with the count starting from the 1™ nucleotide, from the 5 -end; or
optionally, the count starting at the 1™ paired nucleotide within the duplex region, from the

5~ end. Preferably, the YY'Y' motif ocours at positions 11, 12, 13,
In one embodiment, Y'YY' motifis all 2°-OMe modified nucleotides.
In one embodiment, kis Tandlis 0, orkis Oand lis I, or both k and | are 1.
The antisense strand can therefore be represented by the following formulas:
5§ o -Ng -2 -NY-Y YY Ny - 3 {Ub);
3 ng-NS-YYY-Ny-X'X'X'n, 3" {Ilc); or
S g N~ 2N Y YY N - XTXX-N -0 31 (Hd).

When the antisense strand is ropresented by formula (1), Ny, reprosents an

oligonucieotide sequence comprising 0-10, 0-7, 0-10, 0-7, 0-5, 0-4, 0-2 or § modified
nucleotides. Hach N, independently represents an oligonucleotide sequence comprising 2-

20, 2-15, or 2-10 modified nucleotides.

When the antisense strand is represented as formula (Tle), Ny’ represents an
oligonucleotide sequence comprising 0-10, -7, 3-140, 0.7, 0-5, 0-4, 0-2 or § modified
nucleotides. Hach N, independently represenis an oligonucleotide sequence comprising 2-

20, 2-15, or 2-10 modified nucleotides.

When the antisense strand is represented as formula (JId), each Ny independently
epresents an oligonucieotide sequence comprising 0-10, (-7, 0-18, -7, 6-5, 0-4, (-2 or O
modified nucleotides. Each N, independently represents an oligonucleotide sequence

comprising 2-20, 2-18, or 2-10 modified nucleotides. Preferably, Ny is 0, 1,2,3,4, 5 or 6.

In other embodiments, k is § and 1 is { and the antisense strand may be represented by

the formula:

(]
i,
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5 np-Ne-Y Y'Y - No-ng 3 (Ja).

When the antisense strand is represended as formula (fla}, cach Ny° independently

represents an oligonucleotide sequence comprising 2-20, 2-153, or 2-10 modified nucleotides.
Each of X', Y’ and 7’ may be the same or different from cach other,

Each nucleotide of the sense strand and antisense strand may be independently
modified with INA, HNA, CeNA, 2 -methoxyethyl, 27-G-methyl, 27-O-allyl, 27-C- allyl, 2°-
hydroxyl, or 2°-fluoro. For example, cach nucleotide of the sense strand and antisense strand
1s independently modified with 2°-O-methylt or 2°-fluore. Fach X, Y, 7, X, Y and 2, in

particular, may represent a 27-O-methyl modification or a 27-floors modification.

In one embodiment, the sense strand of the RNAJ agent may contain YY'Y motif
occurring at 9, 10 and 11 positions of the strand when the duplex region i3 21 nt, the count
starting from the 1% nucieotide from the 5-end, or optionally, the count starting at the 17
paired nucleotide within the duplex region, from the 57- end; and Y represents 2°-F
modification. The sense strand may additionally contain XXX motit or 277 monfs as wing
modifications at the opposite end of the duplex region; and XXX and 727 cach

ndependently represents a 27-OMe modification or 2°-F modification.

In one embodiment the antisense strand may contain Y'Y'Y motif occurring at
positions 11, 12, 13 of the strand, the count starting from the 1™ nucleotide from the §-end,
ot optionally, the count starting at the 1™ paired nucleotide within the duplex region, from the
57~ end; and Y’ represents 2°-O-methyl modification. The antisense strand may additionally
contain XXX’ motif or Z77'7 motifs as wing moedifications at the oppoesite end of the duplex
region; and XXX’ and Z'Z'Z’ cach independently represents a 27-OMce maodification or 2°-F

modification.

The sense strand represented by any one of the above formulas (Ta), (Ib), (Io), and (Id)
forms a duplex with an antiscnse strand being represented by any one of formulas {1a}, (ib),
(Ile), and (11d), respectively.

Accordingly, the RNA1 agents for use i the methods of the invention may comprise a
sense strand and an antisense strand, each strand having 14 to 30 nucleotides, the RNAJ
duplex represented by formula (H1):

sense: 5 0y -Ner(X X X -Npe Y Y Y Ny «(Z Z Z)-Nenng 3

antisense: 3 1y <Ny (00X K p-Ny, <Y Y'Y Ny (222NN, -y 5

(5]
oo



Nl
W

20

o

WO 2016/057893

PCT/US2015/054881
(1)
wherein:
i, §, k, and F are cach indepondently 0 or 1;
0, q, and g are each independently 0-6;

cach N, and N, independently reprosents an oligonucleotide sequence comprising -

25 modified nucleotides, cach sequence comprising at least two differerdly modified
nucleotides;

gach Ny and Ny independently represents an oligonucleotide sequence comprising (-
10 modified nucleotides;
whergin

each uy’, 1y, 1y, and ng, each of which may or may not be present, independently
represents an overhang nucleotide; and

KXX,YYY, 2722, XXX, YY'Y', and 277727 each independently represent one motif
of three 1dentical modifications on three consecutive nucieotides.

In one embodiment, iis Oand jis 0y oriis tand jis O; or1is O and j is 1; orboth 1 and

jare ; or bothiand j are 1. fn another emboediment, kis Qand lis O orkis Jand His O, kis
and 1is 1; orboth kand Lare 0; or both k and L are 1.

Excmplary combinations of the sense strand and antisense strand forming a RNA#
duplex mchide the formulas below:
57, No-Y Y Y N 3
30, N, Y'Y -Nong §
(TTla)
50, -Ny-Y Y Y Ny -Z Z Z Ny 3
3 np NG -YYY Ny 222 Ny pg S
(1i1b)
S op-Ne- XXX -MNo-YY Y - Nypmg &

3y Ny XXX N Y YY N, g 5
(1te)

2
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50, N, - XXX -NW-YYY-Ny- ZZZ -N,ny 3'
3y N XXX NG XY YN -2 Ny 5
(11d)

When the RNAJ agent is represented by formula (Ha), each N, independently

represents an oligonuclestide sequence comprising 2-20, 2-15, or 2-10 modified mucleotides.

When the RNA1 agent is vepresended by formula (HIb), cach Ny independently
represents an oligonucleotide sequence comprising 1-10, 1-7, 1-5 or 1-4 modified
nucleotides. Each N, mdependently represents an oligonucleotide sequence comprising 2-20,

2-15, or 2-10 modified nucleotides.

When the RNA{ agent is represented as formula (Hic), each My, Ny independently
represents an oligonucieotide sequence comprising 0-10, (-7, 0-10, 6-7, G-5, 0-4, (-2 or
Omodificd nucleotides. Each N, independently reprosents an oligonucieotide sequence

comprising 2-20, 2-15, or 2-10 modified nucleotides.

When the RNAi agent is represented as foromuda (1Hd), cach Ny, Ny” independently
represents an oligonucleotide sequence comprising 0-10, 0-7, 0-190, 0-7, -5, 0-4, (-2 or
Omodified nucleotides. Bach N, N, independently represents an oligonucleotide sequence
comprising 2-20, 2-15, or 2-10 modified nucleotides. Each of Ny, N, Ny and Ny

independently comprises modifications of alternating pattorn.

Each of X, Y and Z in formualas (HD), (IHa), (I1b), (1ile), and (111d) may be the same

or different from each other.

When the RNAI agent is represented by formula (H1), (ITfa), (ITtb}, (e}, and (111d},
at least one of the Y nucleotides may form a base pair with one of the Y nucleotides.
Alterpatively, at least two of the Y nucleotides form base pairs with the corresponding Y’
nucleotides; or all three of the Y nucleotides all form base pairs with the corresponding Y’

nucleotides.

When the RNAG agent is represented by forowla (1) or (1), at least onc of the 72
nucleotides may form a base pair with one of the 7' nucleotides. Alternatively, at least two of
the Z nucleotides form base patrs with the corresponding 2" nucleotides; or all three of the Z

nuclootides all form base pairs with the corresponding 7' mucleotides.

When the RNA1 agent is represented as formula (H1e) or (THd), at least one of the X

nucleotides may form a base pair with onc of the X’ nucleotides. Alternatively, at least two
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of the X nocleotides form base pairs with the corresponding X nucleotides; or all three of the

X nucleotides all form base pairs with the corresponding X' nucleotides.

I one embodiment, the modification on the Y nuclestide 15 different than the
modification on the Y nucleotide, the modification on the Z nucleotide is different than the
modification on the Z7 nucleotide, and/or the modification on the X nucleotide is differeni

than the modification on the 20 nucleotide.

In one embodiment, when the RNAi agent is represented by formula (HId), the N,
modifications are 2'-O-methyl or 2'-fluore medifications. In another embodiment, when the
RNA1 agent 1s represented by formula (11id), the N, modifications are 2'-O-methyl or 27-
fluoro modifications and vy’ >0 and at least one n,' is linked to a neighboring nucleotide a via
phosphorothioate linkage. In yvet another embodiment, when the RNAJ agent 18 represented
by formula (11id), the N, modifications are 2'-O-methyl or 2'-flyoro modifications , n,’ >0
and at least one n,' is linked to a neighboring noclectide via phosphorothioate hinkage, and
the sense strand is conjugated to one or more GalNAc derivatives attached through a bivaleot
or trivalent branched linker. In another embodiment, when the RNAJ agent is represented by
formula (Il1d), the N, modifications are 2'-O-methyl or 2'-fluorc modifications , n,” >{} and at
least one 1y’ 15 linked to a neighboring nucleotide via phosphorothioate linkage, the sense
strand comprises at least one phosphorothioate linkage, and the sense strand 13 conjugated to

one or more JalNA¢ derivatives attached through a bivalent or trivalent branched Hoker.

In one embodiment, when the RNA1 agent is represented by formula (Ia), the N,
madifications are 2'-O-methyl or 2'-flucro modifications , ny’ >0 and at least one ny’ is linked
{0 a neighboring nucleotide via phosphorothioate linkage, the sense strand comprises at least
one phosphorothioate linkage, and the sense strand s conjugated to one or more GalNAc

derivatives attached through a bivalent or frivalent branched linker.

In one embodiment, the RNA1 agent is a multimer containing at least two duplexes
represented by formula (111, (Hia), (I11b), (illc), and ({1ld}, wherein the duplexes are
connected by a linker. The linker can be cleavable or non-cleavable. Optionally, the
multimer further comprises a ligand. Each of the dupicxes can target the same gene or two
different genes; or cach of the duplexes can target same gene at two different target sites.

In one embodiment, the RNAT agent is a multimer containing three, four, five, six or
more duplexes represented by formula (11}, (Ila), (11b), (Hic}, and (Iild), wherein the

duplexes are connected by a hinker. The linker can be cleavable or non-cleavable.

(3]
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Optionally, the muoltimer further comprises a igand. Each of the duplexes can target the
same gene or two different genes; or cach of the duplexes can target same gene at two

different targot sites.

In one embodiment, two RNAI agents represented by formela (1H), (IHa), (Hib),
(ificy, and {1Id} are linked to cach other at the 57 end, and ong or both of the 37 ends and are
optionally conjugated to a Hgand. Fach of the agents can target the same gene or two
different genes; or each of the agents can target same gene at two different target sites.

Various publications describe nultimeric RN A1 agents that can be used io the
methods of the invention. Such publications include WQO2007/091269, US Patent No.
7858769, WO201{/14151 1, WO2007/117686, WO2009/014887 and WO201 /031520 the

entire contents of each of which are hereby ncorporated herein by reforence.

The RNAI agent that contains conjugations of one or more carbohydrate moicties to a
RNAi agent can opiimize one or more properties of the RNA{ agent. In many cascs, the
carbohydrate raoicty will be attached o a modified subunit of the RNAI agent. For example,
the ribose sugar of one or more ribonucleotide subunits of a dsRNA agent can be replaced
with another moiety, e.g., a non-carbohydrate (preferably cyclic) carrier to which is attached
g carbohydrate ligand. A ribonucleotide subunit in which the ribose sugar of the subunit has
heen so replaced is referred to berein as a vibose replacement modification subunit (RRMS).
A cyclic carrier may be a carbocyelic ring system, e, all ring atoms ave carbon atoms, or a
heterocyclic ring system, L.e., one or more 1ing atoms may be a hetercatom, e.g., nitrogen,
oxygen, sulfur. The cyclic carrier may be a monocychic ring system, or may contain two o7
more rings, e.g. fused vings. The cyclic carrier may be a fully saturated ring system, or it may

contain one or more double bonds.

The ligand may be attached to the pelyoncieotide via 2 carrier. The carriers include
(1) at least one “backbone attachment point,” preferably two “backbone attachment points”
and (11) at least one “tethering attachment point.” A “backbone attachment point” as used
herein refers (o & functional group, e.g. a hydroxyi group, or generally, a bond available for,
and that 15 suitable for incorporation of the carrier into the backbone, e.g., the phosphate, or
modified phosphate, e.g., sulfur containing, backbene, of a ribonuclkeic acid. A “tethering
attachument point” (TAP) in some embodiments refers to a constituent ring atom of the cyclic
carrier, e.g., a carbon atora or a heteroatom (distinet from ap atom which provides a backbone

attachment point), that connects a selected moiety. The moiety can be, e.g., a carbohydrate,
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e.g. monosaccharide, disaccharide, trisaccharide, tetrasaccharide, oligosaccharide and
polysaccharide. Optionally, the selected moicty 1s connected by an intervening tether o the
cyelic carrier. Thus, the cyelic carrier will ofien include a functional group, e.g., an amino
group, or generally, provide a bond, that is suitable for incorporation or tethering of another

chemical entity, e.g., a ligand to the constituent ring.

The RNAI agents may be conjugated to a ligand vig a camrier, wherein the carrier can
be cychic group or acychic group; preferably, the cyelic group 15 selected from pyrrolidingl,
pyrazolinyl, pyrazolidinyl, imidazolinyl, imidazolidinyl, piperidinyl, piperazinyl,
[1,3ldioxolane, oxazolidinyl, isoxazolidinyi, morpholinyl, thiazolidinyl, isothiazolidinyl,
guinoxahnyl, pyridazmonyl, tetrahydrofuryl and decalin; preferably, the acychic group is

selected from serinol backbone or diethanolamine backbone.

In certain specific embodiments, the RNAI agent for use in the methods of the
imvention is an agent selected from the group of agents listed in any one of Tables L and 2. In
one embodiment, when the agent is an agent listed in Table 1, the ageni may lack a torminal
dT.

The present invention further includes double-stranded RNAT agents comprising any
one of the sequences listed in any one of Tables 1 or 2 which comprise a 57 phosphate or
phosphate mimetic on the antisense strand (see, e.g.. PCT Publication No. WO 2011005860).
Further, the present invention includes double-stranded RNAG agents comprising any one of
the sequences histed in any one of Tables 1 or 2 which include a 2’ fluoroe group in place ofa
2"-OMe group at the 5’end of the sense strand.

Additional metifs

In certain aspects, the double-stranded RNAG agenis described hercin comprises a

sense strand and an antisense strand wherein saild sense strand and an antisense strand

comprise less than eleven, ten, nine, gight, seven, six, or five 2"-deoxyflours.

In certain aspects, the double-stranded RNA1 agents described herein comprises 2
sense strand and an antisense strand, wherein said sense strand and an antisense strand
comprise less than ten, ning, eight, seven, six, five, four phosphorothioate internuclectide

linkages.

In certain aspects, the double-stranded RNA{ agents described herein comprises a

sense strand and an antisense strand, wherein said sense strand and an antisense strand

(OS]
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comprise less than ten 27-deoxy flouro and less than six phosphorothioate internucleotide

linkages.

In certain aspects, the double-stranded RNAJ agents described herein comprises a
sense strand and an antisense strand, wherein said sense strand and an antisense Strand
5 comprise less than cight 27-deoxytlouro and less than six phosphorothicate internucleotide

Iinkages.

In certain aspects, the double-stranded RNA1 agents described hercin comprises a
scnse strand and an antisense strand, wherein said sense strand and an antisense strand
comprise less than nine 2°-deoxytiouro and less than six phosphorothioate internucleotide

10 linkages.
Ligands

The double-stranded RNAI agents of the invention may optionally be conjugated to
one of more ligands., The ligand can be attached to the sense strand, antisense strand or both
strands, at the 3°-cnd, 57-end or both ends. For instance, the ligand may be conjugated to the

15 sensestrand. In some embodiments, the igand is conjugated to the 3"-end of the sense
strand. In onc cmbodiment, the ligand is a GalNAc ligand. In particularly some
embodiments, the ligand 15 GalNA¢:. The ligands are coupled, preferably covaleatly, cither

directly or indirectly via an intervening tether.

In some embodiments, a ligand alters the distribution, targeting or lifctime of the
20 molecule into which it is incorporated. In some embodiments a ligand provides an enhanced
affinity for a selected target, e.g., molecule, cell or cell type, compartment, receptor e.g., a
cellular or organ compartiment, tissue, organ or region of the body, as, e.g., compared to a
spocics absent such a ligand. Ligands providing enhanced affinity for a selected target are

also termed targeting ligands.

Nl
W

Some ligands can have endosomolytic properties. The endosomolytic ligands
promote the fysis of the endosome and/or transport of the composttion of the invention, or s
components, from the endosome to the cytoplasm of the cell. The endosomolytic higand may
be a polyanionic peptide or peptidomimetic which shows pH-dependent membrane activity
and fusogenicity. In onc embodiment, the cndosomolytic ligand assumes its active
30 conformation at endosomal pH. The “active” conformation is that conformation in which the
endosomolytic Hgand promotes ysis of the endosome and/or transport of the composition of

the invention, or its components, from the endosome to the cytoplasm of the cell. Excmplary
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endosomolytic ligands inchide the GALA peptide {Subbarac ef ¢l Bicchemistry, 1987, 26:
2964-2972), the EALA peptide (Vogel e al., . Am. Chem. Soc., 1996, 114 1581-1586}, and
their derivatives (Turk ef al., Biochem. Biophys. Acta, 2002, 1559 56-68). Tnone
embodiment, the endosomolytic component may contain a chenical group (e.g., an amino
acid) which will andergo a change in charge or protonation in response to a change in pH.

The endosomalytic component may be linear or branched.

Ligands can improve transport, hybridization, and specificity properties and may also
improve nuclease resistance of the resultant natural or modified oligoribonucicotide, ora
polymeric molecule comprising any combination of monomers described herein and/or

natural or modified ribonucleotides.

Ligands in general can inciude therapeutic modifiers, e.g., for enhancing uptake;
diagnostic compounds or reporter groups e.g., for monitoring distribution; cross-Hnking
agents; and nuclease-resistance conferring moieties. General examples inchude lipids,

steroids, viiamins, sugars, profeins, peplides, polyamines, and peptide mimics.

Ligands can include a natarally occurring substance, such as a protein {e.g., human
serum albumin (HSA), low-density lipoprotein (LDL), high-density hipoproten (HDL), or
globulin); a carbohydrate (e.g., a dexitran, pullulan, chitin, chitosan, imufin, cyclodexirin or
hyaluronic acid); or a lipid. The lgand may also be a recombinant or syunthetic molecule,
such as a synthetic polymer, e.g., a synthetic polyamino acid, an oligonucleotide {e.g., an
aptamer). Examples of polyamino acids include polyamine acid is a polylysine (PLL),
poly L-aspartic acid, poly L-ghutamic acid, styrene-maleic acid anhydride copolymer, poly(L.-
lactide-co-glycohied) copolymer, divinyl ether-maleic anhydride copolymer, N-(2-
hydroxypropylimethacrylamide copolymer (HMPA), polyethylene glycol (PEG), polyvinyl
alcobol (PVA), polyurethane, poly(Z-ethylacryllic acid), N-isopropylacrylamide polymers, or
polyphosphazine. Example of polyamines include: polyethylenimine, polylysine (PLL},
spermine, spermidine, polyamine, pseudopeptide-polyamine, peptidonimetic polyamine,
dendrimer polyamine, arginine, amidine, protamine, cationic lipid, cationic porphyrin,

quaternary salt of a polyamine, or an alpha helical peptide.

Ligands can also inclade targeting groups, e.g., a cell or tissue targeting agent, e.g., 2
lectin, glycoprotein, lipid or protein, e.g., an antibody, that binds to a specified cell type such
as a kidoey cell. A targeting group can be a thyrotropin, melanotropin, lectin, glycoprotein,

surfactant protein &, Mucin carbohydrate, multivalent lactose, multivalent galactose, N-

Lo
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acetyl-galactosaming, N-acetyl-gulocosamine mudtivalent mannose, multivalent fucose,
glycosylated polyaminoacids, multivalent galactose, transforrin, bisphosphonaie,
polyghitamate, polyaspartate, a lipid, cholesterol, a steroid, bile acid, folate, vitamin Bi7Z,

biotin, an RGD peptide, an RGD peptide mimetic or an aptamer.

Other examples of ligands iochude dyes, intercalating ageunts {e.g., acridines}, cross-
linkers (e.g., psoralene, mitomycin C), porphyrins (TPPC4, texaphyrin, Sapphyrin},
polyeyclic aromatic hydrocarbons {e.g., phenarine, dihydrophenazing), artificial
endonucleases or a chelator {e.g., EDTA), lipophilic molecules, e.g., cholesterol, cholic acid,
adamantane acetic acid, 1-pyrene butyric acid, dihydrotestosterone, 1,3-Bis-
OthexadecyDglyeerol, geranyloxvhexyl group, hexadecviglyeerol, borneol, menthoi, 1,3-
propanediol, heptadecyl group, palmitic acid, myristic acid, O3-{oleoyDlithochohie acid, O3-
(oleoylicholenic acid, dimethoxyirityl, or phenoxazine)and peptide conjugates {e.g.,
antennapedia peptide, Tat peptide), altkylating agents, phosphate, amino, mercapto, PEG (e.g.,
PEG-40K), MPEG, [MPEGH], polyamino, alkyl, substituted alkyl, radiolabeled markers,
enzymes, haptens {e.g., biotin), transport/absorption facilitators {e.g., aspirin, vitamin E, folic
acid), synthetic ribonucleases {e.g., imidazole, bisimidazole, histamine, imidazole clusters,
acridine-imidazole conjugates, Fu3+ complexes of tetraaramacrocyeles), dinitrophenyl, HRP,

or AP,

Ligands can be profeins, e.g., glycoproteins, ot peptides, e.g., molecules having a
specific affinity for a co-ligand, or antibodies e.g., an antibody, that binds to a specified cell
type such as a cancer celf, endothehial cell, or bone cell. Ligands may also include hormones
and hormone receptors. They can also include non-peptidic species, such as lipids, lectins,
carbohvdrates, vitamins, cofactors, multivalent lactose, multivalent galactose, N-acetyl-
galactosamineg, N-acetyl-gulocosamine multivalent mannose, multivalent fucose, or aptamers.
The ligand can be, for example, a lipopolysaccharide, an activator of p38 MAP kinasc, or an

activator of NF-xB.

The ligand can be a substance, e.g., a drug, which can increase the uptake of the
iRNA agent into the cell, for example, by disrupting the cell’s cytoskeleton, e.g., by

disrupting the cell’s microtubules, microfilaments, and/or intermediate filaments. The drug
can be, for example, taxon, vincristing, vinblastine, cytochalasin, nocodarole, japlakinolide,

fatranculin A, phalloidin, swinholide A, indanocine, or myoservin,

44



16

ot
o

36

WO 2016/057893 PCT/US2015/054881

The ligand can increase the uptake of the oligonuclestide into the cell by, for
cxample, activating an inflammatory response. Exemplary ligands that would have such an
ctfect inchude tumor necrosis factor alpha (TNFalpha), interleukin-1 beta, or gamma

mterferon.

In one aspect, the ligand is a lipid or lipid-based molecule.  Such a fipid or lipid-
based molecule preferably binds a serum protein, 2.g., human serum albumin (HSA). An
HSA binding ligand allows for distribution of the conjugate to a target tissue, e.g., a non-
kidney target tissuc of the body. For example, the target tissue can be the biver, including
parenchymal cells of the liver. Other molecules that can bind HSA can also be used as
ligands. For example, naproxen or aspirin can be used. A lipid or lipid-based ligand can (a)
ncrease resistance to degradation of the conjugate, (b) increase targeting or transport into a
target cell or cell membrane, and/or (¢} can be used to adjust binding to a serum proiein, e.g.,

HSA.

A lipid based higand can be used to modulate, e.g., coniroi the binding of the
corjugate to a target tissue. For example, a liptd or lipid-based ligand that binds to HSA
more strongly will be less likely to be targeted 10 the kidney and therefore less likely to be
cleared from the body. A lipid or lipid-based ligand that binds to H3A lcss strongly can be

used to target the conjugate to the kidney.

In one embodiment, the lipid based ligand binds HSA. Preferably, it binds HSA with
a sufficient athinity such that the conjugate will be preferably distributed to a non-kaduey
fissue. In one embodument, the atfinity is such that that the H3A-ligand binding can be
reversed. In another embodiment, the lipid based ligand binds HSA weakly or not at all, such
that the conjugate will be preferably distribuied to the kidney. Gther moietics that target to

kidney cells can alse be used in place of or in addition to the lipid based ligand.

In ancther aspect, the Hgand is a moiety, ez, 8 vitamin, which is taken up by a target
cell, ez, a proliferating cell. These are particularly aseful for treating disorders
characterized by vnwanted cell proliferation, e.g., of the malignant or non-malignant type,
e.g., cancer cells. Exemplary vitamins include vitanin A, E, and K. Other exemplary
vitamins include B vitamins, e.g., folic acid, B12, riboflavin, biotin, pyridoxal or other
vitamins or nutrients taken up by cancer cells. Also included are HAS, low deosity

bipeprotein (LIDL) and high-density Hipoprotein (HDL).
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In ancther aspect, the Hgand i3 a cell-permeation agent, preferably a helical cell-
permeation agent. Preferably, the ageot is amphipathic. An exemplary agent is a peptide
such as fat or antconopedia. If the ageot 18 2 peptide, # can be modified, including a

peptidyimimetic, invertomers, non-peptide or pscudo-peptide linkages, and use of D-amine

(]

acids. The helical agent is preferably an alpha-helical agent, which preferably has a

{ipophilic and a lipophobic phase.

The ligand can be a peptide or peptidomimetic. A peptidomimetic {also referred to
herein as an oligopeptidomimetic) is a molecule capable of folding nto 3 defined three-
dimensional structure similar o a natural peptide. The peptide or peptidomimetic moiety can

10 beabout 3-30 ammo acids long, e.g., about 5, 10, 18, 20, 25, 30, 35, 40, 45, or 50 amino
acids long. A peptide or peptidomimetic can be, for example, a cell permeation peptide,
cationic peptide, amphipathic peptide, or hydrophobic peptide (e.g., consisting primarily of
Tyr, Trp or Phe). The peptide moiety can be a dendrimer peptide, constrained peptide ot
crosshinked peptide. Tn another alternative, the peptide moiety can inclade a hydrophobic

15 membrane translocation sequence (MTS). An cxemplary hydrophobic MTS-containing
peptide is RFGFE having the amino acid scquence AAVALLPAVLLALLAP (SEQ IDNG:
9). An RFGF analogue (e.g., amino acid sequence AALLPVLLAAP (SEQ ID NO: 10)
containing a hydrophobic MTS can also be a targeting moiety. The peptide moicty canbe a
“delivery” peptide, which can carry large polar molecules including peptides,

20 oligonucleotides, and protein across cell membrancs. For example, sequences from the HIV
Tat protein (GREKRROQRRERPPQ) (SEQ 1D NO: 11) and the Drosophila Antenmapedia
protein (RQIKIWFQNRRMKWEK ) (SEQ ID NO: 12) have been found to be capable of
fonctioning as delivery peptides. A peptide or peptidomdmetic can be encoded by a random
sequence of DNA, such as a peptide 1dentified from a phage-display library, or one-bead-one-

25 compound {OBOC) combinatorial library (Lam ef af ) Nafure, 354:82-84, 1991). Preferably
the peptide or peptidomimetic tethered to an iIRNA agent via an incorporated monomer untt is
a ccll targeting peptide such as an arginine-glycine-aspartic acid (RGD-peptide, or RGD
mimic. A peptide moiety can range in length from about § amino acids to about 40 amino

acids. The peptide moieties can have a structural modification, such as to increase stability or

(43
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direct conformational propertics. Any of the structural modifications described below can be
utilized. An RGD peptide moiety can be used to target a turnor cell, such as an endothelial
tamor cell or a breast cancer tumor cell (Zitzmann ef ¢f., Cancer Res., 62:5139-43 ) 2002).

An RGD peptide can facilitate targeting of an iRNA agent to tumors of & variety of other
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tissues, mchiding the lung, kidney, spleen, or liver (Acka ef al., Cancer Gene Therapy 8:.783-
787, 2301). Preferably, the RGD peptide will facilitate targeting of an iRNA agent to the
kidney. The RGD peptide can be linear or cyclic, and can be modified, e.g., glycosylated or

methylated to facilitate targeting to specific tissucs. For example, a glycosylated RGD

(]

peptide can deliver an iRNA agent to a tmor cell expressing avBs (Haubner ef ol Jour.
Nucl. Med., 42:326-336, 2001). Poptides that target markers enriched in proliferating cells
can be used. For cxample, RGD containing peptides and peptidomimetics can target cancer
cells, in particular cells that exhibit an integrin. Thus, one could use RGD peptides, cyclic
peptides containing RGD, RGD peptides that inchide D-amino acids, as well as synthetic

10 RGD mimics. In addition to RGD, one can use other modeties that target the tndegrin higand.
Generally, such higands can be used to control proliferating cclls and angiogenesis. Some
conjugates of this type of ligand target PECAM-1, VEGF, or other cancer gene, e.g., a cancer

gene described herein.

A “cell permeation peptide” is capable of permeating a cell, e.g., a microbial cell,

15 such as a bacterial or fungal cell, or a mammalian cell, such as a human cell. A microbial
cell-permeating peptide can be, for example, an a-helical linear peptide {e.g., LL-37 or
Ceropin P1), a disulfide bond-containing peptide (e.g., o -defensin, B-defensin or bactenecing,
or a peptide containing only one or two dominating amino acids {e.g., PR-39 or indolicidin).
A cell permeation peptide can also include a nuclear localization signal (NLS). For cxample,

20 accll pormeation peptide can be a bipartite amphipathic peptide, such as MPG, which is
derived from the fusion peptide domain of HIV-1 gpd | and the NLS of SV40 large T antigen
{Simeoni ot al,, Nucl Acids Res. 31:2717-2724, 2003).

In one embodiment, a targeting peptide can be an amphipathic o-helical peptide.

Exemplary amphipathic a-helical peptides include, but are not lmited to, cecropins,

Nl
W

tycotoxins, paradaxins, buforin, CPF, bombinin-like peptide (BLP), cathelicidins,
ceratotoxing, 8. clava peptides, hagfish intestinal antimicrobial peptides (HFIAPs),
magainines, brevimins-2, dermaseptins, melitting, pleurocidin, Hp A peptides, Xenopus
peptides, esculentinis- 1, and caerins. A nomber of factors will preferably be considered to
maintain the integrity of helix stability. For example, a maximum number of helix

30 stabilization residues will be utilized (e.g., ley, ala, or lys), and a mintmum number helix
destabilization residues will be wtilized (e.g., proline, or eyclic monomeric units. The
capping residue will be considered (for example Gly is an exemplary N-capping residue

and/or C-terminal amidation can be used to provide an extra H-bond 1o stabilize the helin.
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Formation of salt bridges between resichies with opposite charges, separated by 143, ori 4
= & By >

positions can provide stability. For example, cationic residues such as lysine, arginine,

homo-arginine, ornithine or histidine can form salt bridges with the anionic residues

ghitamate or aspartate.

Peptide and peptidomimetic ligands include those baving vatovally occurring or
maodified peptides, e.g., D or L peptides; o, B, or v peptides; N-methyi peptides; azapeptides;
peptides having one or more amide, 7.e., peptide, linkages replaced with one or more urea,

thiourca, carbamate, or sulfony! urea linkages; or cyclic peptides.

The targeting ligand can be any ligand that 1s capable of targeting a specific receptor.
Examples are: folate, GalNAc, galactose, mannose, mannose-6F, clusters of sagars sach as
GalNAc cluster, mannosc clusier, galactose cluster, or an aptamer. A cluster is a combination
of two or more sugar units, The targeting ligands also include integrin receptor ligands,
Chemokine recoptor higands, transferrin, biotin, serotonin receptor Hgands, PSMA,
endothelin, GCPH, somatostatin, LDL and HDL ligands. The ligands can also be based on
nucleic acid, e.g., an aptamer. The aptamer can be unmodified or have any combination of

modifications disclosed herein,

Endoscomal release agents include imidazoles, poly or oligoimidazoles, PEIs, peptides,
fusogenic peptides, polycaboxylates, polyacations, masked oligo or poly cations or anions,
acetals, polyacetals, ketals/polvketyals, orthoesters, polymers with masked or unmasked
cationic or anionic charges, dendrimers with masked or anmasked cationic or apionic

charges.

PK modulator stands for pharmacokinetic modulator. PK modulators inchude
lipophiles, bile acids, steroids, phospholipid analogues, peptides, protein binding agonts,
PEG, vitamins ete. Exenplary PK modulators fnclude, but arc not imited to, cholesterol,
fatty acids, cholic acid, lithocholic acid, dialkylglycerides, discylglyeeride, phospholipids,
sphingolipids, naproxen, tbuprofen, vitamin E, biotin etc. Oligonucleotides that comprise a
number of phospheorothioate linkages are alse known to bind to serum protein, thus short
oligonucleotides, e.g., oligonucleotides of about 5 bases, 10 bases, 15 bases or 20 bases,
comprising maltiple phosphorothioate linkages in the backbone are also amenable to the

present invention as ligands (e.g., as PK moduiating ligands).

In addition, aptamers that bind serum components {e.g., serum proteins) are also

amonable to the present invention as PK modulating hgands.
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Other ligand conjugates amenable to the invention are described in US. Patent
Apphlications USSN: 10/916,185, filed August 10, 2004; USSN: 1{(/946,873, filed Septomber
21, 2004; USSN: 10/833,934, filed August 3, 2007; USSN: 11/115,949 filed April 27, 2005
and USSN: 11/944,227 filed November 21, 2007, which are incorporated by reference in

their entireties for all purposes.

When two or more ligands are present, the ligands can all have same properties, all
have different properties or some ligands have the same propertics while others have different
propertics. For example, a ligand can have targeting properties, have endosomolytic activity
ot have PK modulating propertics. In one embodument, all the ligands have difforent

properties.

Ligands can be coupled to the oligonucieotides at various places, for example, 37-end,
5’-end, and/or at an internal position. In some cmbodiments, the ligand is attached 1o the
ohgomicleotides vig an intervening tether, e.g., a carrier described herein. The ligand or
tethered ligand may be present on a monomer when the monomer is incorporated into the
growing strand. In some embodiments, the ligand roay be incorporated via coupling to a
“precursor” monomer after the “precursor”” monomer has been incorporated into the growing
strand. For example, 2 monomer having, e.g., an amino-terminated tether (f.e., having no
associated figand), e.g., TAP-(CH))NH, may be incorporated intc a growing
oligonucleotides strand. Tn a subsequent operation, L.e., after incorporation of the precursor
monomer into the strand, a Hgand having an electrophilic group, e.g., a pentafhiorophenyl
ester or aldehyde group, can subsequently be attached to the precursor monomer by coupling
the clectrophilic group of the ligand with the terminal nucleophilic group of the precursor

monomer’s tether,

In another example, a monomer having a chemical group suttable for taking part in
Click Chemistry reaction may be incorporated, e.g., an azide or alkyne terminated
tether/linker.  In a subsequent operation, i.e., after incorporation of the precursor monomer
nto the strand, a ligand having complementary chemical group, e.g. an alkyne or azide can

be attached to the precursor monomer by coupling the alkkyne and the azide together.

In some embodiments, a hgand can be conjugated to nuclechases, sugar moieties, or
internucieosidic finkages of nucleic acid molecules. Conjugation to purine mucleobases or
derivatives thereof can oceur at any position including, endocyclic and exocyclic atoms. In

some embodiments, the 2-, 6-, 7-, ot 8-positions of a purine nuclecbase are attached to a
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conjugate moigty. Conjugation {o pyrimidine nucleobases or derivatives thereof can also
occur at any position. In some embodiments, the 2-, 5-, and 6-positions of 2 pyrimidine
nucleobase can be substituted with a conjugate moiety. Conjugation to sugar motetics of

nucleosides can occur at any carbon atom. Example carbon atoms of a sugar moiety that can

(]

be attached to a conjugate moiety include the 2/, 3°, and 5° carbon atoms. The 1’ position can
also be attached to a conjugate moicty, such as in an abasic residue. Tuternucleosidic linkages
can also bear conjugate moistics. For phosphorus-containing linkages {e.g., phosphodiester,
phosphorothioate, phosphorodithiotate, phosphoroamidate, and the Hke), the conjugate
moiety can be attached directly to the phosphorus atom or to an O, N, or S atom bound {o the
10 phosphorus atom. For anine- or amide-containing nternucleosidic linkages (e.g., PNA), the
conjugate moiety can be attached to the nitrogen atom of the amine or amide or to an adjacent

carbon atom,
GalNAc Hgands and linkers

In some embodiment, an siRNA targeting an HAOT gene is conjugatedtoa
carbohydrate e.g. monosaccharide {such as GalNAc), disaccharide, trisacchande,
tetrasaccharide, polysaccharide. In some embodiments, the sIRNA is conjugated to N-
acetylgalactosamine (GalNAc) ligand. The enhances efficient delivery 1o hepatoeytes
following subcutaneous administration. Methods of conjugation of carbohydrates, e.g., N-
acctylgalactosamine, 10, e.g., an siIRNA are well known to one of skill inthe art. Examples
20 can be found m 1SE,106,022 and WO2014/025805,

In some embodiments, an siRNA fargeting an HAO1T gene is conjugated to a ligand,
e.g., to GalNac, via a linker. For example, the ligand can be one or more GalNAc (N-
acetylglucosamine) derivatives attached through a bivalent or trivalent branched hinker.

In one embodiment, the dsRNA of the invention is conjugated to a bivalent and

25 wrivalent branched hinkers include the structures shown in any of formula (V) — (VI

P2A-Q2A~R2A ] T2A_| 2A

2B 2B o2 o, oF
P“B'Q“B~RLL ) T2B 28

Formula {(IV)
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Formula (V)

2

P4 A_(}4/\__ R4 A THA Y 4A
= 4A
q
P4B»C)4B»R48 ) T4B_ 4B
: 4B
Formula (VI
or
PS"\—QSA*RSA ; THA_ BA
q.‘jA
PSB-(}SB-I{SB T5B; 5B
! o
03C_y5C_p5C 5C 4 5C
PR }q_(-T L
Formula (VI

wherein:

~

2B A 3B A 4B SASH se : .
g, ¢, 7, q%, a4t 9" 7, ¢ and ¢ represent independently for cach

occurrence 0-20 and wherein the repeating vnit can be the same or different;

A B7B A BB pAA pdB pSA pSB pSC 4PA OB 43A 3B A 4B pdA SB SO
PR P P P P P P P P, T, T, T T T T, T T, T

are each independently for each occurrence absent, CO, NH, O, S, OC{0), NHC(O}, CHy,
CH,NMNH or CHyG;

IA B 3A 3B dA AB SA 5B 50 -
O Q7 Q7 Q7 0™, QF, Q7% @, O are independently for each occurrence

absent, alkylene, substituted alkylene wherein one or more methylenes can be interrupted or

terminated by one of more of O, S, ${0), SO, N(R™), C(R’=C(R”"), C=C or C(O);

IA w8t A e A pAB pSA pSB gSC :
R¥ R R R RM R R R R are each independently for cach

oceurrence absent, NH, O, S, CH;, C(OYyQ, C{OWH, NHCHERMC(Q), -C(O)-CH{R")-NH-,

O
O S5
HO i S-S
Hﬁ %N\NJ&MM J\S\,>< \s\j‘j JJ“’\\( \g\fu
1 RT N -
CO, CH=N-Q, s Naone N , ,

S8
NS o heterocyelyl

S
~k
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A 2B p3A p3B p4A p4B §SA ¢ SE ¢ . A
LA L% L L8 L% L% L% L% and 1P represent the ligand; i.e. gach
independently for each occurrence a monosaccharide (such as GalNAc), disaccharide,

trisaccharide, tetrasaccharide, oligosaccharide, or polysaccharide; and
R”is H or amino acid side chain.

& Trivalent conjugating GalNAc derivatives are particularly useful for use with

RNAi agents for inhibiting the expression of a target gene, such as those of formula (VII):

PSA_QSA_RSA T'E'A»-L{SA
] SA

q
SB NSB 1 5B 58 3 58
P=-7R-R }_q’B TE-L
SC SC pse S5C_j 5C
PML(MR }ZEE‘T L

Formula (V1)

< {SA 1 5B 5C . —
wherein L™, L™ and L™ represent a monosaccharide, such as GalNAc derivative,

Examples of suitable bivalent and trivalent branched linker groups conjugating
10 GalNAc derivatives inclade, but are not limited to, the following compounds:

HO &Oj
~Q, H H

HO /—T\A/O\,/’\\//*\W, N ~ N \?’O
ACHN {

o AN
Ho oM r;
Q| ! ' o
HO- T“‘\}v’ Onr '\v/\n/ NN \ﬁ/"\/u N
AcHN 8 I o
OH ,
HO P
) |
HODA el DN R /\\"O
Ack N H i
@]
HO HO
HO- O
HO
O
O~ C}/\\"O‘v‘ -
H

HO~, HO
HO -
HO- O

A
o
O Oy ™ %M

HOw HO H O 0
HO -0, P

HO /L
O P E O
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Additional Higands

In some embodiments the ligand is selected from one of the following

S{?
s &
OH OH 0P~
\\ 0 H Q ;./O
HO 7l \\/O\/’\/’\n/ R N S
ACHN & Q
?H an Y, P
g ~O
-~ o {L P
HO-d —/T\\/O N \/" A Ve Vg Ca
AcHN & ‘L\
OH OH X
g o O L
4 H N
/7\\&/ Qv’\,x‘w i\\/«\\/r\\/)\,\i \ dg © ,
/%Hi\ L
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OH
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The delivery of an iIRNA agent of the invention to a cell e.g., a cell within a sabject,

such as a human subject {e.g.. a subject in need thercof, such as a subject having a HAO!

associated disorderjcan be achieved in a number of different ways. For example, delivery

may be performed by contacting a cell with an IRNA of the mvention cither in vitro o1 in

3 wive. [mvive delivery may also be performed dircctly by administering a composition
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comprising an iRNA, e.g., a dsRNA, to a subject. Alternatively, in vive delivery may be

erformed indirectly by administering one or more vectors that encode and direct the

expression of the iIRNA. These alternatives are discussed further below.

In general, any method of delivering a nucleic acid molecule (i vitre or i vive) can
5 beadapted for use with an iIRNA of the invention (sce e.g., Akhtar S. and Julian RL. (1992}
Trends Cell. Biol 2(5):139-144 and W(94/02598, which are incorporated herein by
reference in their entiretics). For in vive delivery, factors to consider in order to deliver an
iRNA molecule include, for example, biological stability of the delivered molecule,
prevention of non-specific effecis, and accumulation of the delivered molecule in the target
10 tissue. The non-specific effects of an iRNA can be mintmized by local administration, for
example, by direct injection or implantation into a tissue or topically administering the
preparation. Local administration to a ircatment site maximizes local concentration of the
agent, limits the exposure of the agent to systemic tissues that can otherwise be harmed by
the agent or that can degrade the agent, and permits a lower total dose of the iIRNA molecule
15 to be administered. Several studies have shown successful knockdown of gene products when
an iIRNA is adnyinistered locally. For example, intraccular delivery of a VEGF dsRNA by
miravitreal injection in cynomolgas monkeys (Teolentine, MU, ef af (2004) Reting 24:132-
13%) and subretinal injections in mice (Reich, SI, ef ¢/ (2003 Mol Vis. 9:218-216) were
both shown to prevent neovascularization in an experimental model of age-related macular
20 degeneration. Tn addition, direct intratumoral injection of a dsRNA in mice reduces tumor
volume (Pille, ., ef o/ (2005} Mol Ther 11:267-274) and can prolong survival of tumor-
bearing mice (Kim, W, e ¢/ (2006) Mol Ther, 14:343-350; L4, S., ef ¢ (2007} Mol Ther.
15:515-523). RNA interference has also shown success with local delivery to the CNS by
direct injection {Dorn, (., ef af. (2004} Nucleic 4cids 32:e49; Tan, PH., of af (2005) Gene
25 Ther. 12:59-66; Makimura, H., e ¢f (2002 BMC Neurosci. 3:18; Shishkina, GT., e af 2004)
Newroscience 129:521-528; Thakker, ER., ef o/ (2004} Proc. Nati. Acad. Sci. US.A.
101:17270-17275; Akaneya,Y ., ef af (2005).7. Neurophvsiol. 93:594-602) and to the lungs by
mtranasal administration (Howard, KA., et o/ (2006) Mol Ther. 14:476-484; Zhang, X, et af

{2004) J. Riol. Chem. 279:10677-10684; Bitko, V., ef ¢f (2003) Nat. Med. 11:50-55), For

(43
<

administering an iRNA systemically for the treatmont of a discase, the RNA can be moditied
or alternatively delivered using a drug delivery systern; both methods act to preveut the rapid
degradation of the dsRNA by endo- and exo-nucleases in vive. Modification of the RNA or

the pharmaccutical carrier can also permit fargeting of the iIRNA composition {o the target

i
s
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tissue and avoid undesirable off-target effects. IRNA molecules can be modified by chemical
conjugation to lipophilic groups such as cholestero] to enhance cellular uptake and prevent
degradation. For example, an iIRNA directed against ApoB conjugated to a Hpophilic
cholesterol moiety was injected systemically into mice and resulted n knockdown of apoB
mRNA in both the liver and jejunum (Soutschek, 1, ef of (2004) Nafure 432:173-178}.
Conjugation of an iRNA {o an aptamer has been shown to inhibit tumor growth and mediaic
tmor regression in a mouse model of prostate cancer (MoeNamara, JO., ef af (2006) Nat,
Rivtechneol. 24:1005-1015). In an aliernative embodiment, the iIRNA can be debivered using
drug delivery systems soch as a nanoparticle, a dendrimer, a pelymer, Hiposomes, or a
cationic delivery system. Positively charged cationic delivery systems facilitate binding of an
1IRMNA molecule (negatively charged) and also enhance interactions at the negatively charged
cell membrane to permit efficient uptake of an IRNA by the cell. Cationic lipids, dendrimers,
or pelymers can cither be bound to an iIRNA, or induced to form a vesicle or micelle {see e.g.,
Kira SH., ef ol (2008} Journal of Controfled Release 129(2):107-116) that encascs an itRINA.
The formation of vesicles or miceles further prevents degradation of the iIRNA when
administered systemically. Meothods for making and administering cationic- iRNA
complexes are well within the abilitics of one skilled in the art (sec e.g., Sorensen, DR, ef af
(2003) J. Mol. Biol 327.761-766; Verma, UN., ef ¢/ (2003) Chin. Cancer Res. 9:1281-1300;
Amold, AS er ol 2007} J. Hopertens. 25:197-208, which are incorporated herein by
reference in their entirety). Some non-limiting examples of drug delivery systems useful for
systemic delivery of iRNAs include DOTAP (Sorensen, DR, ef f (2003}, supra; Verma,
UN,, ef ¢f (2003), supra), Oligofectamine, "solid nucleic acid Hipid particles” (Zimmermanny,
TR., ef al (2006) Nature 44 1:111-114}, cardiolipin (Chien, PY ., er af (2005) Cancer Gene
Ther. 12:321-328; Pal, A., et @l (2005} fnt J. Oncol, 26:1087-1091), polyethyleneimine
(Bonnet ME., et af (2008) Pharm. Res. Aug 16 Epub ahead of print; Aigner, A. (2006) J
Biomed. Biotechnol. 71659}, Arg-Gly-Asp (RGD) peptides (Liu, S. (2006) Mol Pharm.
3:472-487), and polyamidoamines (Tomalia, DA., ef ¢/ (2007) Bivchem. Soc. Trans. 35:61-
67; Yoo, H., et af (1999 Pharm. Res. 16:1799-1804). Tn some embodiments, an iRNA foros
a complex with cyclodextrin for systemic administration. Methods for administration and
pharmaceutical compositions of iRNAs and cyclodextring can be found in U.S. Patent No.

7,427,605, which is herein incorporated by reforence in its entirety.
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Yeotor encoded iIRNAsS of the Invention

RNA targeting the HAOT gene can be cxpressed from transcription units inseried
mto DNA or RNA vectors (see, e.g., Couture, A, ef al., TIG. (1996}, 12:5-10; Skillern, A, &1
al., International PCT Publication No. WO ({/22113, Conrad, International PCT Publication
No. WO 00/22114, and Conrad, U.S. Pat. No. 6,054,299). Expression can be transiont (on
the order of hours 10 weeks) or sustained (weeks to months or longer), depending upon the
specific construct used and the target tissue or cell type. These transgenes can be introduce
as a linear constract, a circular plasmid, or a viral vector, which can be an integrating or non-
ntegrating vector. The transgene can also be constructed fo permit it to be inherited as an

extrachromosomal plasmid (Gassmann, et ¢l., Proc. Natl. Acad. Sci. USA {1995) 92:1292).

The individual strand or strands of an iIRNA can be transcribed from a promoter on an
expression vector. Where two separate strands are 1o be expressed to generate, for example, a
dsRINA, two separate expression vectors can be co-introduced {(e.g., by transtection or
mfection) into a target cell. Alternatively each individual strand of a dsRNA can be
transciibed by promoters both of which are located on the same expression plasmid. In one
embodiment, a dsRNA is expressed as inverted repeat polynucleotides joined by a hinker

polynucleotide sequence such that the dsRNA has a stem and loop structure,

iRNA expression vectors are generally DINA plasmids or viral vectors, Expression

vectors compatible with eukaryotic cells, preferably those compatible with vertebrate cells,
can be used to produce recombinant constructs for the expression of an iIRNA as described
herein. Eukaryotic cell expression vectors are well known 1o the art and are available from a
number of commercial sources. Typically, such vectors are provided contalning convenient
restriction sites for insertion of the desired nucleie acid segment. Delivery of iRNA
expressing veetors can be systemie, such as by intravenous or intramuscolar administration,
by administration to target cells ex-planted from the patient followed by reintreduction into

the patient, or by any other means that allows for introduction into a desired target cell.

iRNA expression plasmids can be transfected into target cells as a complex with
cationic lipid carriers {e.g., Oligofectamineg) or non-cationic lpid-based carriers {e.g., Transit-
TRO™). Multiple lipid transfections for iIRNA-mediated knockdowns targeting different
regions of a target RNA over a period of a week or more are also contemplated by the
mvention. Successtul introduction of vectors into host cells can be monitored using various

koown methods. For example, travsient transfection can be signaled with a reporter, such as



16

o]
RN

36

WO 2016/057893

fluorescent marker, such as Green Floorescent Protein (GFP). Stable transfection of celis ex
vive can be ensured using markers that provide the transfected cell with resistance to specific

envivonmental factors {e.g., autibiotics and drugs), such as bygromyein B resistance.

Viral vector systems which can be utilized with the methods and compositions
described herein include, but are not limited to, (a) adenovirus vectors; (b) retrovirus vectors,
mecluding but not Hmited to lentivival vectors, moloney murine leukemia virus, efc.; ()
adeno- associated virus vectors; (d) herpes simplex virus vectors; (e) 5V 40 vectors; ()
polyoma virus vectors; {g} papilloma virus vectors; (h) picomavirus vectors; (i} pox virus

rectors such as an orthopox, e.g., vaccinia virus vectors or avipox, e.g. canary pox or fowl
pox; and () a helper-dependent or gutless adenovirus. Replication-defective vitases can also
be advantageous. Different vectors will or will not become incorporated into the cells’
genome. The constructs can include viral sequences for transfoction, if desired.
Aliernatively, the censtruct can be incorporated into vectors capable of episomal replication,
ez EPV and EBV vectors. Constructs for the recombinant expression of an iIRNA will
generally require regulatory elements, e.g., promoters, enhancers, efc., o ensure the
expression of the IRNA in target cells. Other aspects to consider for vectors and constructs
are further described below,

YVectors usefuld for the delivery of an IRNA will include regulatory clements
{(promoter, enhancer, efe.) sufficient for expression of the IRNA in the desired target cell or
tissue. The regolatory elements can be chosen to provide cither constitutive or

egulated/inducible expression,

Expression of the iIRNA can be precisely regulated, for example, by using an
mducible regulatory sequence that is sensitive to certain physiclogical regulators, e g,
circelating glucose levels, or hormones (Docherty ef al., 1994, FASER J. 8:20-24). Such
mducible expression systoms, suitable for the controf of dsRINA expression in cells or in
mammals include, for example, regulation by ecdysone, by estrogen, progesterone,
tetracychine, chemical inducers of dimerization, and isopropyl-beta-D1 -
thiogalactopyrancside (IPTG). A person skilled in the art would be able to choose the

appropriate regulatory/promoter sequence based on the intended use of the iIRNA transgene.

Viral vectors that contain nucleic acid sequences encoding an iIRNA can be used. For
example, a retroviral vector can be used (see Miller et al., Meth. Enzymol, 217:581-599

(1993})). These retroviral vectors contain the components necessary for the correct packaging

56
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of the viral genome and integration into the host cell DNA. The nocleic acid sequences
encoding an iRNA are cloned into one or more vectors, which facilitate delivery of the
nucleic acid into a patient. More detail about retroviral vectors can be found, for example,

Boesen ef al, Riotherapy 6:291-302 (1994), which describes the use of a retroviral vector to

(]

deliver the mdri gene to hematopoietic stem cells in order to make the stem cells more
resistant {0 chemotherapy. Other references ilustrating the use of retroviral vectors in gene
therapy are: Clowes e al., J. Clin. Invest. 93:644-651 (1994); Kiom ef al., Blood 83:1467-
1473 (1994); Sabmons and Gonzberg, Human Gene Therapy 4:129-141 (1993); and
Grossman and Wilson, Curr. Opin. in Genetics and Devel 3:110-114 {1993). Lentiviral

10 wvectors conternplated for use include, for example, the HIV based vectors deseribed in ULS.

Patent Nos. 6,143,520; 5,665,557, and 5,981,276, which are herein incorporated by reference.

Adenoviruses are aiso contemplated for use in delivery of iRNAs of the invention.
Adenoviruses are especially attractive vehicles, e.g., for delivering genes to respiratory
epithelia. Adenoviruses naturally infect respiratory epithelia where they cause a mild disease.

15 Other targets for adenovirus-based delivery sysiems are liver, the contral nervous system,
endothelial cells, and muscle. Adenoviruses have the advantage of being capable of infecting
non-dividing cells. Kozarsky and Wilson, Current Opinion in Genetics and Development
3:499.503 {1993 present a review of adenovirus-based gene therapy. Bout ef af., Human
Gene Therapy 5:3-10 (1994) demonstrated the use of adenovirus vectors to transfer genes to

20 the respiratory epithelia of rhesus mounkeys. Other instances of the use of adenoviruses 1o
gene therapy can be found in Rosenfeld ef al., Science 252:431-434 (1991); Rosenfeld er o/,
Celi 68:143-155 (1992); Mastrangeli ef al., J. Clin, Invest, 91:225-234 (19933, PCT
Publication WO94/12649; and Wang, ef al., Gene Therapy 2:775-783 (1995). A suitable AV
vector for expressing an iRNA featured in the invention, a method for constructing the

25 recombinant AV vector, and a method for delivering the vector into target cells, are deseribed

in Xia H er af. (2002}, Nat. Biotech. 20: 1606-1010.

Adeno-associated virus {AAV) vectors may also be used to delivery an IRNA of the
mvention (Walsh ez /., Proc. Soc. Exp. Biol. Med. 204:289-300 (1993); U.S. Pat. No.
5,436,146). In onc embodiment, the iRNA can be expressed as two separate, complementary

30 single-stranded RNA molecules from a recombinant AAV vector having, for example, cither
the U6 or H1 RNA promoters, or the cytomegalovirus (CMV) promoter. Suitable AAV
vectors for expressing the dsRNA featured in the invention, methods for constructing the

recorabinant AV vector, and metheds for delivering the vectoers into target cells are described

~
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in Samualski R ef ¢f. (1987}, J Vired 61: 3096-3101; Fisher K J ef af. (19963, J. Virol, 70:
520-532; Samulski R ef af. (1989), J. Firel 63: 3822-3826; U.S. Pat. No. 5,252,479, 1.5,
Pat. No. 5,139,941; International Patent Application No. WO 94/1378%; and International
Patent Application No. WO 93/24641, the entire disclosures of which are herein mcorporated

by reference.

Another viral vector suitable for delivery of an iRNA of the invention 13 a pox virus
such as a vaccinia virus, for example an attenmuated vaceinia such as Modified Virus Ankara

{MVA) or NYVAC, an avipox such as fowl pox or canary pox.

The wopism of viral vectors can be modified by pseudotyping the vectors with
envelope protetos or other surface antigens from other viruses, or by substituting different
viral capsid proteins, as appropriate. For example, fentiviral vectors can be pscudotyped with
surface proteins from vesicular stomatitis vitas (VSV), rabies, Ebola, Mokola, and the like.
AAY vectors can be made to target different cells by engineering the vectors to express
different capsid protein serotypes; sce, e.g., Rabinowitz J E ef af. (2002), J Virol 76:791-801,

the cutire disclosure of which is herein incorporated by reference.

The pharmaceutical preparation of a veetor can inchide the vector in an acceptable
diluent, or can include a slow release matrix in which the genc delivery vehicle is imbedded.
Aliernatively, where the complete gene delivery vector can be produced ttact from
recombinant cells, e.g., retroviral vectors, the pharmaceutical preparation can include one or

more cells which produce the gene delivery system.
V.  Pharmaceutical Compositions of the Invention

The present invention also inchides pharmacentical compositions and formulations
which include the iIRNAs of the invention. To one embodiment, provided hercin are
pharmaceutical compositions containing an iRNA, as described herein, and a
pharmaceutically acceptable carrier. The pharmaceutical compositions containing the iIRNA
arc uschul for treating a HAQ!T associated discase or disorder. Such pharmaceoutical

compositions are formulated based on the mode of delivery.

The pharmaceutical compositions comprising RNAI agents of the invention may be,
for cxample, solations with or without a boffer, or compositions containing pharmaceutically
acceptable carriers. Such compositions include, for example, agueous or crystalling
compositions, hposomal formulations, micellar formulations, emulsions, and gene therapy

veCtors.
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In the methods of the invention, the RNAI agent may be adminisiered in a sohition. A
free RNA1 agent may be administered in an unbuffered solution, ¢.g., in saline or in water.
Alternatively, the free siRNA may also be administered in a suttable butfer solution. The
buffer sohution may comprise acetate, citrate, prolamine, carbonate, or phosphate, or any
combination thereof, In one embodiment, the buffer solution is phosphate buffered saline
(PBS). The pH and osmolarity of the buffer solution containing the RNAt agent can be

adjusted such that it is suitable for administering to a subject.

In some embodiments, the buffer sclution further comprises an agent for controlling
the osmolarity of the solution, such that the osmolarity is kept at a desired value, e g, at the
physiologic values of the homan plasma. Solutes which can be added to the buffer solution
to control the osmolarity include, but are not bmited to, proteins, peptides, aming acids, non-
metabolized polymers, vitamins, ions, sugars, metabolites, organic acids, lipids, or salts. In
some cmbodiments, the agent for controlling the osmolarity of the solution is g salt. In
certain embodiments, the agent for controlling the osmolarity of the solution is sodium

chloride or potassium chiovide.

The pharmaceutical compositions of the invention may be administered in dosages

sufficient to inhibit expression of a HAOT gene.
Posages

In general, a suntable dose of an IRNA of the invention will be in the range of about
{(.001 to about 200.0 milligrams per kilogram body weight of the recipient per day, generally
in the range of about 0.1 to 10 or 1 10 50 mg per kilogram body weight per day. For example,
the dsBRNA can be administered at about 0.01 mg/kg, about 0.05 mg/kg, about 0.5 mg/kyg,
about 1 mg/keg, about 1.3 mg/kg, about 2 mg/'kg, about 3 mg/ke, about 4 mg/kg, about §
mg/kg, about 6 mg/kg, sbout 7 mg/kg, about 8 mg/kg, about 9 mg/kg about 10 mg/kg, about

20 me/kg, about 30 me/ke, about 40 my/ke, or about 50 mg/ke per single dose.
5/KE, & Bk & Res &

In another embodiment, the RNAI agent, e.g., dsRNA, is administered at 2 dose of
about 0.1 to abowt 50 mg/kg, about (.25 1o about 50 mg/kg, about 0.5 to about 50 mg/kg,
about 0.75 to about 50 mg/kg, about | to about 50 mg/mg, about 1.5 to about 50 mg/kb, about
2 to about 50 mg/kg, about 2.5 to about 50 mg/kg, about 3 to about SO mg/kg, about 3.5 t¢
about 50 mg/kg, about 4 to about 50 mg/kg, about 4.5 to about 50 mg/kg, about 5 to about 50
mg/kg, about 7.5 to about 3¢ mg/kg, about 10 to about 50 mg/kg, about 15 to about 50

mg/kg, about 20 to about 50 mg/kg, about 20 to about 50 mg/kg, about 25 to about 50 mg/ke,
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about 25 to about 50 mg/kg, about 30 to about 50 mg/kg, about 35 to about 50 mg/kg, abouat
44 1o about 50 mg/kg, about 45 to about 50 mg/kg, about 0.1 to about 45 mg/kg, about 0.25 t0
about 45 mg/kg, about 0.5 to about 45 mg/kg, about .75 to about 45 mg/kg, about 1 to about
45 mg/mg, about 1.5 to about 45 mg/kb, about 2 to about 45 mg/kg, about 2.5 1o about 45
mg/kg, about 3 to about 45 mg/ke, about 3.5 to about 45 mg/kg, about 4 to about 45 mg/kg,
about 4.5 to about 45 mg/ke, about 5 to about 45 mg/ke, about 7.5 to about 45 mg/kg, about
10 to about 45 mg/kg, about 15 1o about 45 mg/kg, about 20 1o about 45 mg/kg, about 20 10
about 45 mg/kg, about 25 to about 45 mg/kg, about 2§ to about 45 mg/kg, about 30 to about
45 mg/kg, about 35 to about 45 mg/kg, about 40 to about 45 mg/kg, about .1 to about 46
mg/kg, about 0.25 to about 40 rag/kg, about 0.5 1o about 40 mg/kg, about .75 to about 40
mg/kg, about 1 to about 40 mg/mg, about 1.5 to about 40 mg/kb, about 2 to about 40 mg/kg,
about 2.5 to about 40 mg/ke, about 3 to about 40 mg/kg, about 3.5 to about 40 mg/kg, sbout 4

to about 40 mg/kg, about 4.5 to about 40 mg/kg, about § to about 40 mg/kg, about 7.5 to

about 40 mg/kg, about 10 to about 40 mg/kg

&9

about 15 to about 40 mg/kg, about 20 to about
40 mg/kg, about 20 10 about 40 mg/kg, about 25 1o about 40 mg/kg, about 25 1o about 40
myg/kg, about 30 to about 40 mg/kg, about 35 to about 40 mg/kg, about (1.1 to about 30
mg/kg, about (.25 to about 30 mg/kg, about 0.5 to about 30 mg/kg, about (.75 to about 30
mg/kg, about 1 to about 30 mg/mg, about 1.5 to about 30 mg/kb, about 2 to about 30 mg/kg,
about 2.5 to about 30 mg/ke, about 3 to about 30 mg/kg, about 3.5 to about 30 mg/kg, sbout 4
to about 30 mg/kg, about 4.5 to about 30 mg/kg, about § to about 30 mg/kg, about 7.5 to

about 30 mg/kg, about 10 to about 30 mg/kg

&9

about 15 to about 30 mg/kg, about 20 to about
30 mg/kg, about 20 to about 30 mg/kg, about 25 to about 30 mg/kg, about (.1 to about 20
mg/kg, about 0.25 to about 20 mg/kg, about 0.5 to about 20 mg/kg, about (.75 to about 20
mg/kg, about 1 te about 20 mg/mg, about 1.5 to about 20 mg/kb, about 2 to about 20 mg/kg,
about 2.5 to about 20 mg/kg, about 3 to about 20 mg/kg, about 3.5 to about 20 mg/kg, sbout 4
to about 20 mg/kg, about 4.5 to about 20 mg/kg, about § to aboot 20 mg/kg, about 7.5 to
about 20 mg/kg, about 10 to about 20 mg/kg, or about 15 to about 20 mg/kg. Values and

ranges intermediate to the recited values ave also intended 1o be part of this jnvention.

For example, the RNA1 agent, e.g., dsRNA, may be administered at a dose of about
0.01, 0.02, 0.03, 0.04, 0.05, 0.06, 0.07, 0.08, 0.09, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, 1.0,
LH L2103, 14,15, 16, 1.7, 18, 19,20,2.1,22,23,24,25,2.6,27,28,29,3.0,3.1,
32,33,34,35,36,37,38,39,40,41,42,43,44,45,46,47,48,49,50,5.1,5.2,
,5.4,55,56,57,58,59,60,61,62,63,64,65,6.6,6.7,68,69,7.0,7.1,72, 73,

s

t

5..

. L
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7.4

~J
(¥}

,7.6,7.7,7.8,7.9,8.0,8.1,8.2, 83, 8.4,85,86,87,88,8.9,940,9.1,92,93,9.4,
95,9 ,9.8,9.9, 10, 10.5, 11, 11.5, 12, 12.5, 13, 13.5, 14, 14.5, 15, 15.5, 16, 16.5, 17,
17.5, 18, 18.5, 19, 19.5, 20, 20.5, 21, 21.5, 22, 22.5, 23, 23.5, 24, 24.5, 25, 25.5, 26, 26.5, 27,
275,08, 28.5, 29, 20.5, 30, 31, 32, 33, 34, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46,

s 4

6,97

(]

47, 48, 49, or about 50 mg/kg. Values and ranges intermediate to the recited values are also

ntended to be part of this invention.

In certain embodiments of the invention, for example, when a double-stranded RNAi
agent includes modifications {e.g., one or more motifs of three identical modifications on
three consecutive rucleotides, including one such motif at or near the cleavage site of the

10 agent), six phosphorothioate linkages, and a hgand, such an agent is administered at a dose of
about 0.01 to about 0.5 mg/kg, about 0.01 to about 3.4 mg/kg, about 0.01 to about 0.3 mg/kg,
about (.01 to about 0.2 mg/kg, about .01 to about 0.1 mg/kg, about 0.01 mg/kg to about .09
mg/kg, about 0.01 mg/kg to about 0.08 mg/kg, about 0.0} mg/kg to about .07 mg/kg, about
(.01 mg/kg to about .06 mg/kg, about (.01 mg/kg to about .05 mg/kg, about 0.02 to about

15 0.5 mg/kg, about (.07 to about 0.4 mg/kg, about 8.02 to about (.3 mg/kg, sbout $.02 to about
(.2 mg/kg, about 0.02 to about 0.1 rag/kg, about 0.02 mg/kg to about 0.09 mg/kg, about .02

mg/kg to about (.08 mg/kg, about .02 mg/kg to sbout 0.07 mg/kyg, sbout 0.02 mg/kg to
about 0.06 mg/kg, about 0.02 mg/kg to about 0.05 mg/kg, about 0.03 to about 0.5 mg/kg,
about (.03 to about 0.4 mg/kg, about (.03 to about 0.3 mg/kg, about 0.03 to about .2 mg/kg,

20 about 0.03 to about (.1 mg/kg, about 0.03 mg/kg to about 0.09 mg/kg, about 0.03 mg/kg to
about 0.08 mg/kg, about 0.03 mg/kg to about .07 mg/kg, about 6.03 mg/kg to about 0.06
myg/kg, about 0.03 mg/kg 1o about 0.05 mg/kg, about 0.04 to about 0.5 mg/kg, about 0.04 (o
about 0.4 mg/kg, about 0.04 to about 0.3 mg/kg, about 0.04 1o about 0.2 mg/kg, asbout 0.04 to
about 0.1 mg/kg, about 0.04 mg/kg to about 0.09 mg'ke, about .04 mg/'kg 10 about .08

25 mg/kg, about 0.04 mg/kg to about .07 myg/kg, about 0.04 mg/kg to about (.06 mg'kg, about
.05 to about 0.5 mg/kg, about 0.05 to about .4 mg/kg, about 0.05 to about 0.3 mg/kg, about
(.05 to about 0.2 mg/kg, about 0.05 to about 0.1 mg/kg, about 0.05 mog/kg to about 0.09
mg/kg, about 0.05 mg/kg to sbout 0.08 mg/kg, or about 0.05 mg/kg 1o about 0.07 mg/kg.
Values and ranges tntermediate to the foregoing recited values are also tntended to be part of

30 this invention, e.g.., the RNAI agent may be administered to the subject at a dose of about

0.015 mg/kg to about (.45 mg/mg.

For cxample, the RNAt agent, e.g., RNAI agent in a pharmaceutical composition, may

be administered at a dose ot about 0.01 mg/kg, 0.0125 mg/kg, 6.015 mg/'kg, 0.0175 mg/kg,
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0.02 mg/ke, 0.0225 mg/kg, 6,025 mg/kg, 0.0275 mg'ke, 0.03 mg/kg, 0.6325 mg/kg, 1.035
mg/kg, 0.0375 mg/kg, 0.04 mg/kg, 1.0425 mg/ke, 0.045 mg/ke, 0.0475 mg/kg, .05 mg/kg,
0.0525 mg/kg, 0.055 mg'kg, 0.0575 mg/kg, 0.06 mg/ke, 0.0625 mgkg, 0.065 mg/kg, 0.0675
mg/kg, 0.07 mgikg, 0.0725 mg/kg, 0.075 mg/kg, 0.0775 mgdkg, 0.08 mglkg, 0.06825 mg/kg,
(0.085 mg/kg, 0.0875 mg'ke, 0.09 mg/kg, 0.0925 mg/kg, 0.095 mg/kg, 0.0975 mg/kg, 0.1
mg/kg, 0.125 mg/kg, 0.15 mg/kg, 0.175 my/kg, 0.2 myg/kg, 0.225 mg/kg, 0.25 mg/kg, 0.275
mg/kg, 0.3 mg'kg, 0.325 mg'kg, 0.35 mg/kg, 0.375 mg/kg, 0.4 mg/kg, 0.425 mg'kg, 0.45
mg/kg, 8.475 mg/kg, or about 0.5 mg/kg. Values intermediate to the foregoing recited values

are also mtended to be part of this invention.
Treatment regimens

The pharmaceutical composition can be administered once daily, or the iIRNA can be
administered as two, three, or more sub-doscs at appropriate intervals throughout the day or
even using continucus infusion or dehivery through a controlled release formulation. In that
case, the iIRNA contained in each sub-dose must be correspondingly smaller in order to
achicve the total daily dosage. The dosage unit can also be compounded for delivery over
several days, e.g., using 2 conventional sustained release formulation which provides
sustained release of the IRNA over a several day period. Sustained release fornuilations are
well known tn the art and are particalarly asefuld for delivery of agents at a particular site,
such as could be used with the agents of the present mvention. In this embodiment, the

dosage unit contains a corresponding multiple of the daily dose.

In other embodiments, a single dose of the pharmaceutical compositions can be long
lasting, such that subsequent doses are admindstered at not more than 3, 4, or 5 day intervals,
or at not more than 1, 2, 3, or 4 week intervals. In some embodiments of the nvention, a
single dose of the pharmaceutical compositions of the tnvention is administered once per
week. In other embodiments of the invention, a single dose of the pharmaceutical

compositions of the invention is administered bi-monthly.

The skilled artisan will appreciate that cortain factors can influence the dosage and
timing required to cffectively treat a subject, including but not luuited to the severity of the
disease or disorder, previous treatments, the general health and/or age of the subject, and
other discases present. Moreover, treatment of a subject with a therapeutically effective

amount of a corposition can include a single treatment or a serics of treatments. Estimates
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of effective dosages and in vive half-lives for the individual iRNAs encompassed by the

imvention can be made using conventional methodologics.

Estimates of effective dosages and iz vive half-lives {for the individual iIRNAs
encompassed by the invention can also be made on the basis of /n vive testing using an
appropriate animal model. For example, advances in mouse genctics bave generated a
number of mouse models for the study of various human diseases, such as a disorder
associated expression of HAG T, Such models can be used for in vive testing of IRNA, as
well as for determining a therapeutically offective dose. Suitable mouse models are known in

the art and include, for example, the animal models described hereiu.
Administration methods

The pharmaceutical compositions of the present invention can be administered in a
number of ways depending upon whether local or systemic treatment is desived and upon the
arca to be treated. Administration can be topical {(e.g., by a transdermal pateh), pulmonary,
e.g., by inhalation or insufflation of powders or acrosols, including by nebhulizer;
wmitratracheal, intranasal, epidermal and transdermal, oral or parenteral. Parenteral
administration includes intravenous, miraartenial, subcutaneous, intraperitonesal or
mtramuscular injection or nfusion; subdermal, e.g., via an implanted device; or intracranial,
e.g., by intraparcnchymal, intrathecal or intraventricular, administration

The iRNA can be delivered in a manner to target a particular tissue, such as the Hver.

Formulations

Pharmaceutical compositions of the present invention include, but are not limited to,
solutions, emulsions, and liposome-containing formulations. These compositions can be

generated from a varicty of components that include, but are not limited 1o, preformed

hiquids, self-emulsifying solids and self-emulsifving semisolids.

The pharmacecutical formulations of the present invention, which can conveniently be
presented in unit dosage form, can be prepared accovding to conventional technigues well
known 1 the pharmaceutical industry. Such techniques inclade the step of bringing into
association the active ingredients with the pharmaceutical carrier(s) or excipient(s}). In
general, the formulations are prepared by uniformaly and intimately bringing into association
the active ingredients with Hquid carmiers or finely divided solid carriers or both, and then, if

necessary, shaping the product.

53



(]

16

ot
o

Nl
W

WO 2016/057893

The compositions of the present fnvention can be formudated into any of many
possiblc dosage forms such as, but not limited to, tablets, capsules, gel capsules, hquid
syrups, soft gels, suppositories, and encmas. The compositions of the present fnvention can
also be formulated as suspensions in agueous, non-agueocus or mixed media. Aqueous
suspensions can further contain substances which increase the viscosity of the suspension
ncluading, for example, sedivm carboxymethyicelivlose, sorbitol and/or dexiran. The

suspension can also contain stabilizers.

The compositions of the present invention can be formulated for oral administration;
parenteral, tdraparenchyroal (into the brain), intrathecal, intraventricular or intrahepatic

administration, and/or topical administration.

Compositions and formulations for oral administration include powders or gramules,
microparticulates, nanoparticulates, suspensions or solutions in water or non-agueous raedia,
capsules, gel capsules, sachets, {ablets or minitablets. Thickeners, flavoring agents, diluents,
emulsifiers, dispersing aids or binders can be desirable. In some embediments, oral
formulations arc those in which dsRNAs featured in the invention arc administered
conjunction with one or more penctration enhancer surfactants and chelators. Suitable
surfactants include fatty acids and/or esters or salts thereof, bile acids and/or salts thereof,
Suitable bile acids/salts include chenodeoxycholic acid (CDCA) and
uwrsedeoxyehenodeoxycholic acid (UDCA), cholic acid, dehydrocholic acid, deoxycholic
acid, ghucholic acid, glychelic acid, glvcodeoxyeholic acid, taurocholic acid,
taurodeoxycholic acid, sodiom tavro-24,25-dihydro-fusidate and sodivm
glycodilydrotusidate. Suitable fatty acids include arachidonic acid, undecancic acid, oleic
acid, lauric acid, caprylic acid, capric acid, myristic acid, palmitic acid, stearic acid, lnoleic
acid, hnolenic acid, dicaprate, tricaprate, monoolein, dilaunin, glyveeryl 1-monocaprate, |-
dodecylazacycloheptan-2-one, an acylcarnitine, an acylcholine, or a monoglyceride, a
diglyceride or a pharmaceutically acceptable salt thereof (e.g., sodium). Insome
embodiments, combinations of penetration enhancers are used, for example, fatty acids/salts
in combination with bile acids/salts. One exemplary combination is the sodim salt of laoric
acid, capric acid and UDCA. Further penctration enhancers include polyoxyethylene-S-lauryt
ether, polvoxyethylene-20-cety] ether. DsRNAs featured in the invention can be delivered
orally, in granular form including sprayed dried particles, or complexed to form micro or
nanoparticles. DsRNA complexing agents inchude poly-amino acids; polyimines;

polyacryiates; polyalkylacrvlates, polyoxethanes, pelyalkylcyancacrylates; cationized
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gelating, albumins, starches, acrylates, polyethylencglycols {(PEG) and starches;
polyalkylcyanoacrylates; DEAE-derivatized polyimines, pollulans, celluloses and starches.
Suitable complexing agents include chitosan, N-trimethylchitosan, poly-L-lysine,
polyhistidine, pelyornithine, polyspermines, protamine, polyvinylpyridine,
polythiodicthylaminomethylethylene P(TDAE), polyaminostyrene {(e.g., p-amino},
poly(methyleyanoacrylate), poly{cthyleyanoacrylate), poly(butylcyanoacrylate),
polytisobutylcyanoacryiate), poly(isohexylcynaocacryiate), DEAE-methacrylate, DEAE-
hexylacrylate, DEAE-acrylamide, DEAE-albumin and DEAE-dextran, polymethylacrylate,
polvhexylacrylate, poly(D,L-lactic acid), poly{DL-lactic-co-glycolic acid (PLGA), slginate,
and polyethyleneglycol (PEG). Oral foromlations for dsRMNAs and their preparation are
descrtbed in detail in U.S. Patent 6,887,906, US Publn, No. 200306027780, and U.S. Patent

No. 6,747,014, cach of which is incorporated herein by reference.

Compositions and formulations for parenteral, intraparenchymal (into the brain),
mtrathecal, intraventricular or intrahepatic administration can include stenile aqueous
solutions which can also contain buffers, diluents and other suitable additives such as, but not
Himited to, penctration enhancers, carrier compounds and other pharmaccutically acceptable

CATTIONS OF excipients,

Pharmaceutical compositions and formulations for topical administration can inchude
transdermal patches, ointments, lotions, creams, gels, drops, suppositories, sprays, biquids and
powders. Conventional pharmaceutical carriers, agueous, powder or oily bases, thickeners
and the like can be necessary or desirable. Coated condoms, gloves and the like can also be
usctul. Suitable topical formulations include those in which the iRNAs featured inthe
mvention are in admixture with a topical delivery agent such as Hpids, liposomes, fatty acids,
fatty acid esters, steroids, chelating agenis and surfactants. Suitable lipids and liposomes
include neuiral {e.g., dicleoyiphosphatidyl DOPE cthanclaming, dimyristoylphosphatidy!
choline DMPC, distcarolyphosphatidyl choline) negative {e.g.. dinyristoylphosphatidyl
glycerol DMPG) and cationic {e. g, divleoyltetramethylaminopropyl DOTAP and
divleoyiphosphatidyl ethanolamine DOTMA)}. iIRNAs featured in the tuvention can be
encapsulated within liposomes or can form complexes thereto, in particular to cationic
Liposomes. Alternatively, IRMAs can be complexed to bipids, in particular to cationic lipids.
Suitable fatty acids and esters inchude but are not limited to arachidonic acid, oleic acid,
eicosanoic acid, lauric acid, caprylic acid, capric acid, myristic acid, palmitic acid, stearic

acid, linoleie acid, linolenic acid, dicaprate, tricaprate, monoolein, dilavrin, glycery! 1-
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monocaprate, -dodecylazacycloheptan-2-one, an acylcamitine, an acylcholine, or a Cigp
afkyl ester {e.g., isopropylmyristate IPM), monoglyceride, diglyceride or pharmaceutically
acceptable salt thereof). Topical formulations are described in detail 1n ULS, Patent No.

6,747,014, which is incorporated herein by reference.
; A

5 IRNA Formulations Comprising Membranous Molecular Assemblies

AniRNA for use in the compositions and methods of the invention can be formulated
for delivery in a membranous melecular assembly, 2.z, a liposome or a micelle. As used
herein, the term “liposome” refers to a vesicle composed of amphiphilic lipids arranged in at
least one bilayer, e.g., one bilayer or a phurality of bilayers. Liposomes include unilamellar

13 and muoltilamellar vesicles that have a membrane formed from a hipophilic material and an
aqueous interior. The aqocous portion contains the iIRNA composition. The lipophilic
material isolates the aqueous interior from an agueous cxterior, which typically does not
include the IRNA composition, although in some examples, it may., Liposomes are usetul for
the transfer and delivery of active ingredients 1o the site of action. Because the liposomal
membrane is stractorally similar to biclogical membranes, when liposomes are applied o a
tissue, the liposomal bilayer fuses with bilayer of the cellular meombranes. As the merging of
the hiposome and cell progresses, the internal agqueous contents that include the iRNA are
debivered into the cell where the iRNA can specifically bind to a target RNA and can mediate
RNAIL. insome cases the liposomes are also specifically targeted, e.g., to direct the iIRNA o

20 particular cell types.

A liposome containing a RNA1 agent can be prepared by a varicty of methods. In one
example, the Hpid component of a liposome is dissolved in g detergent so that micelies are
formed with the lipid component. For example, the lipid coroponent can be an amphipathic

cationic Hpid or lipid conjugate.  The detergent can have a high critical nucelle concentration

b
N

and may be nonionic. Exemplary detergents include cholate, CHAPS, octylglucoside,
deoxycholate, and lauroyl sarcosine. The RINA1 agent preparation is then added to the
micelles that inchude the hpid component. The cationic groups on the lipid interact with the
RNA1 agent and condense around the RNA{ agent to form a liposome. After condensation,

the detergent is removed, e.g., by dialysis, to yvield a liposomal preparation of RINA1 agent.

.
(]
o
o

H necessary a carrier compound that assists in condensation can be added during the
condensation reaction, e.g., by controlled addition. For example, the carrier compound can
be a polymer other than a nucleic acid (e.g., spermine or spermidine}. pH can also adjusted

to favor condensation.
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Methods for producing stable polynucleotide delivery vehicles, which incorporate a
polynucleotide/cationic Hpid complex as structural components of the delivery vehicie, are
further described in, e.g., WO 96/37194, the entire contents of which are incorporated herein
by reference. Liposome formation can also include one or more aspects of exemplary
methods described in Felgner, P. L. ef al,, Proc. Natl Acad. Sci., USA 8:7413-7417, 1987;
U.S. Pat. No. 4,897,355; U.S, Pat. No. 5,171,678; Bangham, ef ol M. Mol Biol 23:238,
19635; Olson, et al. Biochim. Biophvs. Acta 557.9, 1979; Szoka, et al. Froc. Natl. Acad. Sci.
75. 4194, 1978; Mavhew, ef al. Biochim. Riophvs. Acta 775:169, 1984; Kim, ef af. Riochim.
Biophys. Acta 728:339, 1983; and Fukunaga, et ¢l Endocrinol. 115757, 1984, Conuonly
used techniques for preparing lipid aggregates of appropriate size for use as delivery vehicles
melade sonication and freeze-thaw plas extrusion (see, e.g., Mayer, ef gl Biochim. Biophys.
Acta 858:161, 1986). Microfluidization can be used when consistently small (50 to 200 nm)
and relatively uniform aggregates are desired (Mayhew, ef al. Biochim. Biophys. Acta
775:169, 19843, These methods are readily adapted to packaging RNA1 agent preparations

mto liposomes.

Liposomes fall indo two broad classes. Cationic Hposomes are positively charged
liposomes which nteract with the negatively charged nucleic acid molecules to form a stable
complex. The positively charged nucleic acid/Hposome complex binds o the negatively
charged cell surface and is interpalized in an endosome. Due to the acidic pH within the
endosome, the Hposomes arc raptured, releasing their contents tnte the cell cytoplasm (Wang

et al., Biochem. Biophvs., Res. Commun., 1987, 147, 980-985).

Liposomes which arc pH-sensitive ot negatively-charged, entrap nucleie acids rather
than complex with it. Since both the mucleic acid and the lipid are stmilarly charged,
repulsion rather than complex formation occurs. Nevertheless, some nucleic acid is entrapped
within the agucous interior of these liposomes. pH-sensitive liposomes have been used to
debiver nucleic acids encoding the thymidine kinase gene to coll monolayers in culture.
Expression of the exogenous gene was detected in the target cells (Zhou ef ol Journal of

Controlled Release, 1992, 19, 269-274).

One major type of liposomal composition inclades phospholipids other than naturalhy-
derived phosphatidylcholine. Neotral Hposome compositions, for example, can be formed
from dimyristoyl phosphatidylcholine (DMPC) or dipalmitoyl phosphatidyicholine (DPPC).
Anionic Aposome composifions generally are formed from dimyristoyl phosphatidyighycerol,

while anionic fusogenic Hposomes are formed primarily from dioleoyl
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phosphatidylethanolamine (DOPE). Another type of Hposomal composition is formed from
phosphatidylicholine (PC) such as, for example, sovbean PC, and egg PC. Another type is

formed from mixtures of phosphelipid and/or phosphatidylcholine and/or cholesterol.

Examples of other methods to introduce liposomes into cells in vitro and in vive
inclode U.S. Pat. No. 5,283,185; U.S. Pat. No. 5,171,678; WO 94/00569; WO 93/24640; WO
01/16024; Felgner, J. Biol. Chem. 269:2550, 1994; Nabel, Proc. Nail, Acad. Sci. S0:11307,
1993; Nabel, Human Gene Ther. 3:649, 1992; Gershon, Biochem. 32:7143, 1993; and Strauss

EMBOJ 11417, 1992,

Non-tonie Hposomal systems have also been examined to determine their utifity in the
debivery of drugs to the skin, in particular systems comprising non-ionic sorfactant and
cholesierol. Non-ionic Hposomal formulations comprising Novasome' ™ 1 (glyceryl
ditaurate/cholesterol/polyoxyethylone- 10-steary! ether) and Novasome ™ 11 {glyceryl
distearate/cholesterol/polyonyethylenc- 10-stearyi ether) were used to deliver cyclosporin-A
into the dermis of mouse skin, Results indicated that such non-ionic liposomal systems were
ctfective in facilitating the deposition of cyclosporine A into different layers of the skin (Hu

et al. 8.7 P FPharma. Sci., 1994, 4(56) 4663,

5

Liposomes also include “sterically stabilized™ liposomes, a term which, as used
herein, refers to Hiposomes comprising one or more specialized lipids that, when incorporated
mto liposomes, result n enhanced circulation lifetimes relative to liposomes lacking such
specialized lipids. Examples of sterically stabilized liposomes are those in which part of the

resicle-forming lipid portion of the liposome (A) coraprises one or more glycolipids, such as
monosialoganghioside Gy, or (B) is derivatized with one or more hydrophilic polymers, such
as a polyethylene glycol (PEG) moiety, While not wishing to be bound by any particolar
theory, it is thought in the art that, at least for sterically stabilized liposomes coniaining
gangliosides, sphingomyelin, or PEG-derivatized lipids, the enbanced circulation half-life of
these sterically stabilized hposomes derives from a reduced uptake into cells of the
reticuloendothelial system (RES) (Allen er af., FEBS Letters, 1987, 223, 42; Wu ef al.,

Cancer Research, 1993, 53, 3765).

Various liposomes comprising one or more glycolipids are known in the art.
Papahadjopoulos ef ¢f. (dnn. N.Y. Acad. Sci., 1987, 507, 64) reported the ability of
monosialoganghioside Guy, galactocerchroside sulfate and phosphatidylinositol o improve

blood half-lives of liposomes. These findings were expounded upon by Gabizon ef al. (Proc.
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Nadl Acad. Sci. US.A., 1988, 85, 6549}, U.S. Pat. No. 4,837,028 and WO 88/04924, both to
Allen & al., disclose liposomes comprising (1) sphingomyelin and (2) the ganghoside Gy or
a galactocerebroside sulfate ester. ULS, Pat. No. 5,543,152 (Webb er af.) discloses liposomes
comprising sphingomyelin. Liposomes comprising 1,2-su-dimyristoylphosphatidyicholine are

disclosed in WO 87/13499 (Lim ef af).

In one embodiment, cationic liposomes are used. Cationic liposomes possess the
advantage of being able to fuse to the cell membrane. Non-cationic Hposomes, although not
able to fuse as efficiently with the plasma membrane, are taken up by macrophages in vivo

and can be used to deliver RNAI agents to macrophages.

Further advantages of Hposomes inclade: Hiposomes obtained from natural
phospholipids are biocompatible and biodegradabic; liposomes can incorporate a wide range
of water and lipid soluble drugs; Hiposomes can protect encapsulated RNAJ agents in their
mternal compartments from metabolism and degradation (Rosoff, in "Pharmaceutical Dosage
Forms," Licherman, Rieger and Banker (Eds.), 1988, volume 1, p. 245). Tmportant
considerations in the preparation of liposome formulations are the lipid surface charge,

vesicle size and the aqueous volume of the Hposomes.

A positively charged synthetic cationic lipid, N-{1-(2,3-dioleyloxyipropyl]-IN,DN N~
wrimethylanmonium chioride (DOTMA) can be used to form small liposomes that interact
spontancously with nucleic acid to form lipid-nucleic acid complexes which are capable of
fusing with the negatively charged lipids of the cell membranes of tissue culture cells,
resuiting in delivery of RN At agent (see, e.g., Felgner, P. L. et al,, Proc. Natl. Acad. Sci,,
UBSA 8:7413-7417, 1987 and U5, Pat. No. 4,897,358 for a description of DOTMA and its use
with DNAJ.

A DOTMA analogue, 1,2-bis(oleoyloxy)-3-(irimethylanmmonia)propane (DOTAF)
can be used in combination with a phospholipid to form DNA-complexing vesicles.
Lipofectin™ Bethesda Research Laboratories, Gaithersburg, Md.) is an effective agent for
the delivery of highly anionic nucleic acids into living tissue culture ceils that comprise
posttively charged DOTMA liposomes which interact spontancounsly with negatively charged
polynucleotides to form complexes. When enough positively charged liposomes are ased, the
net charge on the resulting comploxes is also positive. Positively charged complexes
prepared in this way spondancously attach to negatively charged cell surfaces, fuse with the

plasma membrane, and efficiently deliver fimetional nucleic acids into, for exanmple, tissue

HY
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culture cells. Another commercially available cationic lipid, 1,2-bis{cleoyloxy)-3,3~
{trimethylaromonia)propane (“DOTAP”) {Bochringer Manunheim, Indianapolis, Indiana)
differs from DOTMA in that the oleoyl moietics are linked by ester, rather thag cther

Hinkages.

Other reported cationic lipid compounds include those that have been conjugated toa
varicty of moieties inchuding, for example, carboxyspermine which has been conjugated to
one of twe types of lipids and includes compounds such as S-carboxyspermylglycine
disctacleoylamide (“DOGS™) (Transfectam™, Promega, Madison, Wisconsin} and
dipalmitoylphosphatidylethanolamine S-carboxysperoyl-amide (“DPPES”) (see, e.g., U5,

Pat. No. 5,171,678).

Another cationie lipid conjugate includes derivatization of the lipid with cholesterol
(“DC-Chol”) which has been formulated into liposomes in combination with DOPE (See,
Gao, X. and Hoang, L., Biochim. Biophys. Res. Commun. 179280, 1991}, Lipopolylysine,
made by conjugating polylysing to DOPE, has been reported io be offective for transfoction
in the presence of serum (Zhou, X, ot al., Biochim. Biophys. Acta 1065:8, 1991). For cortain
cell lines, these Hposomes containing conjugated cationic lipids, are said to exhibit lower
toxicity and provide more efficient transfection than the BOTMA-containing compositions.
Other commercially available cationic lipid products incinde DMRIE and DMRIE-HP (Vical,
La Jolla, California) and Lipofectamine (DOSPA) (Life Techuology, Inc., Gaithershurg,
Maryland). Other cationic lipids suitable for the delivery of oligonucleotides are described in

WO 98/39359 and WO 96/37194.,

Liposomal formulations are particularly sutted for topical administration, Hposomes
present several advantages over other formulations. Such advantages inchude reduced side
effects related to bigh systemic absorption of the adnumistered drug, increased accumulation
of the adminisiered drug at the desived target, and the ability to admirdster RNAG agent into
the skin, In some implementations, liposomes are used for delivering RNA1 agent to
eptdermal cells and also to enhance the penetration of RNAI agent into dermal tissues, e.g,,
into skin. For example, the liposomes can be applied topically. Topical delivery of drugs
formulated as liposomes 1o the skin has been documented (see, e.g., Weiner ef al., Journal of
Divug Targeting, 1992, vol. 2,405-410 and du Plessis ef al., Antiviral Research, 18, 1992,
259-265; Mannino, R, J, and Fould-Fogerite, S., Rivtechnigues 6:682-690, 1988; Itani, T. ef

al. Gene 56:267-276. 1987, Nicolay, C. ef al. Merh, Enz. 149:157-176, 1987, Straubinger, R,

~J
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M. and Papahadjopoulos, D, Meth, Enz. 101:512-527, 1983; Wang, C. Y. and Huang, L.,
Proc. Natl dcad. Sci. USA 84:7851-7455, 1987).

Non-tonie Hposomal systems have also been examined to determine their utifity in the
debivery of drugs to the skin, in particular systems comprising non-ionic sorfactant and
cholesterol. Non-ionic fiposomal formulations comprising Novasome I {glyceryl
dilaurate/cholesterol/polyoxyethylene- 1 G-stearyl ether) and Novasome H (glyceryl distearate/
cholesterol/polyoxyethylene- 10-stearyl ether) were used to deliver a drag into the dermis of
mouse skin, Such formmiations with RNAI agent are useful for treating a dermatological

disorder,

Liposomes that inchude iIRNA can be made highly deformable. Such deformability
can cnable the liposomes to penetrate through pore that are smaller thao the average radius of
the liposome. For cxample, transferosomes are a type of deformable liposomes.
Transferosomes can be made by adding surface edge activators, usually surfactants, to a
standard liposomal composition. Transferosomes that include RNA1 agent can be delivered,
for example, subcutanecusly by infection in order to deliver RINA1 agent to keratinocyies in
the skin. In order to cross intact mammalian skin, lipid vesicles must pass through a series of
fine pores, cach with a diameter less than 50 nm, under the influence of a suitable transdermal
gradient. 1n addition, due to the lipid propertics, these transferosomes can be seif-optimizing
{(adaptive 1o the shape of pores, e.g., i the skin), sclf-repairing, and can frequenily reach thew

targets without fragmenting, and often self-loading.

Other forronlations amenable to the present invention are described in United States
provisional application serial Nos. 61/018,616, filed January 2, 2008; 61/018,611, filed
January 2, 2008; 61/039,748, filed March 26, 2008; 61/047 087, filed April 22, 2008 and
61/051,528, filed May &, 2008. PCT application no PCT/USZ0(07/080331, filed Gctober 3,

2007 also describes formoulations that are amenable 1o the present fnvention.

Transferosomes are yet another type of hposomes, and are highly deformable lipid
aggregates which are attractive candidates for drug delivery vehicles. Transferosomes can be
described as lipid droplets which are so highly deformable that they are easily able to
penetrate through pores which are smaller than the droplet. Transferosomes are adaptable to
the environment in which they are used, e.g., they are self-optimizing (adaptive to the shape
of pores 1n the skin), self-repairing, frequently reach their targets without fragmenting, and

often self-loading. To make ransferosomes it is possible to add surface edge-activators,

~J
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asually surfactants, to a standard liposomal composition. Transferosomes have been used to
deliver serum albumin to the skin. The transferosome-mediated delivery of serum albumin
has becn shown to be as effective as subcutancous injection of & solution containing serum

albumin.

Surfactants find wide application in formulations such as emulsions (inchuding
microemulsions) and liposomes. The most common way of classifying and ranking the
propertics of the many different types of sarfactants, both natural and synthetic, is by the use
of the hydrophile/lipophile balance (HLB). The nature of the hydrophilic group {also known
as the "head”) provides the most uscful means for categorizing the ditferent surfactands used
m formulations (Rieger, in Pharmaccutical Dosage Forms, Marcel Dekker, Inc., New York,

N.Y., 1988, p. 285).

If the surfactant molecule is not ionized, it is classified as a nonionic surfactant.
Nonionic surfactants find wide application in pharmaceuntical and cosmetic prodacts and are
usablc over a wide range of pH values. In general their HLB values range from 2 to about 18
depending on their structure. Nondonic surfactants include nonionic esters such as cthylene
glycol esters, propylene glycol esters, glyceryl esters, polyglyeeryl esters, sorbitan esters,
sucrose esters, and ethoxylated esters. Nonionic alkanolamides and ethers such as fatty
alcobol ethoxylates, propoxylated alcohols, and ethoxylated/propoxylated block polymers are
also focluded 1o this class. The polyoxyethylene surfactants are the most popular members of

the nonionic surfactant class,

If the surfactant molecule carries a negative charge when it s dissolved or dispersed
n water, the surfactant is classified as anionic. Andonic surfactants inchade carboxylates such
as soaps, acyl lactylates, acyl amides of amino acids, esters of suifuric acid such as alkyl
sulfates and cthoxylated alkyl sulfates, suifonates such as alkyl benzene sulfonates, acyl
sethionates, acyl taurates and sulfosuccinates, and phosphates. The most traportant members

of the anionic surfactant class are the alkyl sulfates and the soaps.

If the surfactant molecule carries a positive charge when it is disselived or dispersed in
water, the surfactant is classified as cationie. Cationic surfactants include quaternary
ammonium salts and ethoxylated amines. The quaterpary annwnonium salts are the most ased

members of this class.

~J
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If the sarfactant molecule has the ability to carry cither a positive or negative charge,
the surfactant is classified as amphoteric. Amphoteric surfactants include acrylic acid

derivatives, substituted alkylamides, N-alkyibetaines and phosphatides.

The vse of surfactants in drug products, formulations and in emulsions has been
revigwed (Rieger, in Pharmaceutical Dosage Forms, Marcel Dekker, Inc., New York, NY .,

1988, p. 285).

The iRNA for use in the methods of the nvention can also be provided as micellar
formulations. ““Micelles” are defined herein as # particular type of molecular assembly 1o
which amphipathic molecules are arranged in a spherical structure such that all the
hydrophobic portions of the molecules are directed inward, leaving the hydrophilic portions
in contact with the surrounding aqueous phase. The converse arrangement exists if the
environment is hydrophobic.

A mixed micellar formulation suitable for delivery through transdermal membranes

ol

may be prepared by mrixing an aqueous solution of the siRNA composition, an alkali metal Gy

&

to Uz alkyl sulphate, and a micelle forming compounds. Exemplary micelle forming
compoends include lecithin, hyaluronic acid, pharmaceotically acceptabie salts of hyaluronic
acid, glycolic acid, lactic acid, chamomile extract, cocumber ¢xtract, oleic acid, linoleic acid,
Iinelenic acid, monoolein, monooleates, monelaurates, borage oil, evening of primrose oil,
menthol, trihydroxy oxo cholanyl glycine and pharmaceutically acceptable salts thereof,
glycerin, polyglycerin, lysine, polylysine, triclein, polyoxyethylene ethers and analogues
thercof, polidocanct alkyl ethers and analogues thereof, chenodeoxychelate, deoxycholate,
and mixtures thereof. The micelic forming compounds may be added at the same time or
after addition of the alkali metal alkyl sulphate. Mixed micelles will form with substantially
any kind of mixing of the ingredicnts but vigorous mixing in order to provide smaller size

micelles.

In one method a first micellar composition is prepared which contains the SIRNA
composition and at least the alkali metal alkyf sulphate. The first micellar composition is then
mixed with at least three micelle forming compounds to form a mixed micellar composition.
In another method, the micellar composition is prepared by mixing the siRNA composition,
the alkali metal allyl sulphate and at least one of the micelle forming compounds, followed

by addition of the remaining micelle forming compounds, with vigorous mixing.

~3
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Phenol and/or m-cresol may be added to the mixed micellar composition to stabilize
the formufation and protect against bacterial growth. Alternatively, phenol and/or mi-cresol
may be added with the maicelle forming jngredicnts. An isotonic agent such as glyeerin may

also be added after formation of the mixed micellar composition,

For delivery of the micellar formulation as a spray, the formulation can be put info an
acrosol dispenser and the dispenser is charged with a propeliant. The propellant, which is
under pressure, is in Hguid form in the dispenser. The ratios of the ingredients are adjusted so
that the aqueous and propellant phases become one, i.e., there is one phase. I there are two
phascs, 1t 18 necessary to shake the dispenser prior to dispensing a portion of the contents,
e.g., through a metered valve. The dispensed dose of pharmaceutical agent 1s propelled from

the metered valve in a fine spray.

Propellants may include hydrogen-containing chlorofluorocarbons, hydrogen-
containing fluorocarbons, dimethyl ether and diethyl other. In certain embodiments, HFA

134a (1,1,1,2 tetraflucrocthanc ) may be used.

The specific concentrations of the essential ingredients can be deternuned by
relatively straightforward experimentation. For absorption through the oral cavities, itis
often desirable to increase, e.g.. at least double or triple, the dosage for through injection or
administration through the gastrointestinal tract.

Lipid particies

The iIRNASs, e.g., dsRNAs of in the imvention may be fully encapsuelated in a lipid

formulation, e.g., a LNP, or other nucleic acid-lipid particle.

As used herein, the torm "LNP" refers to a stable nucleic acid-lipid particie. LNPs
condain a cationic lipid, a non-cationic Hpid, and a lipid that prevents aggregation of the
particle (2.g., a PEG-lipid conjugate). LNPs are extremely useful for systemic applications, as
they exhibit extended circulation lifetimes following mtravenous (iv.} injection and
accunmilate at distal sites {e.g., sites physically separated from the administration site}. LNPs
melade "pSPLP," which include an encapsulated condensing agent-nucleic acid complex as
set forth in PCT Publication No. WO /03683, The particles of the present invention
typically have a mean diameter of about 50 nm to about 150 nm, move typically about 60 nm
to about 130 nm, more typically about 70 nm to about 110 nm, most typically about 70 nia o
about 90 1o, and are substantially nontoxic. In addition, the nucleic acids when present in the

nucleie acid- lipid particles of the present invention are resistant in aqueous solution to
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degradation with a nuclease. Nucleic acid-lipid particles and their method of preparation are
disclosed in, e.g., U.S. Patont Nos. 5,976,567; 5,981,501; 6,534, 484; 6,586,410; 6,815,432;
118, Publication No. 2010/0324120 and PCT Publication No. WO 96/40864,

In one embodiment, the lipid to drog ratio {mass/mass ratio) (e.g., lipid to dsRNA
ratio} will be in the range of from sbout 1:1 to about 5{:1, from about 1:1 to about 25:1, from
about 3:1 to about 15:1, from about 4.1 to about 10:1, from about 5:1 to about 911, or about
6:1 to about 9:1. Ranges intermediate to the above recited ranges are also contemplated to be

part of the invention.

The cationic lipid can be, for example, N N-dioleyl-N,N-dimethylanmmonium chloride
(DODAC), N N-distearyl-N N-dimethylanumonivm bromide (PDAB), N-(I -(2,3-
dioleoyloxyipropyli-N N N-trimethyiammonium chioride (BOTAP), N-(1-(2,3-
dioleyloxypropyD)-MN,N,N-trimethylammonium chloride (DOTMA), N N-dimethy!-2,3-
dioleyloxyipropylamine (DODMA), 1,2-Dilincleyloxy-N N-dimethylaminopropane
{DLinDMA), 12-Dilinclenyloxy-N,N-dimethylaminopropane (DLenDMAY, 1,2-
Dilinoleylcarbamoyloxy-3-dimethylaminopropane (DLin-C-DAP), 1,2-Dilincleyoxy-3-
(dimethylamino)acetoxypropane (DLin-DAC), 1,2-Dilinoleyoxy-3-morpholinopropane
(DLin-MA), 1,2-Dilinoleoyl-3-dimethylaminopropane (DLDAP), 1,2-Dilincleyhthio-3-
dimethylaminopropane (DLin-S-DMA), 1-Linoleoyl-2-linoleyloxy-3-dimethylaminopropane
(DLin-2-DMAP), 1,2-Dilinocleyloxy-3-trimethylaminopropane chioride salt (DLin-TMA.CH,
1,2-Dilinoleoyi-3-trimethylaminopropane chloride salt {DLin-TAP.CH, 1,2-Dilincleyloxy-3-
{(N-methylpiperarinepropane (DLin-MPZ), or 3-{N N-Dilinoleylaminoe)- 1, 2-propancdiol
(DLmMAP), 3-(N N-Dioleylamino)-1,2-propancdio (DOAP), 1,2-Dilinoleyioxo-3-(2-N,N-
dimethylaminojethoxypropane (DLin-EG-DMA), L2-Dilinolenyloxy-N,N-
dimethylaminopropane (BLinDMA), 2,2-Dilinoleyl-4-dimethylaminomethyl-{ 1,3 ]-dioxolane
(DLin-K-DMA) or analogs thereof, (3aR, 55,685 )-N N-dimethyl-2,2-d{{97,127)-cctadeca-
9, 12-dienyintetrabydro-3aH-cyclopenta{d]| 1,3 ]dioxol-5-amine (ALN100), (62,92,2872,317)-
heptatriaconta-6,9,28 3 1-tetraen-19-y] 4-(dimethylamine ybutancate (MC3), 1,1-(2-(4-2-((2-
{bis(2-hydroxydodecyamine jethy D 2-hydroxydodecyhaminojethy Dpiperazin- |-
viethylazanedivlididodecan-2-ol (Tech (1), or 8 mixture thereof. The cationic lipid can
comprise from about 20 mol % to about 50 mol % or about 40 mol % of the total lipid present

1 the particle.

In another embodiment, the compound ‘292-1’_}iiincsicyi-éiv—dimetbyiaminoethv!—{1 3

dioxolane can be used to prepare Hpid-siRNA nanoparticles. Synthesis of 2,2-Dilinoleyl-4-
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dimethylaminoethyl-[1 3]-dioxolane is described in International application no.
PCT/US2009/061897, published as WO/2010/044536, which is herein incorporated by

reference.

In one embodiment, the hipid-siRNA particle includes 40% 2, Z-Dilinoleyi-4-
dimethylaminoethyl-[1,3}-dioxeclane: 10% DSPC: 40% Cholesterol: 10% PEG-C-DOMG

{mole percent) with a particle size of 63.0 % 20 nm and a 0.027 siIRNA/Lipid Ratio.

The ionizable/non-cationic lipid can be an anionic Hpid or a neutral lipid incluoding,
but not imited to, distearcyipbosphatidylcholine (DSPC), diolcoyliphosphatidylcholine
(DOPC), dipalmitoyiphosphatidylcholine (DPPC), dicleoylphosphatidyiglycerol (DOPG),
dipalmitoylphosphatidylglycerol (DPPG), dioleoyl-phosphatidylethanolamine (DOPE),
palmitoyloleoylphosphatidylcholine (POPC), palmitoyloleoyiphosphatidylethanclamine
(POPE), diolcovl- phosphatidylethanolamine 4-(N-maleimidomethy}-cyclohexane-I-
carboxylate (DOPE-mal), dipalmitoyl phosphatidy] ethanolamine (DPPE),
dimyristoylphosphoethanolamine {DMPE), distearoyl-phosphatidyi-ethanolamine (DSPE},
16-O~-monomethyl PE, 16-O-dimethyl PE, 18-1 -trans PE, 1 -stearoyl-Z-oleoyl-
phosphatidyethanolamine (SOPE), cholesterol, or a mixture thereof. The non-cationic lipid
can be from about 5 mol % to about 90 mol %, about 18 mol %, or about 58 mol % if

cholesterol is included, of the total lipid present in the particle.

The conjugated lipid that mhibits aggregation of particles can be, for example, a
polyethyleneglycol (PEG)-lipid including, without limitation, a PEG-diacylglycerol (DBAQ), a
PEG-dialkyloxypropyl (DAA), a PEG-phospbolipid, a PEG-ceramide (Cer), or a mixture
thereof. The PEG-DAA conjugate can be, for example, & PEG-dilavryloxypropyvl (Cip), a
PEG-dimyristyloxypropy! (Cly}, a PEG-dipalmityloxypropyl (Cig), or a PEG-
distearyloxypropyl {Cls). The conjugated lpid that provents aggregation of particies can be

from 0 mol % to about 20 mol % or about 2 meol % of the total lipid prescnt in the particle.

In some embodiments, the nucleic acid-lipid particle finrther includes cholesterol at,
e.g., about 10 mol % to about 60 mol % or about 48 mol % of the total lipid present in the
particle.

In one embodiment, the lipidoid ND98-4HCT (MW 1487) (sec U.S. Patent Application
No. 12/056,230, filed 3/26/2008, which is tncorporated herein by reference), Cholesterol
(Sigma-Aldrich), and PEG-Ceramide C16 {Avanti Polar Lipids) can be used to prepare Iipid-

dsRNA nanoparticles (F.e., LNPO1T particles). Stock solutions of sach in ethanol can be
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prepared as follows: NDB98, 133 mg/ml; Cholestercl, 25 mg/ml, PEG-Ceramide C16, 100
mg/ml, The ND9R, Cholesterol, and PEG-Ceramide C16 stock sohstions can then be
combined in a, e.g., 42:48:10 molar ratio. The combined lipid sclution can be mixed with
aqueous dsRNA (e.g., in sodimm acetate pH 5) such that the final ethanol concentration is
about 35-45% and the final sodium acetale concentration is about 100-300 mM. Lipid-
dsRINA nanoparticles typically form spontancously upon mixing. Bepending on the desived
particle size distribution, the resultant nanoparticle mixture can be extruded through a
polycarbonate membrane (e.g., 100 nm cut-offy using, for example, a thermobarrel extruder,
such as Lipex Extruder (Northern Lipids, Inc). In some cases, the extrusion step can be
omitted. Ethanol removal and simwltancous buffer exchange can be accomplished by, for
example, dialysis or tangential flow filtration. Buffer can be exchanged with, for example,
phosphate buffered saline (PBS) at about pH 7, 2.z, about pH 6.9, about pH 7.0, about pH
7.1, sbout pH 7.2, about pH 7.3, or about pH 7.4, LNPO1 formulations are described, e.g., in
International Apphication Publication No. WO 2008/042973, which is hereby incerporated by

reference.
Additional exemplary lipid-dsRNA formuiations are described in Table A.

Table A. Exemplary lipid dsRNA formulations

PCT/US2015/054881

cationic lipid/non-cationic
Tonizable/Cationie Lipid lipid/cholesterol/PEG-lipid conjugate
Lipid:siRNA ratio
{2 D linolenvlony NN DLinDMA/DPPC/Cholesterol/PEG-cDMA
LNP DLinDMA | o7 IRGISBeRy=ING- (57.1/7.1/34 4/1.4)
- dimethylaminopropane (PLinIMA) lipid:siRNA ~ 7:1
2 XTC 2,2-Dilinoleyl-4-dimethylarainoethyi-{1,3}- 2? ELI;DEI:?[;? (L)ilesteml/PE(;—cDI\«iA
- dioxolane (XTC) hp1 de/N A "‘7'('1
.. ~ g
. . . o XTC/DSPC/Cholesterol/ PEG-DMG
L NPOS 2, 2-Inlinoleyvi-4-dimethylaminocthyi-{ 1,3} EWTE,._,D‘; El( 5(,“;1 (;thg VPEG-DMG
: dicxolane (XTC) ipI:iSIRI‘Z Ao
1 NPOS 2,2-Dilinoleyl-4-dimethylarainoethyl-[ 1,3} 2? :;DSE:i;;(éu‘)slestem}/PE(;—DM(J
ioxolane (XTC) A
dioxolane (XTC) ipid:siENA ~ 111
. . . o XTC/DSPC/Cholesterol/ PEG-DMG
L NPOT 2, 2-Inlinoleyvi-4-dimethylaminocthyi-{ 1,3} ;:(3,? 5; 5? :Zdﬂlwtg VPEG-DMG
' dicxolane (XTC) hpllds;iﬂ‘;' AJN 61
LNPOR 2,2-Dilinoleyi-4-dimethylarninoethyi-[1,3]- é((}} /SI%S '1P/?z}ﬂ()lesteml/PE(;—DMG
i ane (XT :\“ ! /'/. ’ ,, .y )
dioxolane (XTC) ipid siENA — 111
. . . o XTC/DSPC/Cholesterol/ PEG-DMG
L NFGO 2, 2-Inlinoleyvi-4-dimethylaminocthyi-{ 1,3} }g?@ggpﬁ%limkbt& VPEG-DMG
dicxolane (XTC) il;A‘siR_N A 10

~J
~
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LNP1O

(3aR,55,648)-N N-dimethyl-2,2-d§(92,127)-

octadeca-9,1 2-dienyltetrabydro-3aH-
cvclopentafdi{1,3]dioxol-S-amne (ALN100}

ALNTO/ ISP/ Cholesterol/ PEG-IIMG
SG/1(/38.5/1.5
LipidisiRNA 1003

LNPUI

(62,97,287 3172 -heptatriaconta-6,9,28 31~
tetraen- 19-v1 4-(dimethylarcino)butanoate
(MC3)

MC-3/DSPC/Cholesterol/PEG-DMG
SO/10/38.5/1.8
LipidisiRNA 1003

LNP12

11 (2422 (b2
hydroxydodecyDaminoyethy(H(2-
hydroxydodecylammojethylpiperazin-i -

By

yhethyviazanediyhdidodecan-2-0l (012-200>

Tech GI/DSPC/Cholesterol/PEG-DMG
50/10/38.5/1.5
Lipid:siRNA 10:1

LNPI3

XTC

XTC/DSPC/Chol/PEG-DMG
SO/A10/38.5/1.5
Lipid:siRNA: 33:1

LNF14

MC3

MC3/DEPC/Chel/PEG-DMG
40/15/40/5
LipidisiBNA: 1101

ENPLS

MC3

MC3/DSPC/Chol/ PEG-DSG/GalNAc-PEG-
DSG

S0/1(Y/35/4.5/0.5

LipidisiRNAG 1101

LNP16

MC3DSPC/Chol/PEG-DMG
SG/10/38.5/1.5
Lipid:siRNA: 7:1

LNPL7

MC3

MC3/DSPL/Chol/PEG-DSG
50/10/38.5/1.5
Lipid:siRNA: 10:1

LNP18

MC3/DSPC/Chol/PEG-DMG
/10/38.5/1.5
BSiRNA: 12:1

LNPI9

MC3

MC3/DSPC/Chol/PEG-DMG
50/10/35/5
LipidisiBNAL 801

LINP20

MC3

MC3DSPC/Chol/PEG-DPG
SO/A10/38.5/1.5
Lipid:siRNA: 1301

LNE2]

C12-200

C12-200/DSPC/Chol/PEG-DSG
S0/10/38.5/1.5
LipidisiBNA: 701

LINP22

XTC

XTC/SPC/Chol/PEG-DSG
SO/A10/38.5/1.5
Lipid:siRNA: 1301

Abbreviations in Table A include the following:

DEPC:

distearoyiphosphatidylcholine; DPPC: dipalmitoyiphosphatidylcholine; PEG-DMG: PEG-
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didimyristovi giyoerol {C14-PEG, or PEG-C14) (PEG with avg mol wt of 2000); PEG-DSG:
PEG-distyryi ghycerol {C18-PEG, or PEG-C18) (PEG with avg mol wit of 2000); PEG-

cDMA: PEG-carbamoyl-1,2-dinyristyloxypropylamine (PEG with avg mol wt of 2000).

DLinDMA (1,2-Dilinolenyloxy-N N-dimethylaminopropance) comprising formulations
5 are described in International Publication No, WO2Z009/127060, filed April 15, 2009, which

i8 hereby incorporated by reference.

XKTC comprising formulations are described, e.g., in U.S. Provisional Serial No.
61/148,366, filed January 29, 2009, U.S. Provisional Serial No. 61/156,851, filed March 2,
2009; U5, Provisional Serial No. filed hume 10, 2009; 11.S. Provisional Serial No,
10 617228373, filed July 24, 2009; U8, Provisional Serial No. 61/239,6R6, filed September 3,
2009, and International Application No. PCT/US2010/022614, filed January 29, 2010, which

arc herchy incorperated by reference.

M3 comprising formulations are described, e g, in U.S. Publication No.
2010/0324120, filed June 10, 2010, the entire contents of which are hereby incorporated by

15 reference.

ALNY-100 comprising formulations are described, e.g., Internationsal patent
application number PCT/US09/63933, filed on November 10, 2009, which is hereby

mecorporated by reference.

C12-200 comprising formulations are described in 1.8, Provisional Sevial No.
200 61175770, filed May 5, 2009 and International Application No. PCT/USG/33777, filed

May 5, 2010, which are hereby incorporated by reference.
Additional Formulatiens

i Emulsions
The composttions of the present invention can be prepared and formulated as
25  cmulsions. Emulsions arc typically heterogencous systerns of one liquid dispersed in another
m the form of droplets usually exceeding 0. 1um in diameter (sec e.g., Ansel's Pharmaceutical
Dosage Forms and Drug Delivery Systems, Allen, LV, Popovich NG., and Anscl HC., 2004,
Lippincott Williams & Wilkins (8th ed.), New York, NY; Idson, in Pharmaceutical Dosage
Forms, Ligberman, Rieger and Banker (Eds.), 1988, Marcel Dekker, Inc., New York, N.Y.,
30 volume 1, p. 199; Rosoff, in Pharmaceutical Dosage Forms, Licberman, Rieger and Banker
(Hds.}, 1988, Marcel Dekker, Inc., New York, NUY., Volume 1, p. 245; Block in

Pharmaceutical Dosage Forms, Lieberman, Rieger and Banker (Eds.), 1988, Marcel Deklker,
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Inc., New York, N.Y., volume 2, p. 335; Higuchi ef o/, in Remington's Pharmaceutical
Sciences, Mack Publishing Co., Easton, Pa., 1945, p. 301). Emulsions are often biphasic
systems comprising two iramiscible Hquid phases intimately mixed and dispersed with cach

other. In general, emulsions can be of either the water-in-0il (w/o) or the oil-in-water {o/w)

(]

variety. When an aqueous phase is finely divided into and dispersed as mimute droplets info a

bulk otly phase, the resulting composition is called a water-in-oil (w/o) emulsion.

Aliernatively, when an oily phase is finely divided into and dispersed as minute droplets into

a bull aqueous phase, the resulting composition is called an oil-in-water (o/w) emnilsion.

Emulsions can contain additional components in addition to the dispersed phases, and the

10 active drog which can be present as a solution in either the aqueous phase, oily phase or itself
as a separate phase. Pharmaceutical excipients such as emulsifiers, stabilizers, dyes, and anti-
oxidants can also be present in emulsions as needed. Pharmaceutical enmulsions can also be
multipic cmulsions that arc comprised of more than two phases such as, for example, in the
case of oil-in-water-in-oil {o/w/0) and water-in-oil-in-water {w/o/w) emulsions. Such

1S complex formulations often provide certain advantages that simple binary emulsions do not.

Maultiple emulsions in which individual cil droplets of an o/w emulsion enclose small water

droplets constitute a w/o/w comision. Likewise a system of oil droplets coclosed in globules

of water stabilized n an oily contimuous phase provides an o/w/o enuilsion.

Emuisions are characterized by little or no thermodynamic stabifity. Often, the

20 dispersed or discontinuous phase of the cnulsion is well dispersed into the external or
continuous phase and maintained n this form through the means of enulsifiers or the
viscosity of the formulation. Either of the phases of the emulsion can be a semisohid or a
solid, as is the case of enmulsion-style ointment bases and creams. Other means of stabilizing
emulsions entail the use of emulsifiers that can be incorporated nto either phase ofthe

25 emulsion. Emulsifiers can broadly be classified into four categories: synthetic surfactants,
naturally occurring ermuisifiers, absorption bases, and finely dispersed solids (sec e.g., Aunsel's
Pharmaceutical Dosage Forms and Drug Delivery Systems, Allen, LV, Popovich NG, and
Ansel HC,, 2004, Lippincott Williams & Wilkins (&h ed.), New York, NY; Idson, in
Pharmaceutical Dosage Forms, Licherman, Rieger and Banker (Eds.), 1988, Marcel Dekker,

Inc., New York, N.Y., volume 1, p. 199},

(43
<

Syuthetic surfactants, also known as surface active agents, have found wide
applicability in the formulation of emulsions and have been reviewed in the hiterature {sce

e.g., Ansel's Pharmaceutical Dosage Forms and Drug Delivery Systems, Allen, LV,

ol

o
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Popovich NG, and Ansel HC., 2004, Lippincott Williams & Wilkins (8th ed.), New York,
NY; Ricger, in Pharmaceutical Dosage Forms, Licherman, Ricger and Banker (Eds.), 1988,
Marcel Dekker, Inc., New York, N.Y ., volume 1, p. 285; Idson, in Pharmaceutical Dosage

Forms, Licberman, Rieger and Banker (Eds.), Marcel Dekker, Inc., New York, NY., 1988,

(]

volume 1, p. 199). Surfactants are typically amphiphilic and comprise a hydrophilic and a
hydrophobic portion. The ratic of the hydrophilic to the hydrophobic nature of the surfactant
has been termed the hydrophile/lipophile balance (HLB) and is a valuable tool in categorizing
and sclecting surfactants in the preparation of formuilations. Surfactants can be classified into
different classes based on the nature of the hydrophilic group: nonionic, anionic, cationic and
10 amphoteric (sce e.g., Anscl's Pharmaceutical Dosage Forms and Drug Delivery Systoms,
Allen, LV, Popovich NG, and Ansel HC., 2004, Lippincott Williams & Wilkins (8th ed.),
New York, NY Rieger, in Pharmaceutical Dosage Forms, Licberman, Rieger and Banker

(Eds.}, 1988, Marcel Dekker, Inc., New York, N.Y., volume 1, p. 285).

Naturally occurring emulsifiers used in emulsion formudations inchude lanolin,

15 besswax, phosphatides, lecithin and acacia. Absorption bases possess hydrophilic properties
such that they can soak up water to form w/o cowalsions yet retain their semiselid
consistencies, such as anhydrous lanohin and hydrophilic petrolatum. Fmely divided solids
have also been used as good emulsifiers especially in combination with surfactants and in
viscous preparations. These include polar inorganic solids, such as heavy metal hydroxides,

20 nonswelling clays such as bentonite, attapulgite, hectorite, kaolin, montmorilionite, colloidal
aluminum silicate and colloidal magnesium alunminum silicate, pigments and nonpolar sohds

such as carbon or glyceryl tristearate.

A large varicty of non-emulsifying materials are also included in emulsion

formmgdations and contribute to the properties of emulsions. These include fats, oils, waxes,

25 fatty acids, fatty alcohols, fatty esters, humectants, hydrophilic colloids, preservatives and
antioxidants (Block, in Pharmaceutical Dosage Forms, Licherman, Rieger and Banker (Eds.),
1988, Marcel Dekker, Inc., New York, N.Y., volume 1, p. 338, Idson, in Pharmaceutical
Dosage Forms, Licherman, Rieger and Banker (Eds.), 1988, Marcel Dekker, Inc., New York,
N.Y., volume 1, p. 199},

36 Hydrophilic colloids or hydrocolloids include naturally occurring gums and synthetic

polymers such as polysaccharides (for example, acacia, agar, alginic acid, carrageenan, guar
gura, karaya gum, and tragacanth), ccllulose denvatives (for exanple,

carboxymethyleelhilose and carboxypropyleellulose), and synthetic polymers (for example,

31
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carbomers, cellulose ethers, and carboxyvinyl polymers). These disperse or swell in water to
form colloidal solutions that stabilize enmilsions by forming strong interfacial films around

the dispersed-phase droplets and by increasing the viscosity of the external phase.

Since emulsions often contain a mumber of ingredients sach as carbohydrates,
profeins, sterols and phosphatides that can readily support the growth of microbes, these
formulations often incorporate preservatives. Commondy used preservatives inchided in
emulsion formulations inchide methyl paraben, propyl paraben, quaternary ammonian salts,
benzalkoniom chioride, esters of p-hydroxybenzoic acid, and boric acid. Antioxidants arc
also commonly added to emulsion formulations to prevent deterioration of the formulation.
Antioxidants used can be free radical scavengers such as tocopherols, alkyl gallates, butylated
hydroxyanisole, butylated hydroxytoluene, or reducing agents soch as ascorbic acid and

sodium metabisulfite, and antioxidant synergists such as citric acid, tartaric acid, and lecithin.

The application of emulsion formulations via dermatological, oral and parenteral
routes and metheds for their manufacture have been reviewed in the literature (sec e.g.,
Ansel's Pharmaceutical Dosage Forms and Drug Delivery Systems, Allen, LY., Popovich
NG, and Ansel HC,, 2004, Lippincott Withams & Wilkins (8th ed.), New York, NY; Idson,
1 Pharmaceutical Dosage Forms, Licberman, Rieger and Banker (Eds.}, 1988, Marcel
Diekker, Inc., New York, N.Y., volume 1, p. 199). Emulsion formulations for oral delivery
have been very widely used because of case of formulation, as well as efficacy from an
absorption and bicavailability standpoint (see e.g., Ansel's Pharmaceutical Dosage Forms and
Drog Delivery Systems, Allen, LV, Popovich NG, and Ansel HC., 2004, Lippincotit
Williaras & Wilkins (8th ed.), New York, NY; Rosoff, in Pharmaceutical Dosage Forms,
Licberman, Rieger and Banker (BEds.), 1988, Marcel Dekker, Ine., New York, N.Y., volume
1, p. 245; Idson, in Pharmaceutical Dosage Forms, Licherman, Rieger and Banker (Eds.),
1948, Marce! Dekker, Inc., New York, N.Y., volume 1, p. 199). Mingral-oil basc laxatives,
oil-soluble vitamins and high fat nutritive preparations arc among the materials that bave

commonly been administered orally as o/w emulsions.

1. Microemulsions

In one embodiment of the present invention, the compostiions of IRNAs and nucleic
acids are formuilated as microenmuilsions. A microenulsion can be defined as a system of
water, o1l and amphiphile which is a single optically isotropic and thermodynamically stable
Hiquid sohution (see e.g., Ansel's Pharmaceutical Dosage Forms and Drug Delivery Systoms,

Allen, LV, Popovich NG., and Ansel HC., 2004, Lippincott Williams & Wilkins (8thed.},

0
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New York, NY; Rosoff, in Pharmaceutical Dosage Forms, Licberman, Rieger and Banker
{Eds.}, 1988, Marcel Dekker, Inc., New York, N.Y., volume 1, p. 243). Typically
microcmulsions are systems that are propared by first dispersing an oil in an aqueous
surfactant solution and then adding a sufficient amount of a fourth component, gencrally an
mtermediate chain-length alcohol to form a transparent system. Therefore, microemulsions
have also been described as thermodynamically stable, isotropically clear dispersions of two
mmiscible hiquids that are stabilized by tuterfacial flms of surface-active molecules (Leung
and Shah, i Controlled Release of Drugs: Polymers and Aggregate Systems, Rosoff, M.,
Ed., 1949, VCH Publishers, New York, pages 185-215). Microemulsions commonly are
prepared via a combination of three to five components that include oil, water, surfactant,
cosurfactant and electrolyte. Whether the microemulsion is of the water-in-oil (w/o} or an oil-
m-water {o/w) type is dependent on the properties of the oil and serfactant used and on the
structure and geometric packing of the polar heads and hydrocarbon tails of the surfactant
molecules (Schett, in Remington's Pharmaceutical Sciences, Mack Publishing Co., Easton,

Pa., 1985, p. 271).

The phenomenological approach utilizing phase diagrams has becn extensively
studied and has vielded a comprehensive knowledge, to one skilled in the art, of how to
formulate micrcemulsions (sec e.g., Ansel's Pharmaceutical Dosage Forms and Drug
Delivery Systems, Allen, LV, Popovich NG., and Aunsel HC., 2004, Lippincott Williams &
Wilkins (8th ed.}, New York, NY; Rosoff, in Pharmaceutical Dosage Forms, Licberman,
Rieger and Banker (Eds)), 1938, Marcel Dekker, Inc., New York, N.Y., volume 1, p. 245;
Block, in Pharmaceutical Dosage Forms, Lieberman, Rieger and Banker (Eds.}, 1988, Marcel
Dekker, Inc., New York, N.Y., volume 1, p. 335). Compared to conventional emulsions,
microenuilsions offer the advantage of solubilizing water-insoluble drugs in a fornmlation of

thermodynamically stable droplets that are formed spontancously.

Surfactants used in the preparation of microcmulsions include, but are not limtted to,
ionic surfactants, non-ionic surfactants, Brij 96, polyoxyethvlene oleyi ethers, polyglycerol
fatty acid esters, tetraglycerol monolaurate (ML310), tetraglycerol monooleate (MO310),
hexaglycerel monooleate (PO310), hexaglycero! pentaoleate {(PO300), decaglycerol
monocaprate {MCA750), decaglycerol monooleate (MQ750}, decaglycerol sequioleate
(5QG750, decaglycerol decacleate (DAQTSY), alone or in combination with cosurfactants,
The cosurfactant, usually a short-chain alcohol such as cthanol, 1-propanocl, and 1-butanc],

serves 1o increase the interfacial fluidity by penctrating into the surfactant filoy and

ol
)
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consequently creating a disordered film because of the void space generated among suxrfactant
molecules. Microcmulsions can, however, be prepared without the use of cosurfactants and
alcohol-tfree self~enulstfying microenwlsion systems are known in the art. The aqueous
phase can typically be, but is not hmited to, water, an aqueous solution of the drug, glveerol,
PEG300, PEG400, polyglyeerols, propylene glycols, and derivatives of ethylene glycol The
oil phase can include, but is not limited to, materials such as Captex 300, Captex 355,

Capmud MCM, fatty acid esters, medium chain (C2-C12}) mono, di, and tri-glycerides,
polyoxyethylated glyceryl fatty acid esters, fatty alcchols, polyglyeolized glycerides,

saturated polyglycolized C8-C10 glycerides, vegetable oils and silicone oil.

Microenuslsions are particularly of interest from the standpoint of drog solubilization
and the enhanced absorption of drugs. Lipid based microemulsions (both o/w and w/o) have
been proposed io enhance the oral bigavailability of drugs, inchuding peptides (see eg., U.S.
Patent Nos. 6,191,103; 7,063,860, 7,070,802; 7,157,099; Constantinides ef af.,
Pharmaceutical Research, 1994, 11, 1385-1390; Rutschel, Meth. Find, Exp. Clin.
Pharmacol., 1993, 13, 205). Microemulsions afford advantages of improved drug
solubilization, protection of drug from enzymatic hydrolysis, possible enhancement of drug
absorption due to surfactant-induced alterations in membrane fhuidity and permeability, ease
of preparation, ease of oral administration over solid dosage forms, improved clinical
potency, and decreased toxicity (see e.g., U.S. Patent Nos. 6,191,105; 7,863,460; 7,070,802;
7,157,099; Constantinides ef al., Pharmaceutical Research, 1994, 11, 1385; Hoef ¢l., /.
Pharm. Sci., 1996, 85, 138-143). Often microemulsions can form spontancously when their
components are brought together at ambient temperature. This can be particudarly
advantageous when formulating thermolabile drugs, peptides or iIRNAs. Microenmlsions
have also been effective in the transdermal delivery of active components in both cosmetic
and pharmaceutical applications. It is expected that the microemuision compositions and
formulations of the present invention will facilitate the increased systemic absorption of
HNAs and nucleic acids frora the gastromtestinal tract, as well as improve the local cellular

aptake of IRNAs and nucleic acids.

Microcnulsions of the present invention can also contain additional components and
additives such as sorbitan monostearate (Grill 3), Labrasol, and penetration enbancers to
mprove the properties of the formulation and to enhance the absorption of the iRNAs and
nucleic acids of the present invention, Penetration enhancers used in the microemulsions of

the present invention can be classified as belonging to one of five broad categories--
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surfactants, fatty acids, bile salts, chelating agents, and non-chelating non-surfactants (Lee ¢
al., Critical Reviews in Therapeutic Drug Carvier Systems, 1991, p. 92). Each of these classes

has been discussed above.

i, Microparticies

An RNAi agent of the invention may be incorporated into a particle, eg., a
microparticle. Microparticles can be produced by spray-drying, but may also be produced by
other methods inchuding Ivophilization, evaporation, fluid bed drying, vacum drying, or a

combination of these techniques.

iv. Penetration Enhancers

In one embodiment, the present invention employs various penetration enhancers 1o
effect the efficient delivery of nucieie acids, particularly iRNAs, to the skin of animals. Most
drugs are present in sclution in both ionized and nonionized forms. However, usually only
ipid seluble or Hpophilic drugs readily cross cell membranes. It has been discovered that
even non-lipophilic drugs can cross cell membranes if the membrane to be crossed s freated
with  penetration enhancer. In addition to aiding the diffusion of non-lipophilic drugs across

cell membranes, penctration cnhancers also enhance the permeability of lipophilic drugs.

Penetration enhancers can be classified as belonging to one of five broad categories,
i.e., surfactants, fatty acids, bile salts, chelating ageunts, and non-chelating non-surfactants
(sce e.g., Malmsten, M. Surfactants and polymers in drug delivery, foforma Health Care,
New York, NY, 2002; Lee e o/, Critical Reviews tn Therapeatic Drug Carrier Systems,
1991, p.92). Each of the above mentioned classes of penctration enhancers are described

below in greater detail.

Surfactants {or "surface-active agents”) are chemical entities which, when dissolved in
an aqueous solation, reduce the surface tension of the solution or the interfacial tension
hetween the agqueons solution and another iquid, with the result that absorption of IRNAs
through the mucosa is enhanced. In addition to bile salts and fatty acids, these penctration
enthancers include, for example, sodium lawryi sulbfate, polyoxyethyiene-9-laury] ether and
polyoxyethylene-20-cetyl cther) (sce e.g., Malmsten, M. Surfactants and polymers in drug
delivery, Informa Health Care, New York, NY, 2002; Lee ef ¢f., Critical Reviews in
Therapeutic Drug Carrier Systems, 1991, 1.92); and perfluorochemical emuldsions, such as

FC-43, Takahashi ef ¢l., J. Pharm. Pharmacol., 1988, 40, 2523,

0
e
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Various fatty acids and their derivatives which act as penctration enhancers inchude,
for example, oleic acid, lauric acid, capric acid (n-decanvic acid), myristic acid, paimitic acid,
stearic acid, lnoleic acid, linolenic acid, dicaprate, tricaprate, monoolein (1-monooleoyl-rac-

glycerol), dilavrin, capryvlic acid, arachidonic acid, glycerol l-monocaprate, 1-

(]

dodecylazacycloheptan-2-one, acylcarnitines, acyvichelines, Cipo alkyl esters thereof (e.g.,
methyl, isopropyl and -butyl), and mono- and di-glycerides thereof (i.e., oleate, laurate,
caprate, myristate, palmitate, stearate, Hunoleate, efc.) (sec e.g., Touitou, B, ef ¢l
Enhancement in Drug Delivery, CRC Press, Danvers, MA, 2006; Les ef o/, Critical Reviews
in Therapeoutic Drug Carrier Systems, 1991, p.92; Muranishi, Critical Reviews in Therapeutic
10 Drug Carrier Systems, 1990, 7, 1-33; El Harivi ef «l., J. Pharm. Pharmacol., 1992, 44, 651-

654).

The physiclogical role of bile includes the facilitation of dispersion and absorption of
fipids and fat-soluble vitamins {scc e.g., Malmsten, M. Surfactants and polvimers in drug
delivery, Informa Health Care, New York, NY, 2002; Brunton, Chapter 38 in: Goodman &

15 Gilman's The Pharmacclogical Basis of Therapeutics, 9th Ed., Hardman er o/, Eds., McGraw-
Hill, New York, 1996, pp. 934-935}. Various natural bile salts, and their syothetic
derivatives, act as penetration enhancers. Thus the term "bile salts” includes any of the
naturally occurring components of bile as well as any of their synthetic derivatives. Suitable
bile salts inchude, for example, chofic acid (or iis pharmaceutically acceptable sodium salt,

20 sodium cholate), dehydrocholic acid {sodium dehydrocholate}, deoxycholic acid (sodium
deoxycholate), gluchohic acid (sodivm glucholate), glveholic acid (sodium glycocholate),
glycodeoxycholic acid (sodimm glycodeoxycholate), taurocholic acid (sodivm tawrocholate),
taurodeoxycholic acid (sodium taurodeoxycholate), chenodeoxycholic acid (sodium
chenodeoxycholate), ursodeoxycholic acid (UDCA), sodium tauro-24,25-dihydro-fusidate

25 (STDHF), sodium glycodihydrofusidate and polyoxyethylene-9-lacry! ether (POE) (see e.g,

Malmsten, M. Surfactants and polymers in drug delivery, Informa Health Care, New York,

NY, 2002; Lee ef af., Critical Reviews in Therapeutic Drug Carrier Systems, 1991, page 92;

Swinyard, Chapter 39 In: Remington's Pharmaceutical Sciences, 18th Ed., Genmaro, ed.,

Mack Publishing Co., Easton, Pa., 1990, pages 782-783; Muranishi, Critical Reviews in

Therapeutic Drug Carrier Systems, 1990, 7, 1-33; Yamamoto ef ¢f., J. Pharm. Exp. Ther.,

1992, 263, 25; Yamashita et af., J. Pharm. Sci., 1990, 79, 579-583).

(43
<

Chelating agents, as used in connection with the present invention, can be defined as

compounds that remove metallic ons from solution by forming complexcs therewith, with
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the result that absorption of iRNAs through the mucosa is ephanced. With regards to their use
as peneiration enhancers in the present invention, chelating agents have the added advantage
of also serving as DNase inhibitors, as most characterized DNA nucleases require a divalent
metal jon for catalysis and arc thus inhibited by chelating agents (Jarrett, J. Chromatogr.,
1993, 618, 315-339). Suitable chelating agents mclude but ave not limited to disodim
cthylenediaminetetraacetate (EDTA), citric acid, salicylates {e.g., sodiuom salicylate, 5-
methoxysalicylate and homovanilate}, N-acy] derivatives of collagen, laureth-9 and N-amino
acyl derivatives of beta-diketones (enamines){sece e.g., Katdare, A. ef o/, Excipient
development for pharmaceutical, biotechnology, and drug delivery, CRC Press, Danvers,
MA, 2006; Lee et al., Critical Reviews in Therapeutic Drug Carrier Systers, 1991, page 92;
Muranishi, Critical Reviews in Therapeutic Drug Carrier Systems, 1990, 7, 1-33; Buour ef o/,

J. Control Rei,, 1990, 14, 43-51).

As used herein, non-chelating non-surfactant penctration enhancing compounds can
be defined as compounds that demonstrate insignificant activity as chelating agents or as
surfactants but that nonetheless enhance absorption of iIRNAs through the alimentary mucosa
{sce e.g., Muranishi, Critical Reviews i Therapeutic Drug Carder Systems, 1990, 7, 1-33}.
This class of penetration enhancers includes, for example, unsaturated cyclic ureas, [-alkvi-
and 1-alkenylazacyclo-alkanone derivatives (Lee ef al., Critical Reviews in Therapeutic Drag
Carrier Systems, 1991, page 92); and non-stercidal anti-inflammatory agents such as
diciofenac sodium, indomethacin and pheoylbutazone (Yamashita ef al, 1 Pharm.

Pharmacol., 1987, 39, 621-626).

Agents that enhance uptake of IRNAs at the cellular level can also be added to the
pharmaceutical and other compositions of the present invention. For example, cationic lipids,
such as lipofectin (Jonichi er of, U.S. Pat. No. 5,705,188}, cationic glycerol derivatives, and
polycationic molecules, such as polylysine (Lollo er of., PCT Application WO 97/30731), arc
also known to enhance the cellular uptake of dsRNAs. Examples of convnercially available
transtection reagents include, for example Lipofectamine™ (Jnvitrogen; Carlsbad, CA),
Lipofectamineg 2000™ (Invitrogen; Carlsbad, CA}, 293fectin™ (Invitrogen; Carlsbad, CA),
Cellfectin™ (Invitrogen; Carishad, CA), DMRIE-C™ {Invitrogen; Carlsbad, CA),
FreeStyle™ MAX (Invitrogen; Carlsbad, CA), Lipofectamine™ 2000 CD (Invitrogen;
Carlshad, CA), Lipofectamine™ (Invitrogen; Carlshad, CA}), RNAIMAX (Invitrogen;
Carlshad, CA}, Gligofectaming™ (Tnvitrogen; Carlsbad, CA), Optifect™ (Invitrogen;

Carlshad, CA), X-tremneGENE Q2 Transfection Reagent (Roche; Grenzacherstrasse,

0
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Switzerland), DOTAP Liposomal Transfection Reagent (Grenzacherstrasse, Switzerland),
DOSPER Liposomal Transfection Reagent (Grenzacherstrasse, Switzerfand), or Fugene
{Grenzachersirasse, Switzerland), Transfoctam® Reagent (Promega; Madison, W1,

TransFast™ Transfection Reagent (Promega; Madison, W1, TH™-20 Reagent (Promega;

(]

Madison, W1}, T&™.50 Reagent (Promega; Madison, W1}, DreamFect™ (07 Bigsciences;
Marseille, France}, EcoTransfect {OZ Biosciences; Marseille, France), TrangPags® Bl
Transteetion Reagent (New England Biolabs; Ipswich, MA, USA), LyoVec™/LipoGen™
{Invitrogen; San Diego, CA, USA}, PerFectin Transfection Reagent (Genlantis; San Diego,
CA, USA), NeuroPORTER Transfection Reagent {Genlantis; San Dicgo, CA, USA),

10 GerePORTER Transfection reagent (Genlantis; San Dicgo, CA, USA), GenePORTER 2
Transfection reagent {Genlantis; San Diego, CA, USA), Cytofectin Transfection Reagent
(Genlantis; San Erege, CA, USA), BaculgPORTER Transfection Reagent { Genlantis; San
Drego, CA, USA), TroganPORTER™ wransfeoction Reagent (Genlantis; San Diego, CA, USA
3, RiboFect (Biolineg; Taurdon, MA, USA), PlasFect (Bioline; Taunton, MA, USA},

15 UniFECTOR (B-Bridge International; Mountain View, CA, USA), SureFECTOR (B-Bridge

International; Mountain View, CA, USA}, or HiFect™ (B-Bridge International, Mountain

View, CA, USA}, among others.

Other agents can be utilized to enhance the penetration of the admmistered nucleic
acids, including glyeols such as ethylenc glveol and propylene glycol, pyrrols such as 2-

20 pyrrol, azones, and terpenes such as Hmoneoe and menthone.

v, Carriers
Certain compositions of the present invention also incorporate carrier compounds in
the formulation. As used herein, “carrier compound” or “carrier” can refer to a nucleic acid,

or analog thereot, which is inert (7.e., does not possess biological activity per se) but is

b
N

recognized as a nucleic acid by in vive processes that reduce the bicavailability of a nucleic
acid having biological activity by, for example, degrading the biologically active nucleic acid
or promoting its removal from circulation. The coadministration of a nucleic acidand a
carrier compound, typically with an excess of the latter substance, can result in a substantial
reduction of the amount of nucleic acid recovered in the liver, kidney or other

30 extracirculatory roservoirs, presumably due to competition between the carrier compound and
the nucleie acid for a common receptor. For example, the recovery of a partially
phosphorothioate dSRNA in hepatic tissue can be reduced when it is coadministered with

polyinosinic acid, dextran sulfate, polyeytidic acid or 4-acetamido-4'isothiocyano-stilbene-

o)
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2,2'-disulfonic acid (Miyao ef af., DsRNA Res. Dev,, 1995, 5, 115-121; Takakura et af.,

DsRNA & Nuch Acid Drug Bev,, 1996, 6, 177-183,

Vi, fxcipienis

In contrast to a carrier compound, a “pharmaceutical carrier” or “excipient” is a
pharmaccutically acceptable solvent, suspending agent or any other pharmacologically inert
vehicle for delivering one or more nucleic acids to an animal. The excipient can be higuid or
solid and is selected, with the planned manner of administration in mind, so as to provide for
the desired bulk, consistency, efc., when combined with a nucleic acid and the other
components of a given pharmaceutical composition. Typical pharmaccoutical carriers include,
but are not limited to, binding agents {e.g., pregelatinized maize starch, polyvinyipyrrolidone
or hydroxypropy! methyleelhilose, efc.); fillers (e.g., lactose and other sugars,
microcrystaliing cellulose, pectin, gelatin, calcium sulfate, ethyi cellulose, polvacrylates or
calciom hydrogen phosphate, ete.); lubricanis (e g., magnesium stearate, tale, silica, colloidal
silicon dipxide, stearic acid, metaliic stearates, hyvdrogenated vegetable oils, com starch,
polyethylene glycols, sedium benzoate, sodium acetate, efc.); disintegrants {e.g., starch,

sodiom starch glycolate, efc.); and wetting agents {e.g., sodium lauryl sulphate, efc).

Pharmaceutically acceptable organic or morganic excipients suitable for non-
parenteral administration which do not deleteriously react with nucleic acids can also be ased
te formulate the compositions of the present invendion. Suitable pharmaceutically acceptable
carriers inchide, but are not limited to, water, salt solutions, alcohols, polvethvlene glyeols,
gelatin, lactose, amylose, magnesium stearate, tale, silicic acid, viscous paraffin,

hydroxymethyleelluiose, polyvinylpyrrolidone and the like.

Fornuslations for topical administration of mucleic acids can include sterile and non-
sterile aqueous solutions, non-agueouns solutions in conmmon solvents such as alcohols, or
soluations of the nucleic acids in iquid or solid oil bases. The solutions can also contain
bufters, diluents and other suitable additives. Pharmaceutically acceptable organic or
morganic excipients suitable for non-parenteral administration which do not deleteriously
react with nucleic acids can be used.

Suitable pharmaceutically acceptable excipients include, but are not Hnuted to, water,
salt splations, alcehol, polyethylene glycols, gelatin, lactose, amylose, magnesiom stearate,

talc, silicic acid, viscous paraffin, bydroxymethylceilulose, polyvinylpyrrolidone and the like.

o)
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vii. Other Components

The compositions of the present invention can additionally contain other adiunct
componenis conventionally found in pharmaceutical comapostiions, at their art-established
usage tevels. Thus, for example, the compositions can contain additional, compatible,
pharmaceutically-active materials such as, for example, antiproritics, astringents, local
anesthetics or anti-inflammatory agents, or can contain additional materials useful in
physically formulating various dosage forms of the compositions of the present invention,
such as dves, flavoring agents, preservatives, antioxidants, opacifiers, thickening agents and
stabilizers. However, such matertals, when added, should not unduly toterfere with the
biclogical activities of the components of the compositions of the present invention. The
formulations can be sterilized and, if desived, mixed with auxiliary agents, e.g., lubricants,
preservatives, stabilizers, wetting agents, emulsifiers, salts for influencing osmotic pressure,
buffers, colorings, flaverings and/or aromatic substances and the like which do not

deleteriously interact with the nucleic acid(s) of the formwlation.

Aqueous suspensions can contain sobstances which increase the viscosity of the
suspension inchiding, for example, sodium carboxymethylcelhulose, sorbitol and/or dextran,

The suspension can also contain stabilizers.

In some embodiments, pharmaceutical compositions featured in the invention inchude
{a} one or more IRNA compeunds and (b) one or more agents which function by a non-RNAJ

mechanism and which are useful in freating, e.g., PHL
Testing of compositions

Toxicity and therapeutic efficacy of such compounds can be determined by standard
pharmaceutical procedures in cell cultures or experimental animals, e.g., for determining the
LD350 (the dose ethal to 50% of the population) and the EDS0 {the dosc therapeutically
effective in 50% of the population). The dose ratio between toxic and therapeutic ctfects is
the therapeutic index and it can be expressed as the ratio LDSU/EDS). Compounds that

exhibit high therapeutic indices are preferred.

The data obtained from cell culture assays and animal studies can be used in
formulating a range of dosage for use in humans. The dosage of compositions featured
herein in the invention lies generally within a range of circulating concentrations that inclade
the EDS0 with hittle or no toxicity. The dosage can vary within this range depending upon

the dosage form employed and the route of administration utilized. For any compounnd used

96



(]

16

ot
o

WO 2016/057893 PCT/US2015/054881

in the methods featured in the invention, the therapeutically effective dose can be estimated
mitially from cell culture assays. A dose can be formulated in animal models to achicve a
circulating plasma concentration range of the compoeund or, when appropriate, of the
polypeptide product of a target sequence (e.g., achieving a decreased concentration of the
polypeptide) that includes the ICse (i.e., the concentration of the test compound which
achicves a half-maximal inhibition of symptoms) as determined in cell culture. Such
mformation can be used to more accurately determine useful doses in bumans. Levels in

plasma can be measured, for example, by high performance hiquid chromatography.

In addition to their adnunistration, as discussed above, the iRNAs featured in the
mvention can be adnunistered in combination with other known agents effective in treatment
ot pathological processes that are mediated by iron overload and that can be treated by
nhibiting HAGT expression. In any event, the administering physician can adjust the amount
and timing of (RN A administration on the basis of results observed using standard measures

of efficacy known in the art or described herein.
V. Methods For Inbibiting HAOT Expression

The present invention provides methods of inhibiting expression of HAQ!
{hydroxyacid oxidase 1) in a cell. The methods include contacting a cell with an RNA1 agent,
e.g., a double stranded RNAJ agent, 1n an amount effective to inhibit expression of the HAO!

m the cell, thereby inhibiting expression of the HAGT in the cell.

Contacting of a cell with a double stranded RN A1 agent may be done in vitre or in
vivo. Contacting a cell in vivo with the RN A1 agent includes contacting a cell or group of
cells within a subject, e z., a human subject, with the RNAi1 agent. Combinations of in vitro
and in vive methods of contacting are also possible. Contacting may be direct or indirect, as
discussed above. Furthermore, contacting 2 cell may be accomplished via a targeting ligand,
meluding any Hgand described herein or known in the art. In some embodiments, the
targeting ligand is a carbohydrate moiety, e.g., 8 GalNAc; ligand, or any other Hgand that
directs the RNAi agent to a site of interest, e.g., the Hver of a subject.

The term “inhibiting,” as used herein, 1s used mterchangeably with “reducing,”

“silencing,” “downregulating” and other similar terms, and includes any level of inhibition.
The phrase “inhibiting cxpression of a HAO1” s intended to refer to inhibition of

expression of any HAQG!T gene (such as, e.g., a moose HAD! gene, a rat HAO! gene, a

monkey HAQGI gene, or a human HAGT genc} as well as variants or mtants of a HAQG!
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gene. Thus, the HADT gene may be a wild-type HACT gene, a mutant HAO!T gene, ora
ransgenic HAOT gene in the context of a genctically manipulated ccll, group of celis, or

OTganism.

“Inhibiting expression of a HAC! gene” includes any level of inhibition of s HAGI
gene, e.g., at least partial suppression of the expression of a HAOT gene. The expression of
the HAGT gene may be assessed based on the level, or the change m the level, of any variable
associated with HAGT gene expression, e.g., HAOT mRNA level, HAQO! protein level. This
level may be assessed in an individual cell or in 8 group of cells, including, for example,

sample derived from a subject.

Inhibition may be assessed by a decrease in an absohute or relative level of one or
more variables that are associated with HAOT expression compared with a control fevel. The
control level may be any type of control level that is utilized n the art, e.g., a pre-dose
baseline level, or a level determined from a similar sabject, cell, or sample that is antreated or

reated with a control (such as, e.g., buffer only control or inactive agent conirol).

I some embodiments of the methods of the mvention, expression of a HAQ! gene is
inhibited by at least about 5%, at least about 10%, at least about 15%, at least about 20%, at
icast about 25%, at feast about 30%, at least about 35%, at least about 409, at least about
45%, at feast about 50%, at least about 55%, at least about 60%, at least about 63%, at lgast
about 7%, at least about 75%, at least about 80%, at least about 85%, at least about 90%, at
icast about 91%, at least abouot 92%, at least about 93%, at least about 949. at least about

05%, at lcast about 96%, at lcast about 97%, at least about 989%, or at least about 99%.

Inhibition of the expression of 8 HAC!T gene may be manifested by a reduction of the
amount of mRNA expressed by e first cell or group of cells (such cells may be present, for
example, in a sample derived from a subject) i which a HAO1 gene is transcribed and which
has or have been treated (e.g., by contacting the cell or cells with an RNA{ agent of the
imvention, or by administering an RNA{ agent of the invention to a subject in which the cells
are or were present) such that the expression of 2 HAGT gene is inhibited, as compared to a
second cell or group of cells substantially identical to the first cell or group of cells but which
has not or have not been so treated {control cell(s)). In some cmbodiments, the inhibition is
assessed by expressing the level of mRNA 1o treated cefls as a percentage of the level of

mENA i countrol cells, using the following formula:
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{mRNAin controlcells) - (mRNA in treated celis) . 100%
]
{mRNAin controlcells)

Alternatively, inlubition of the expression of a HAG! gene may be assessed m terms
of a reduction of a parameter that is fimctionally hinked to HAGT gene expression, e.g.,
HAQO] protein expression. HAO1 gene silencing may be determined in any cell expressing
HAOQI1, either constitutively or by genomiic engineering, and by any assay known in the art.
The liver is the major site of HAQGT expression. Other significant sites of expression include

the kidneys and the wierus.

Inhibition of the expression of a HAOT protein may be manifested by a reduction in
the fevel of the HAQGT protein that is expressed by a cell or group of cells {e.g., the lovel of
protein expressed in a sample derived from a subject). As explained above for the assessment
of mRINA suppression, the inhibition of protein expression levels in a treated cell or group of
cells may similarly be expressed as a percentage of the level of protein in a control cell or

group of celis,

A control cell or group of cells that may be used to assess the inhibition of the
expression of a HAO! gene inchudes a cell or group of cells that has not yet been contacted
with an RNAI agent of the invention. For example, the control cell or group of cells may be
derived from an individual subjcct {e.g., a human or antmal subject} prior to treatiment of the

subject with an RNA1 agent.

The level of HAOT mRNA that is expressed by a cell or group of cells may be
determined using any method known in the art for assessing mRNA expression. none
embodiment, the level of expression of HAOT in a sample is determined by detecting a
ranscribed polynucleotide, or portion thereof, e.g, mRNA of the HAO1 gene. RNA may be
extracted from celis using RNA extraction techniques focluding, for example, using acid
phenol/guanidine isothiocyanate extraction (RNAzol B; Biogenesis), RNeasy RNA
preparation kits (Qlagen) or PAXgene (PreAnalytix, Switzerland). Typical assay formats
wtilizing ribonucleic acid hybridization include nuclear run-on assays, RT-PCR, RNase
protection assays (Melton ef al., Nuc. Acids Res. 12:7035), Northern blotting, i sifu
hybridization, and microarray analysis,

In one embodiment, the level of expression of HAOT is determined using a nucleic
acid probe. The term "probe”, as used hercin, refers to any molecule that is capable of

selectively binding to a specific HAQ!, Probes can be synthesized by one of skill in the art,
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or derived from appropriate biological preparations. Probes may be specifically designed to
be labeled. Examples of molecules that can be utilized as probes include, but are not Hmited

to, RNA, DNA, proteiuns, antibodies, and organic molecules.

Isolated mRNA can be used in hybridization or amplification assays that include, but
arc not limited to, Southern or Northern analyses, polymerase chain reaction (PCR) analyses
and probe arrays. One method for the determination of mRNA levels involves contacting the
isolated mRNA with a nucleic acid molecule {probe} that can hybridize to HAQT mRNA. In
ong embodiment, the mRNA is immobilized on a solid surface and contacted with a probe,
for cxample by running the isclated mRNA on an agarose gel and transforring the mRNA
from the gel to a membrane, such as nitrocellulose. In an alternative embodiment, the
probe(s) are tmmobilized on a solid surface and the mRNA is contacted with the probe(s), for
example, in an Affymeirix gene chip array. A skilled artisan can readily adapt known mRNA

detection methods for use in determining the level of HAOT mENA.

An slternative method for determining the fovel of cxpression of HAO! in 3 sampie
mvolves the process of nucleic acid amplification and/or reverse transcriptase {te prepare
cDNA) of for example mRNA in the sample, ez, by RT-PCR (the experimental embodiment
set forth in Mullis, 1987, U.S. Pat. No. 4,683,202), Ligase chain reaction (Barany {1991} Prec.
Natl Acad. Sci. US4 88:189-193), self-sustained sequence replication (Guatelhi et al. (1990}
Froc. Natl dcad. Sci. USA 87:1874-1478), transcriptional anmplification systera (Kwoh et al.
{1989) Proc. Natl Acad. Sci. US4 86:1173-1177), (-Beta Replicase (Livardi ef ¢/, (1988)
Bio/Technology 6:1197), rolling circic replication {Lizardi et al., U.5. Pai. No. 5,854,033) or
any other nucleic acid aroplification method, followed by the detection of the amplified
molecules using techmiques well known to those of skill in the art. These detection schemes
are cspecially useful for the detection of nucleic acid molecules if such molecales are present
in very low nombers. In particular aspects of the invention, the level of expression of HAGH

is determined by quantitative fluorogenic RT-PCR (i.e., the TagMan'™ Systen).

The expression levels of HAOT mRNA may be monitored using a membrane blot
{such as used in hybridization analysis such ag Northern, Southern, dot, and the hike), or
microwells, sample tubes, gels, beads or fibers (or any solid support comprising bound
nucleic acids). See U.S. Pat. Nos. 5,770,722, 5,874,219, 5,744,305, 5,677,195 and 5,445,934,
which are ncorporated herein by reference. The determination of HAGT expression level

may also comprise using nucleic acid probes in solution.
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In some cmbodiments, the level of mRNA expression 1s assessed using branched
DNA (bDNA) assays or real time PCR (gPCR). The use of these methods is described and

exemplified in the Examples presented herein.

The level of HAO!T protein expression may be determined osing any method known
in the art for the measurement of protein levels. Such methods include, for example,
electrophoresis, captllary electrophoresis, high performance Hguid chvomatography (HPLC),
thin layer chromatography {(TLC), hyperdiffusion chromatography, thiid or gel precipitin
reactions, absorption spectroscopy, a colorimeiric assays, spectrophotometric assays, flow
cytometry, immunoditfusion (single or double), tonumnoelectrophoresis, Western blotting,
radioimmunoassay (RIA}, enzyme-linked immumosorbent assays (ELISAs),
mmmunofioorescent assays, clectrochemiluminescence assays, and the like.

The term “sample” as used herein refers to a collection of similar fluids, cells, or
tissues isclated from a subject, as well as thuds, cells, or tissues present within a subject.
Examples of biclogical fluids inchude blood, serum and serosal fluids, plasma, lymph, urine,
cerebrospinal fluid, saliva, ocular fluids, and the like. Tissue sanples may include sampies
from tissues, organs or localized regions. For example, samples may be derived from
particular organs, parts of organs, or fluids or cells within those organs. In certain
embodiments, samples may be derived from the liver (e.g., whole Hver or certain segments of
biver or certain types of cells in the liver, such as, e.g., hepatocyies). In some embodients, a
“sample derived from a subject” refers to blood or plasma drawn from the subject. In further
cmbodiments, 3 “sample derived from a subject” refers to liver tissue derived from the

subject.

In some embodiments of the methods of the invention, the RNA agent is
administered to a subject such that the RNAI agent is delivered to a specific site within the
subject. The inhibition of expression of HAGT may be assessed using measurements of the
level or change in the level of HAGT mRBNA or HAQO! protein in a sample derived from fhnd
or tissue from the specific site within the subject. In some embodiments, the site is the hver.
The sile may also be a subsection or subgroup of cells from any one of the aforementioned

sites. The site may also include cells that cxpress a particular type of receptor.

Vi  Methods for Treating or Preventing a HAO1 Associated Disorder
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The present invention also provides methods for treating or preventing discases and
conditions that can be modulated by HAGT genc expression. For example, the compositions

described herein can be used fo treat any disorder associated with PHIL.

Efficacy of treatment or prevention of disease can be assessed, for example by
measuring disease progression, disease remission, symptom severity, reduction in pain,
quality of life, dose of a medication required to sustain a treatment effect, level of a discase
marker or any other measurable parameter appropriate for a given discase being treated or
targeted for prevention. It is well within the ability of one skilled in the art to monitor
ctficacy of treatrent or prevention by measuring any one of such parameters, ot any

combination of parameters.

A treatment or preventive effect is evident when there is a statistically significant
mmprovement it one or more parameters of discase status, or by a failure to worsen or to
develop symptoms where they would otherwise be anticipated. As an example, a favorable
change of at lcast 10% in a measurable parameter of discase, and preferably at least 2%,
30%, 40%, 50% or more can be indicative of cffective treatment. Efficacy for a given iRNA
drug or formulation of that drug can also be judged using an experimental animal model for
the given discase as known in the art. When using an experimental antmal model, efficacy of
trogtment is evidenced when a statistically significant reduction in a marker or symptom is

observed,

Alterpatively, the efficacy can be measured by a reduction in the severity of discase as
determined by one skilled i the art of diagnosis based on a clinically accepted disease

severity grading scale.

In some embodiments of the methods of the invention, HACT expression is decreased
for an extended duration, e.g., at least one week, two weeks, three weeks, or four weeks or
longer. For example, in certain instances, expression of the HAO! gene 1s suppressed by at
ipast about 5%, 10%, 15%, 20%, 25%, 30%, 35%, 4(%, 45%, 50%, 55%, 60%, 65%, 70%,
5%, 80%, 85%, 20%, 95%, 98%, or 100% by administration of an iRNA agent described
herein. In some embodiments, the HAOT gene is suppressed by at least about 60%, 70%, or
8% by administration of the iRNA agent. In some embodiments, the HAC! gene is
suppressed by at least about 85%, 90%, or 95% by administration of the double-stranded
cligorucleotide. Tn another crobodiment, the HAO1 gene remains suppressed for 7 days, 10

days, 20 days, 30 days, or more following administration.
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Administration

The RNA1 agonts of the invention may be administered to a subjoct using any mode
of admimstration known in the art, including, but not hmited to subcutancous, intravenous,
mtramuscudar, intraccular, intrabronchial, intrapleural, intraperitoneal, intraarterial,
lymphatic, cercbrospinal, and any combinations thereof. In some embodimenis, the agents

arc administered subcutancously.

In some embodiments, the administration is via a depot injection. A depot injection
may release the RNAI agent in a consistent way over a prolonged time period. Thus, a depot
mjcction may reduce the frequency of dosing needed to obtain a desived effect, e.g., a desired
mhibition of HAOI, or a therapeutic or prophylactic effect. A depot injection may also
provide more consistent serum concentrations. Diepot injections may include subcutancous
injections or inframuscular injections. fn some embodiments, the depot injectionis a

subcutancous injection.

In some embodiments, the administration is via s pump. The pumyp may be an
external pump or a surgically implanted pump. In certain embediments, the pump is
subcutaneously implanted osmotic pump. In other embodiments, the pump is an infusion
pump. An infusion pump may be used for intravenous, subcutaneous, arterial, or epidural
nfusions. In some cmbodiments, the infusion pump is a subcutancous nfusion pump. In
other embodiments, the pump is a surgically implanted pump that delivers the RNAi agent to

the liver.

Other modes of administration include epidural, intracercbral, intracercbroventricular,
nasal admimstration, intraarterial, Intracardiac, intracsseous infusion, intrathecal, and
mtravitreal, and pulmonary. The mode of administration may be chosen based upon whether
local or systemic treatmend is desired and based upon the area to be treated. The route and
site of administration may be chosen to enhance targeting.

The method includes administering an iRNA agent, e.g., a dose sufficient o depress
fevels of HAOT mRNA for at least 5, more preferably 7, 10, 14, 21, 25, 30 or 40 days; and
optionally, administering a second single dose of dsRNA, wherein the sccond single dose s
administered at feast 5, more preferably 7, 10, 14, 21, 25, 30 or 40 days afier the first single
dose is administered, thereby inhibiting the cxpression of the HAO1 gene in 2 subject.

In one embodiment, doses of iIRNA agent of the invention are administered not more

than once every four weeks, not more than once every three weeks, not more than once cvery
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two weeks, or not more than once every week. In another embodiment, the administrations
can be maintained for one, two, three, or six months, or one year or longer. In apnother
cembodiment, doses of iIRNA agent of the invention are administered once a week for three

weekas.

In general, the iRNA agent does not activale the inunumne system, e.g., it does not
merease cytokine levels, such as TNF-alpha or IFN-alpha levels. For example, when
measured by an assay, such as an in vitro PBMC assay, such as described herein, the increase
in levels of TNF-alpha or IFN-alpha, is less than 30%, 20%, or 10% of control cells treated
with a control dsRNA, such as a dsRNA that does not target HAO!.

For example, a subject can be administered a therapeutic amount of an iIRNA agent,

i

such as 6.3 mg/kg, 0.5 mg/ke, 1.0 mg/ke, 1.5 mg/kg, 2.0 mg/kg, 2.5 mg/ke, or 3 mg/kg of
dsRNA. The iRNA agerd can be administered by intravenous infusion over a period of time,
such as over a § minute, 10 mimute, 15 mimste, 20 minute, or 25 mimuste period. The
adminisiration is repesated, for cxample, on a regular basis, such as biweekly (i.e., every two
weeks) for one month, two months, three months, four months or longer. Afier an initial
treatment regimen, the treatments can be administered on a less frequent basis. For example,
after administration biweekly for three months, administration can be repeated once per
month, for six months or a year or longer. Administration of the iIRNA agent can reduce
HAQOIT levels, e.g., in a cell, tissue, blood, urine or other compartment of the patient by at
icast 10%, at least 15%, at least 20%, at least 25%, at least 30%, at Icast 40%, at least S0%, at

least 60%, at least 7%, at least 80 % or at least 9(0% or more.

Before administration of a full dose of the iIRNA agent, patients can be administered a
smaller dose, such as a dose resulting in less than 5% infusion reaction, and monitored for
adverse effects, such as an aliergic reaction, or for clevated lipid levels or blood pressure. In
another cxample, the patient can be monitored for vowanied mmunostimulatory eftects, such

as increased cytokine {e.g., TNF-aipha or INF-alpha) levels.

A paticnt in need of a HAO] RNA{ agent may be identified by taking a family
history. A healthcare provider, such as a doctor, nurse, or family member, can take a family
history before preseribing or admimstering a HACT dsRNA. A DNA {est may also be
performed on the patient to identify a mutation in the AGT1 gene, before a HAGT RNAI
agent is administered to the paticnt. Diagoosis of PHI can be confirmed by any test well-

known to one of skill in the art.



(]

16

ot
o

Nl
W

WO 2016/057893 PCT/US2015/054881

A treatment or preventive effect is evident when there s a statistically significant

improvement in one or more paramcters of discase status, or by a failure (o worsen or to
evelop symptoms where they would otherwise be anticipated. As an example, a favorable

change of at least 10% in a measurable parameter of disease, and preferably at least 20%,
30%, 40%, 50% or more can be indicative of effective treatment. Efficacy for a given iRNA
agent of the invention or formmlation of that iIRNA ageut can alse be judged using an
experimental animal model for the given disease as known in the art. When using an
experimental animal model, efficacy of treatment 18 evidenced when a statistically significant

reduction in a marker or sympiom is observed.

The dose of an RNAI agent that is administered to a sabject may be tailored to
balance the risks and benefits of a particular dose, for example, to achieve a desired level of
HAQO1 gene suppression {(as assessed, e.g., based on HAOT mRNA suppression, HAGH
protein expression, or a reduction in exalate levels) or a desired therapeutic or prophylactic

effect, while at the same time avoiding undesirable side etfects.

In some crobodiments, the RNAt agent is administered in two or more doses. It
desired to facilitate repeated or frequent infusions, implantation of a delivery device, g, a
pump, semi-permanent stent (e.g., intravenous, intraperitoneal, intracisternal or
ntracapsular), or reservoir may be advisable. In some embodiments, the number or amount
of subsequent doses s dependent on the achievement of a desired effect, e.g., the suppression
of a HAQ gene, or the achigvement of a therapeutic or prophylactic effect, e.g., reducing
iron overload. In some embodiments, the RNAT agent is administered according to a
schedule. For exanple, the RNAJ agent may be administered once por week, twice per week,
three times per week, four times per week, or five fimes per week. In some embodiments, the
schedule mvolves regularly spaced administrations, e.g., hourly, every four howrs, every six
hours, every eight hours, every twelve hours, daily, every 2 days, every 3 days, every 4 days,
every 5 days, weekly, biweekly, or monthly. Tn other embodiments, the schedule involves
closely spaced administrations followed by a longer period of time during which the agent 1s
not administered. For example, the schedule may involve an initial set of doses that are
adminisicred in a relatively short period of time (e.g., about every 6 hours, about every 12
hours, about every 24 hours, about every 48 hours, or about every 72 hours) followed by a
longer time period (e.g., sbout | week, about 2 weeks, about 3 weeks, about 4 wecks, about 5
weeks, about 6 weeks, about 7 weeks, or about 8 wecks) during which the RNAI agent is not

administered. In one embodiment, the RNAIT agent is initially adodnistered hourly and is
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later administered at a longer mnterval {e.g., daily, weckly, biweckly, or monthly). In ancther
cmbodiment, the RNAT agent is initially administered daily and is later administered at a
longer intorval {e.g., weekly, biweckly, or monthly). 1n certain erabodiments, the longer
mierval increases over time or 15 determined based on the achievement of a desired effect. In
a specific embodiment, the RNA1 agent is administered once daily during a first week,
followed by weekly dosing starting on the cighth day of administration. In another specific
embodiment, the RNAJ agerd is administered every other day during a first week followed by

weekly dosing starting on the cighth day of admimistration.

In some crobodiments, the RNA# agent is administered in a dosing regimen that
melades a “loading phase” of closely spaced administrations that may be followed by a
“maintenance phase”, in which the RNA1 agent is administered at longer spaced wtervals. In
one cmboediment, the loading phase comprises five daily adminisirations of the RNAJ agent
during the first week. In snother embodiment, the maintenance phase comprises one or two
weekly administrations of the RNA1 agent. In a further embodiment, the maintenance phase

lasts for S weeks.

Any of these schedules may optionally be repeated for one or more iterations. The
number of iterations may depend on the achievement of 2 desived effect, e.g., the sappression
ofa HAO! gene, and/or the achicvement of a therapeutic or prophylactic effect, e.g.,

reducing oxalate levels or reducing a symptom of PH1.

In another aspect, the invention featares, a method of instructing an end user, e.g., a
carcgiver or a subject, on how fo administer an iIRNA agent described herein. The method
meludes, optionally, providing the end user with one or more doses of the iIRNA agent, and
msinucting the end user to administer the iIRNA agent on a regimen described herein, thereby
nstructing the end user.

Vi Kits

The present invention also provides kiis for using any of the iRNA agonts and/or
performing any of the methods of the invention. Such kits include one or more RNAJ
agent(s) and mstructions for use, e.g., mstructions for mhibiting expression of a HAGI ina
cell by contacting the cell with the RNA1 agent(s) in an amount effective to inhibit expression
of the HAO1. The kits may optionally further comprise means for contacting the cell with
the RNA1 agent {e.g., an fnjection device), or means for measuring the inhibition of HAO!

{e.g., means for measuring the inhibition of HAOT mRNA or protein). Such means for
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measuring the inhibition of HAGT may comprise a means for obtaining a sample from a
subject, such as, e.g., a plasma sample. The kits of the invention may optionally further
comprise means for administering the RNA1 agent(s) to a subicet or means for deteromining

the therapeutically effective or prophylactically effective amount.
Vi, BDiagnostic markers for PHI and related conditions

Also described herein are markers and methods for the diagnosis of disease conditions
caused by oxalate overproduction, particularly PHI and related conditions, as well as with

agents for the ireatment of said conditions.

According to another aspect, the invention relates to a method for the treatment of a
PHI condition in a subject (stone forming discases, especially PH1}. The diagnostic method
comprises the steps oft (a) knocking down the HAO1 expression i a subject (b} obtaining a
biological serum from said subject; and (b} determining the level of glycolate in said serum.
1t should be appreciated that elevated lovel of glyeolate in serom, in comparison with
negative control, indicates the inhibition of the glycolate oxidase enzyme to provent oxalate

production that is caused the PH1T conditions.

In one embodiment, described herein is a kit for the diagnosis of PH1 condition, said
kit including the following: (a} an agent for determining the presence of an analyte of interest
m serum, wherein said analyte of interest is one of glycolate; and (b) calibration means. For

example, said analyte of interest is glycolate, said agent is an siRNA targeting HAQGL

Unless otherwise defined, all technical and scientific torms used herein have the same
meaning as commeonly understood by one of ordinary skill in the art to which this invention
belongs. Although methods and materials similar or equivalent to those described herein can
be used in the practice or testing of the iRNAs and methods featured in the jovention, suitable
methods and materials are deseribed 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 exarples are dlustrative only and not indended to be miting.

101



RN

i
RN

WO 2016/057893 PCT/US2015/054881

EXAMPLES
Materials and Methods

The following materials and methods were used in the Examples. As used herein,

“HAOD” and “GO” are used interchangeably.
SIRMA synthesis

Single-stranded RNAs were produced by solid phase synthesis on a scale of 1 pmgole
using an Expedite 8909 synthesizer {Applied Biosystems, Applera Deutschiand GmbH,
Darm-stadt, Germany} and controlled pore glass (CPG, 5004, Proligo Biochemic GimbH,
Hamburg, Germany) as solid support. RNA and RNA containing 2°-O-methy] nucleotides
were generated by solid phase synthesis croploying the corresponding phosphoramidites and
2-O-methy! phos-phoramidites, respectively (Proligo Biochemic GmbH, Hamburg,
Germany). These building blocks were mncorporated at selected sites within the sequence of
the oligoribonuclootide chain osing standard mucleoside phosphoramidite chemistry such as
described in Current protocols in nucleic acid chemistry, Beaucage, S.L. et al. {Edrs.), John
Wiley & Sous, Inc., Now York, NY, USA. Phosphorothioate linkages were introduced by
replacement of the fodine oxidizer sohution with a solution of the Beaucage reagent
{Chruachem Lid, Glasgow, UK) in acetonitrile {1%). Further ancillary reagents werg

obtained from Mallinckrodt Baker (Gricsheim, Germany).

Deprotection and purification of the emade oligoribonucleotides by anion exchange
HPLC were carried out according o cstablished procedures. Yields and concentrations were
deternined by UV absorption of a solution of the respective RNA at a wavelength of 260 nm
using a spectral photometer (DU 6408, Beckman Coulter GmbH, Unterschleiheim,

Germany).

Double stranded RNA was gencrated by mixing an equimeolar solation of
complementary strands in annealing buffer (20 mM sodiim phosphate, pH 6.8; 100 mM
sodium chloride), heated in & waier bath at 85 - 90°C for 3 minutes and cooled to room
temperature over a period of 3 - 4 bours. The anpealed RNA solution was stored at 20 °C
until use.

In some instances, a duplex (dsRINA) was synthesized more than once. Different
batches are labeled with different extensions. For example, AD-62933.1 and AD-62933.2 are

different batches of the same duplex.
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Cell culture and transfections

Primaary Cynomolgus monkey hepatocytes (PCH} and primary mouse hepatocytes
(PMH) were used. PCHs {Celsis # MO03055, lot CBT) or PMH {freshly isolated) were
transfected by adding 14.8ul of Opti-MEM plos 0.2 of Lipofectamine RNAIMax per well
{Tnvitrogen, Carlsbad CA. cat # 13778-150) to 5ul of siRNA duplexes per well into a 96-well
plate and incubated at room temperature for 15 minutes. 80l of nVitroGRO CP Rat media
(ToVitro Technologies) containing ~2 x 10" PCH or PMH cells were then added to the siRNA
mixture. Cells were incubated for 24 howrs prior to RNA purification. Single dose
experiments were performed at 10 or 20nM and 0.1 or (.2nM final duplex concentration and
dose respouse experiments were done over a range of doses from 10nM to 36fM final duplex
concentration over §, 6-fold dilutions.

Total RNA isolation

Total RNA was isolated using DYNABEADS mBRNA Isolation Kit {(Invitrogen, part
#: 610-12). Cells were harvested and lysed in 150ul of Lysis/Binding Buffer then mixed for
S minute at 350rpm using an Eppendorf Thermomixer (the mixing speed was the same
throughout the process). Ten microliters of maguetic beads and 80ul Lysis/Binding Buffer
mixture were added to a round bottom plate and mixed for T minute. Magnetic beads were
captured using magnetic stand and the supernatant was removed without disturbing the beads,
After removing supernatant, the lysed cells were added o the remaining beads and mixed for
5 minuies. After romoving supernatand, magnetic beads were washed 2 times with 150u!
Wash Buffer A and mixed for 1 minate. Beads were capture again and supernatant removed.
Beads were then washed with 150pl Wash Buffer B, captured and supernatant was removed.
Beads were next washed with 150u! Elution Buffer, captured and supornatant removed.
Beads were allowed to dry for 2 minutes. After drying, 50ul of Elution Buffer was added and
mixed for 5 minutes gt 70°C. Beads were captured on magnet for 5 minutes. 40ud of

supernatant was removed and added to another 96 well plate.
c¢DMA synthesis

Synthesis of cDNA was performed using the ABI High capacity ¢cDNA reverse

transcription kit {Applied Biosysteras, Foster City, CA, Cat #4368813),

A master mix of 2ul 10X Buffer, 0.8ul 25X dNTPs, Zul Random primers, ful

Reverse Transeriptase, 1ul RNase inhibitor and 3.2ul of HZO per reaction were added into
{ 2 § P
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10ul total RNA. cDNA was gencrated using a Bio-Rad C-1000 or S-1000 thermal cycler
(Hercules, CA) through the following steps: 25°C 10 min, 37°C 120 min, 85°C § sec, 4°C

hold.
Real time PCR

2l of cBNA were added to a master mix containing 0.5ul of mouse GAPDH (cat #
43523398 Life Technologies) or custom designed Cynonmoigus monkey GAPDH TagMan
Probes: (F- GCATCCTGGGCTACACTGA, (SEQ ID NQO: 13) R-
TGGOGTGTCGCTGTTGAAGTC (SEQ 1D NO: 14), Probe- CCAGGTGGTCTCCTCC (SEQ
1D NG: 15)), 0.5ul human or mouse HAGT (HSG021390% M1- which is cross reactive with
Cynomolgus monkey HOA L Mm 00439249 i for mouse assays, life technologies) and 5Spl
Lightcyeler 480 probe master mix (Roche Cat # 04887301001) per well in a 384 well 50
plates (Roche cat # 04887301001). Real time PCR was done in a LightCyclerd80 Real Time
PCR system {Roche) using the AACH(RQ) assay. Hach duplex was tested in two independent
transfections and cach transfection was assayed in duplicate, unless otherwise noted in the

summary tables.

To caleulate relative fold change, real time data were analyzed using the AACt method
and normalized to assays performed with cells transfected with 1nM AD-1955, or mock
transfected cells. IC50s were calculated using a 4 parameter it model using X1LFit and
normalized to cells transfected with AD-1955 or naive cells.

The sense and antisense sequences of AD-1955 are: SENSE: 57-
cuAcGeuGAGuAcuucGAdTsdT-37 (SEQ D NO: 16); and ANTISENSE: §°-
UCGAAGUACUcAGCGUAAGATsAT-3" (SEQ ID NG: 17

Table B: Abbreviations of nucleotide monomers used in nucleic acid sequence
representation.

Abbreviation MNucleotide(s)

A Adenosine-3 "-phosphate

Ab beta-L-adenosine-3"-phosphate

Af 2’ -fluoroadenosing-3 -phosphate

Afs ¥ -fluoroadenosine-3’-phosphorothioate
As adenosine-3’-phosphorothioate

C cytidine-3"-phosphate

Cb beta-L-cytidine-3'-phosphate

Cf 2" -fluorocytidine-3 -phosphate

Cfs P -fluorocytidine-3 -phosphorothioate
Cs cytidine-3 -phosphorothicate
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Abbreviation Nucleotide(s)

G guanosine-3 -phosphate

Gb beia-L-guanosine-3 -phosphate

Ghs beta-L-guanosine-3 -phosphorothioate

af 2’-flooroguanosine-3’ -phosphate

(s 2’ -fluoroguanosing- 3 -phosphorothioate

Gs guanosine-3 -phosphorothicate

T S’-methyluridine-3’-phosphate

Tf 2 -fluoro-S-methylundine-3"-phosphate

Tfs 2’ -flyoro-S-methyluridine-3’-phosphorothioate

Ts 5-methyluridineg-3”-phosphorothioaic

U Uridine-3 -phosphate

Uf 2’ -fluorouridine-3’-phosphate

Ufs 2 -fluorouridine -3 -phosphorothicate

s uridine -3 -phosphorothioate

N any nucieotide (G, A, C, Tor U)

a P-O-methyladenosine-3 -phosphate

as P-O-methyiadenosine-3’- phosphorothipate

C 2-C-methyleytidine-3’-phosphate

cs 2-O-methvicytidine-3°- phosphorothioate

o 2'-O-methylguanosine-3 -phosphate

g8 2-O-methylguanosine-3°- phosphorothioate

1 2 -O-methyl-5-methylunidine-3 -phosphate

ts 2’-O-methyl-5-methylunidine-3” -phosphorothicsic

& 2'-O-methylaridine-3-phosphate

us 2'-O-methyloridine-3 -phosphorothicate

dt 2'-deoxythymidine

dTs 2 -deoxythymidine-3 -phosphorothioate

du 2" -deoxyuridine

s phosphorothioate Hukage

L96 N-ftris{GalNAc-alkyl-amidodecanoyl}|-4-hydroxyprolinol Hyp-
{GalNAg-alkvh3

{Aco) 27-O-methoxyethyladenosine-3-phosphaie

{Aeos) 2’-O-methoxyethyladenosine-3 -phosphorothicate

{Geo) 2’-O-methoxyethylguanosine-3’-phosphate

{Geos) 2’-O-methoxyethylguanosine-3’~ phosphorothicate

{Teo) 2-O-methoxyethyl-S-methyluridine-3"-phosphate

{Teos) 27-O-methoxyethyl-S-methyhmidine-3’- phosphorothicate

{(m5Cco0) 2’-O-methoxyethyl-S-methyleytidine-3’-phosphate

{mSCeo0s) 2’-O-methoxyethyl-3-methyleytidine-3°- phosphorothioate

{A3m} 3 -C-methyladenosine-2 -phosphate

{A3mx) 3-O-methyl-xylofuranosyladenosineg-2'-phosphate

{(G3my 3" -O-methylguanosine-2 -phosphate

{G3mx) 3-C-methyl-xylofuranosylguanosine-2'-phosphate

{C3m) 3"-O-methylevtidine-2 -phosphate

{C3mx) 3-C-methvi-xyvlofuranosvicytidine-2'-phosphate

{UJ3m)

(U3mx)

3" -O-methyluridine-2 -phosphate
3-O-methy brviounidine-2'-phosphate
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Abbreviation Nucleotide(s)

{Chd) 2-(-hexadecyi-cytidine-3-phosphate

{pshe) Hydroxyethylphosphorothioate

{Uhd) 2'-O-hexadecyl-uridine-3-phosphate

{Tgn) Thymidine-glyeol nucleic acid (GNA) S-Tsomer

{Cgn) Cytiding-glycol nucleic acid (GNA)

{Chd} 2-O-hexadecyi-cytidine-3'-phosphate

{Ggn) 2-C-hexadecyi-cytidine-3'-phosphate

{Agn) Adenosine-glyeol nucleic acid (GNA)Y

P 5-phosphate

{mSCam) 2 -O-(N-methyiacetamide-5-methyleytidine-3 -phosphate
{mS5Cams) 27-0-(N-methylacetamide)-S-methvleytiding-3 -phosphorothioate
{Tam} 2"-0-(N-methylacetamide)thymidine-3 -phosphate

{Tams) 2" -0-(N-maethviacetamide)thymidine-3 -phosphorothicate
{Aam) 2" -O-(N-methylacetamide)adenosine-3 -phosphate

{Aams) 2" -O-(N-methylacetamideadenosine-3 -phosphorathicate
{Gany) 27 -O-(N-methylacetamide)guanosine-3 -phosphate

{Gams) 2 -0O-(N-methylacetamide)guanosine-3 -phosphorothioate
Y34 abasic 2°-0-Methyl

Y44 2-hydroxymethyl-tetrahydrofurane-S-phosphate

Example 1. Design, Specificlty and Efficacy Prediction of siRNA

siRNA design was carricd out to identify siRNAs targeting human, cynomolgus
monkey, mouse, and rat HAQO wanscripts ammotated in the NCBI Gene database

{http:/’www . ncbinlm.nih.gov/gene/).

Design used the following transcripts from the NCBI RefSeq collection: human
(Homo sapiensy HAQT mRNA s NM _017545.2; cynomoliges monkey (Macaca
Jascicularis) HAOT mRNA is XM 005568381.1; Mouse (Mus musculus) HAOT mBNA is
NM_010403.2; Rat (Rartus norvegicus) HAOT mRNA is XM_006235096.1.

Due to high primate/rodent sequence divergence, siRNA doplexes were designed in
several separate batches, including but not lioited to batches containing duplexes matching
humeam and cyno franscripts only; human, cyno, mouse, and rat transeripts only; and mouse
and rat transcripts only. Al siRNA duplexes were designed that shared 100% identity with
the histed human transcript and other species transcripts considered in cach design batch

{above).

The specificity of all possible 19mers was predicted from cach sequence. Candidate
19mers that lacked repeats longer than 7 nucleotides were then selected. These 1069

candidate human/cyoo, 184 human/cyno/mouse/tat, and 579 mousc/rat siRNAs were used in
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comprehensive searches against the appropriate transcriptomes (defined as the set of NM_
and XM records within the human, cyno, mouse, or rat NCBI Refseq sets) using an

)

exhaustive “brute-foree” algoritho implemented wn the python seript ‘BruteForce.py’. The
script next parsed the transcript-olige alignments to generate a score based on the position
and nomber of mismatches between the siRNA and any potential 'off-target’ transcript. The
off-target score is weighted to emphasize differences in the 'seed’ region of siRNAs, in
positions 2-9 from the 5 end of the melecule. Bach oligo-transcript pair from the brute-force
search was given a mismatch score by somming the mdividaal mismateh scores; mismatehes
in the position 2-9 were counted as 2.8, mismatches in the cleavage site positions 10-11 were
coumded as 1.2, and mismatches in region 12-19 counted as 1.0, Awn additional off-targe
prediction was carried out by comparing the frequency of heptamers and octomers derived
from 3 distinct, seed-derived hexamers of each oligo. The hexamers from positions 2-7
relative to the 57 start were used to create 2 heptamers and one octomer. Heptamer! was
created by adding 2 37 A 1o the hexamer; heptamer? was created by adding a 57 A to the
hexamer; the octomer was created by adding an A to both 57 and 3” ends of the hexamer. The
frequency of setomers and heptamers in the uman, cyno, mouse, or rat 3’UTRome (defined
as the subsequence of the transcriptome from NCBUs Refseq database where the end of the
coding region, the *CDS’, 15 clearly defined) was pre-calculated. The octomer frequency was
normalized to the heptamer frequency using the median value from the range of octomer
frequencics. A ‘mirScedScore’ was then calculated by calculating the sum of (3 X

normalized octomer count ) + { 2 X heptamer? count) + (1 X heptamer] count})).

Both siRNA strands were assigned to a category of specificity according to the
calculated scores: a score above 3 qualified as highly specific, equal to 3 as specific and
between 2.2 and 2.8 qualified as moderately specific. The siRNAg were sorted by the
specificity of the antisense strand. Duplexes from the human/cyno and mouse/rat sets whose
antisense oligos facked GC at the first position, lacked G at both positions 13 and 14, and had
3 or more Us or As in the sced region {characteristics of duplexes with high predicted
efficacy) were then selected. Stmilarly, duplexes from the human/cyno/mouse and

human/cyno/mouse/rat sets that had had 3 or more Us or As in the seed region were selected.

Candidate GalNAc-conjugated duplexes, 21 and 23 nucleotides long on the sense and
antisense strands respectively, were designed by extending antisense 9mers 4 additional
nucleotides in the 37 direction (preserving perfect complementarity with the target transcript).

The sense strand was specified as the reverse complement of the first 21 nucleotides of the
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antisense 23mer. Duplexes were selected that maintained perfect matches to all selected

species transcripts across all 23 nuclootides.

Antisense strands that contained C or G at the first §7 position were modified to have
a U at the first §” position, unless doing so would introdace a run of 4 or more contiguous Us
(57 —» 37}, in which case they were modified to have an A at the first §° position. Sense
strands to be paired into duplexes with these “UA swapped” antisense strands were
correspondingly modified to preserve complementarity. Examples described below include
AD-62989 and AD-62993.

A total of 31 sense and 31 antisense derived lwmman/cyno, 19 sense and 19 antisense
derived human/cyno/mouse/rat, and 48 sense and 48 antisense derived mouse/rat 21/23mer
oligos were synthesized and formed into GalNAc-conjugated duplexes.

The sequences of the sense and antisense strands of the modified duplexes are shown
in Table 1, and the sequences of the sense and antisense strands of the unmodified doplexes

are shown in Table 2.
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Table 1a. HAO! meodifled sequences

SEQ SEQ
iD iD

Duplex Name Sense strand sequence N Aritisense strand sequence NO: { Species
AD-62933 GisasAfuGfuGlaAfafGiuClatifcGlaCfaAft 96 18 LsUfsgUfeGlatifgAfcuuUfcAfcAfutifesusg 8% Hs/Mm
AD-62939 UfsusUfuCfaAfuGRGIGIuGTuCicUifaGigAR 86 19 usClsclifaGigAfcAfeccAfulUfgafaAfasgsu S0 Hs/Mrm
AD-62932 GfsasafaGiuCfaUiCiGlaCiaaAfg AlcATUUTLOG 20 asAfsuGfulfutlfgUfcgalUfgafcUfuUfcsase 21 Hs/Mm
AD-62949 UfscsAfuClaAfeATATGRaCTalfuGRgUTgAlL Y6 21 usClsaCfeafatlfzUfcuuGuCfgAfuGlascsu a2 Hs/Mim
AD-62954 UfsustifcAfaUTgGIRGIUfgUTcCiuAfaGRaAfL2S 22 LisUfscCfuAfsGlaClaceClaUfuGlaafasasg 93 Hs/Men
AD-62959 AfsasUfgGfellfgUiCfCfuAfgGRaAfcCRulUfLeE 23 asAfsgGhdfcCfuAfggalfalfcClaiifusgsa 24 Hs/Mm
AD-62364 GisasCliaGRuGicATCTATaUTaldfuUfuCfcAfLSS 24 usGfsgAfaAfalfaUfuguGicafcUfgUlesasg g8 Hs/Mm
AD-62969 AfsesUTLUTuCTEATUIGRGRuGILCicURa ATLSS 25 usifsaGigAfcAfeCleautifgAfaafasiusesa 26 Hs/Mm
AD-62934 AfsasGhuCfaUfcGIARCTsAfgAfcATullfgAfLOS 25 usCfeasfuGiuCiutifgucGfaUfgafcUfususe a7 Hs/Mm
AD-623940 fsusCfgAfcAfaGfATCTaUfuGTgUfgAfgAfLSG 27 usCfsuClaCicafatifguctifuGiuCfgafusgsa S8 Hs/Mim
AD-62935 GfsgsGlaGiaAfaGiGTUfgUTUCTaAfgAfUATLES 28 usAfsuCfuUfgAfatiaccUfultfalfclfescse 25 Hs/Mm
AD-62950 CsusUtulifeafalfGalgUfgfeCRuATgAfLO6 29 usClsuAfgGlalfalfoes Ufusiz AfaAlgsusc 100 | Hs/Mm
AD-62955 UfscsAfaUfgGRRUFGTUTOCfuAfgGFadfe A flLO6 30 usiafsulifeCiuafaGfacaCieCisfuiaissasa 101 { Hs/Mm
AD-62960 UfsusGfaClulfulUfCfATa Ufa GFgUfgUfc ATLGG 31 usGisaClaCicClalifugadfaafzUlfcAfasass 102 | Hs/Mm
AD-623965 AfsasAfgUTcAfUCTGTATcAfaGfaCTallfuaiigs 32 usAfsaUfgUfclifuGfucgafuGiaCiulliuscsa 103 | Hs/Mm
AD-62970 CisasGiaGligGlaGrafAfaGlgUfigUfulfaAfLes 33 usUfsgafaCfaCfclfuucUfeCieClcUfgsgsa 104 | Hs/Mm
AD-62935 ClsastfuGhaUfgATGRGTaAfaAfaUfo T fulfiog 34 asAfsgiafaUfulfeUfccuCfalicAfaUfgsuse 108 | Hs/Mm
AD-62941 AfscsAfLUTEGIUGTATGIgATs AfaAfLC UGG 35 asGlegafuiifulifulfeucAfcClaAfuGiusosu 106 | Hs/Mrm
AD-629246 AfsgsGigGigAfgAfAfATZGIUGTUUTCATaATLSE 36 ustfsuGfaAfcAfcCiuuuCuCioCfcClusgsg 107 | Hs/Mm
AD-62951 AfsusGTgUTgGIUATATUfLUfgUfgAfLURLIBTLES 37 asAfsapfuCfaCfaAfzuuafeCfaCicAfusese 08 | Hs
AD-62956 GfsesCRulifgClaUfCRCTUGTgAfaATUATUARLSE 8 usAfsuAfulfulfeafegalfglfaAfgUfcsesa 02 | Hs
AD-62961 GfsgsafaGigGlaAfGIGIuAfgAfaGfuCfulifios 39 asAfegAfcUfuCfulfecuticCicUtuClesase 110 | Hs
AD-62366 UfsgsUTcUfuCfuGRUfUfuATgAfLUIfLCTCUTLSE 43 asGfsgAfaAfuCfuAfaacAfghfaGfalfasgss 111§ Hs
AD-62971 ClsustifuGigCruG FUfURLCTc AfaGRaUTcUILSs 41 astGfsalifclifuGigAfaacafalfcafanfgsgsa 112 | Hs
AD-62936 AfsasUfgUfgUiuUfGIGTgClaafeGTuCiaURLoG 42 asUfsgAfeGiulfzCiecaafaClaCialiususu 13 Hs
AD-62942 UfsgsUTgAfcUfaUfGRGIaClaCleCfcUfuafios EE] usAfzaGfeGiglifgUiccaClaGiud sasa 114 | Hs
AD-62047 GfrasUfsGlaGIuGTCCfaGicUfaCiuafulifios 44 asAfsubfgUfaGicUfggeAfeClolfaUfescsa 115 | Hs
AD-62952 GisasAfaAfuGTuGTUTUTUGTgGRcAfalfgUfice a5 asCfsgUfuGleCicAfaacAfcAfultiutlfcsasa 116 | Hs
AD-62957 GfsgsCruGiuUfuCiCiafaGialifcUfgAfeAfLSE 46 ustafsuCiaGlaUfcUluggAfaAfcATgClesasa 117 | Hs
AD-62962 UfsesCfaAfcAfs AfAfUTaG feClaCleClcldftlng 47 asGfsgGigUfgGfcfauutfuGhul 118 §{ Hs
AD-62967 GfsusCulifctfgUfUfURaGfaUfut i feCRuUfLoG A8 asAfsgGfaAfsUfclifaaalfaGlaafzA 112 | Hs
AD-62972 HfsgsGlaafsGigAfATGIzUTaGaAfzUTc UL 42 asGfsaChulfcUfalfeuulicCfulifcClascsa 120 | Hs
AD-62937 UfscsCRulfuGTgCRIGTuUful feAfaGia UfLos 50 fselfuGfgAfaAfcagCicAfanfgGfasusu 21 ] Hs
AD-62943 ClsasUfcURUIATGICRuGTaGlalifgAfuaflge 51 usAfsuCfallfeCicAfgouGfatfaGlatifssgsg 122 | Hs
AD-62048 GfsgsGiglifaCicARGICIuAfC faUfuGiaURL96 52 asUfccAfalifaGiuafgouGiaClaCicClicsasu 123 | Hs
AD-62953 AfsusGRuGTULfuGTGIGToAfaCTgUfcAfUATLOE 53 usAfsuGfaCigUfuGleccAfaafcafcAfiisusi 124 | Hs
AD-62958 ClsusGiuBTuAfgATUTUfUC TcUfuAfaGTaATLS 54 usUfscUfuAfaGigAfaauCfuafaAfcAfgsasa 125 | Hs
AD-62963 AfsgsAfs AfgATRAFUIG FgAfcUTLGFeAFUATLSE 55 126 | Hs
AD-62968 GfsesAfuCfclUfgGIATATsUfaUfaUfudfaAllL96 5G 127 { Hs
AD-62973 ClsesUfgUfcafgAFCICTallfgGigAfaCtuaf g6 57 128 | Hs
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AD-62938 fsasAfcAfuGTgURGTUfgGfallfaGigAfUATLSS 58 usAfsuCfeCfalffcClacaCicAfuGiulfusasa 128 | Hs
AD-62974 ClsusClaGigATUGTATAfR AfaUTUUfuGTaAfLOG 53 ustifscafapfalifubiuucAfuCfclifgAfasusu 130 | Hs
AD-62978 ClsasGleafulnfuAfUuiUfalfullfgAfcAfasflge &0 usUFsuGRLCTaATgUfaauafea fuGicUfgsass 131 | Hs
AD-62082 UfsasUfgAfaCfsAICTATUGTcUfaATalfcAfLDS 61 usGfeatifulfaGfcAfuguUfgUfuCfaUfasasu 132 | Hs
AD-62986 AfsusAfuafuCfcAfATAfLGTULIfUUTaGIgATLRS 62 usClscUfaAfaAfcafuuuGigAfudfuAfususe 133 | Hs
AD-629290 ClscsAfg AfuGfgATATGTclifgUlallfcCfaAfion &3 usUfsgGlalifalfaGfouuCicAfuCiuGigsasa 134 | Hs
AD-62994 GisasCiulful fallfCRCfuGTgAfa ATUATUATLDG 64 usAfsuAfubtuCleAfggalifgAfaAfgUicsesa 138 | Hs
AD-62998 ClsesCieGigCIuafATUTUfgUfallic AT URLOG &5 asUfsuGhsUfaClasfauusfelfeGiatigsgss 136 | Hs
AD-63002 HfcusAfaAfc ATUGIGICfuUfgAfatlfgGIgAfLos 65 usClseCfalfuCfasfaccAfuGiulifuafascss 137 | Hs
AD-62975 AfsasUfgUfaUfuUfAfGTaClaAfcGluCialifios 67 asUfsgAfeGiuUfgUfcuaafaClaCtallfususu 138 | Mim
AD-62979 AfscsUfapfaGigAfATGRaAfulTcCigGRLUALSs &8 asAfscCfgGfaafulicuulfeUiuUfaGiusasu 138 | Mm
UfsasUfsUfcClaAfATUfRgURuUfuAfgGlaufLee 69 asUfseCludfaAfaCiauutlfaGRalifalfasusy 140 | Mm
GlsusGReGig AfaATGIGRcAfcUfgAfUGTILITLIG 70 asAfscAfulfaGiuGfeculifuCfeGicAfcsase 141 | Mm
UfsasAfaATCATgUIGTGRuUcUTUATaATULILSG 71 asAfsutlfusfaGfaafecaCiuGfuUfutifasasa 142 | Mim
AD-62995 AfsusGfaafaafaUTUTUfuGTaATaCTcATgUfLOG 72 astCfsuGfgUfulfcafaaaUiuUfulfcAfuscse 143 1 Min
AD-62999 AfsasClanfa ATUATGTC Tz AfuCicCIuUTUULSG 73 asAfsaAfgGigafuligeusfulfulfgifusgsg i34 | Mm
AD-63003 CfsusGfaAfaClaGFAfUfclifgUfe 74 asAfsgUfcGlaCfaGlauctifgUfutifeafgsesa 145 | Mim
AD-62976 UfsusGfubfgCraAfAfGIgGicAfuUTLILTgAfLSE 75 usCfsaAfaAfuGfcCfouuUigClaAfcAfasusu 146 | Mm
AD-62980 ClsusClabifuG iU fUfAfulfa AfcCRuGTUATLSS 76 usAfscAfgGullfaafuaaafcAfaligAfgsasu 147 | Mim
AD-62984 ClsasAfcAfaAfaUFARGTeafaifeClicUfuUige 77 asAfsaGigGlaUfuGfeuaUfultfuGhinifgsgsa 148 | Mm
AD-62992 ClaasUTuGRulfeAfUTU fa AT fuGluafu Uit o6 78 sshfsuafcAfaGiulifaauafadfcafalifgsasg 143 | Mm
AD-62996 HisasUfe AfgCRuGTGTGTaAfgAfuAfuCiaAfL o6 79 usUfsgAfudfulfulfcccAfgCh 150 | WV
AD-63000 UfsgstfcCfuATgGRATATCCIUUfLUTaGTaAfLOG 33 usUfsciifaAfasfgGiuucCiuafagGralfascse 151 1 Mm
AD-63002 UfscsClaAfcAfaAfafiifaGieAfalficCRelUfLes 81 asGisgGlalfuGicUiauuUfuGfulfeGiasasa 152 | Mm
AD-62977 GisgstgUfgl Feaf AR GIgClalluGRaliiies 82 asbifseafgUfgClalbfuucCiglfallalfcsese 183 1 Mm
AD-62981 UfsusGis AfaCfeATGRUfaCTut SfuAfuCtatifLoa 83 asUfsgAfuafaafzUfacuGigUfulfcAfasass 154 | Mm
AD-62985 UfsasCrullfcClaAfATGIUCTUATUATUATUATLSE 84 usAfsudfuAfudfgAfcuutifzGraAfgtifascsu 55 | Mim
AD-62989 UfsesCIuAfgGRaafCiCiuUfulifaGlaafallflos 85 astifsulifcUfasfaAfggilifcCfunfaGrascsa 186 | Mm
AD-62993 ClsusClelfgafeaiafafaAfulfulfgGraanfi oe &8s ustifseClaafasfulifuucCiuCfaGigAfssasa 157 | Mm
AD-62097 GfsestifeCfgGlaAfIGRUUTgCluGlaafa Ui o6 87 asUfsulUfeAfeCfaAfcautfcCfeGlaGicsasu 158 | Mim
AD-63001 GisusGRuUfUGIUGTGTGTgAfgAfcCRaAfUATLSE 38 usAfsulifsGiuCfuCfoccAfcAfaAfcAfesasg 158 | Mm
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Table 1b: Additisnal HAGT modified seguences,

SEQ SECQ,
1D D

Dupiex Name Sense strand seguence NG Antisense strand sequence NC: Species
AD-62933, GfsasAfuGTuGTaAfAfGILCTatlfcGlaCia AL SE 18 usUfsglifcGlallfgAfcunldfcAfcAfulifesusg 23 Hs/Mm
AD-62939.2 UfsusUfuCraAfuGIGIGfuGfuCicifaGigAfLse 19 usClscUtaGigafcAfcccafutifgafaafasgsu a¢ Hs/Mim
AD-62944.2 GfsssbfatfoClaURCIGTaCfad feAfcATUURLOG 20 asAfsuGRuCiullfgUfcgaUfaafcUlulifesase 31 Hs/Mm
AD-62949.2 UfscsAfuClgAfcATAfGTaCTat fuGigUfgAfL95 21 usCfsaClcAfalifgUfcuuGiucCfsAfuGlascsu a2 Hs/Mim
AD-62954.2 UfsusUfcafaUfgGRGIUfgUfcCuAfg GRaAfLOs 22 usUfscCluafgGiaClaceClalifuGlasfasasg 23 Hs/Mrm
AD-62959.2 AfsasUfgGigUfgUTCICfuAfgGRaAfcCRUUMLeG 23 asAfsgGfuttfeCluafgzgaClaCicClallfusgsa 84 Hs/Mm
AD-62964.2 FUGTCATCTARRU T LU TUCTCATLO6 24 usaisgafaAfaUfaUfuguGfcAfclfgUfesasg a5 He/Mim
AD-62969.2 AfsesUTLURUCTIs ATURGTGRuGILCTcUfaATLYS 25 ustifsatfgAfcAfeCfeautifgAfa AfaGluscsa 86 Hs/Mm
AD-62934.2 AfsasGRuCTallfcGraflfaafg AfcAfullfg AfL9G 26 usCleaAfuGfuCiullfgucGlaligAfclfususe a7 Hs/Mim
AD-62240.2 AfsusCigAfcAfaGTARCTaUfuGfgUfgAfgAfl 86 27 usClsuCfalfeAfalfgucUfuGfuCigAfusgsa o8 Hs/Min
AD-62945.2 GfsgsGlaGiaATaGGIUfgUuCaAfgAfUATLSS 28 usAfsuCfulfgafaCfaccitfulicUfcCliesese 53 Hs/Mm
AD-62950.2 ClausUfulfeafaUTGRGTIg UfgUTC FUATgARLDE 29 usClsuAfsGRaCfaCfecalifuGlaafaAlgsuse 160 Hsg/Mim
AD-62955.2 feGigUFGIUTCCIUATEGlaAfcAT 06 20 feCfalifuGfasasa 101 Hs/Mrm
AD-62360.2 UfsusGfaCfullfuUCiAfaUTsGIgUfgUfc ATLSG 31 usGfsaCfalfeClaUfugahfaAlgifcAfasasa i02 Hs/Mm
AD-62965.2 AfsasAfgUfcAfulTfGiafcafaafaCiz UfuAaflos 32 usAfsaUfgUfcUfuGlucgafuafalfulfuscsa 103 Hs/Mim
AD-62970.2 ClsasGigGlaGiaGrafATaGlgUfsUfuCfaaR o6 33 ustifsg Al ClaClalfuucUfeCleC ol fgsgss 104 Hs/Mm
AD-62935,2 ClsasURuGRaUfgATGRGTs Afadfall fotfullft 26 34 asAfsgGRalfulfulifaeuClaCicAfaUgsuse 105 He/Mim
AD-629241.2 AfscsAfullfgGIuGTATGTgAfaATa AfLCUITLSG 35 asGisgAfulifubiuCfoucAfeClaAfuGfuscsu 106 Hs/Min
AD-62346.2 AfsgsGiaGigATgAfATATEGIUGTUUfcATa AfLSE 36 ustifsuGfaafeafcCiuunCiuCfcCicClusgsg 07 Hs/Mm
AD-62951.2 AfsusGigUfgGIUATATUTUUfg Ufg AFLUTUILTLIS 37 asAfsaAfuCfalfasfavuAicCfatfcafuscse 108 Hs
AD-62956.2 GfsasCRullfgClURCICTuGigAfasfuATuAfLoG 3R usAfsudfulifuClcafggaUfaClanfgisfcscsa 108 Hs
AD-62961.2 GisgsAfaGisGlaAfGIGIuAfgAfaGluCfulifiLes 39 asAfsgAfcUfuCTuAfccutfeCfolfuCicsase 116 He
AD-629264.2 UfsgsUTcUfuCfuGRUfUfuAfg AFLUIFUCTCUTLE 40 asGfsgAfaAfuCfusfaacAfgAtfaGiaClasgsg 111 Hs
AD-62871.2 ClsustfuGTgCiuGUTUTfuC fcAfaGRalfcUiLss a1 asGisalfctfuGraafaacAfgClcAfanfgsgsa 112 Hs
AD-62936.2 AfsastfgUfgURL UG IGRaCTa A feGRuCTa UL o6 42 asbifsgAfeafullfgl foca AfaCfalfalifususy 113 He
AD-62942.2 Ufsgstfg Afc UGG faClaCicCfclUfuAfi os 43 usAfsaGleGigUigtiforaClaGiulfalfasasa 114 Hs
AD-62947.2 GfsasUfgGiaGiuGCICfaGicUfaCiuAfuUiLS6 a4 asAfsuAfglifaGlcUiggeAfcCeCfalfcscsa 115 Hs
AD-62952.2 GisasAfaAfuGTUGTUTUfLGTgG fcAtaCfgUfios 45 asCisgUfuGicClcAfaacafcAfuUfulifesasa 136 Hs
AD-62957.2 GfsgsCRGTQURLCICIATRGRallfcUfp AfcAfLOG 46 usGisuCfatisUfcUfuggafaAfcAfgiesssa 117 Hs
AD-62962.2 HisesCfaAfcAfs AfARfaGReClaCfeCicUfL o6 47 asGfsgGigUifaGicUtfauulifuGiullfgGlasasa 118 He
AD-62947.2 GfsusCRuUfcUfgURLIfUTaG faUtul ifeCRuULoe 48 asAfsgGlaAfaUfcUfaaaClaGiaAfgAfcsasg 119 Hs
AD-62872.2 UfsgsGranfgGigAfafGigUfaGiaAfgUfcUiLos a9 astafsaCfullfcUfaCiouulfeCiuUfcClascsa 120 Hs
AD-62937.2 UfscsCRullfuG fgCRUTGTUTUC cATa GRalUfLOG 50 aslUfscUfuGigafanicaglicAfaafaGlasusy 123 Hs
AD-62943.2 CisasUfcURcUTCATGROFUGTgG falifg AfuAfLSe 51 ushfsuCfallfeCfeafecuGlaniaGiallfgsssg 122 Hs
AD-62948.2 GfegsGigUfa CHATGICTUATUfaUTuGFaUTLo6 52 asUfscAfaUfaGfuAfgcuGigClalicCicsasu 123 He
AD-62953.2 AfsusGRuGTullifuGTGIGTcAfaCTgURCATUATLOE 53 usAfsuGfalfaUfuGfoccAfa AfcAfcAfususu 124 Hs
AD-62358.2 CfsusGIUBfUAfgATUTUTUCFcUTUATR GRaATLBs 53 LsUfscUfuafaGfgafaauCiuafanicafgsasa 125 Hs
AD-62963.2 AfsgsATsATgAfaARUTGTgATCUTLGTCATUATLSS 55 ushfsuGleAfaGiuClosulUfuCfulifuChusssg 126 He
AD-62968.2 GfscsAfuCicUfgGrafafsUfatifaUfusfaafice 56 usUfsuAfalifaUfalifuucClaGfgAfuGlosass 127 Hs
AD-62973.2 ClscsUgUfcAfg AfCIC fallfgGigAfaCiuAfLeG S7 usAfsgUtuCteClalfgguCiuGfalfaGigsosu 128 Hs
AD-G293R.2 AfsasATcATUGfgUTGIUfeGTaUfeGTgATUATLDG 58 usAfsuCieClatifcCfacaCfcAfuafuliusasa 129 Hs
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AD-62974.2 ClsusCRaGigATUGTATATa Afa UTuUfuGTaAfL9G 59 ustifscafasfalifeUfuucafuCicligAfgsusu 130 Hg
AD-62978.2 CisasGRATUGTUARITUfACTuUTgATcATa ARGE &0 usUfsuGfuCfaAfsUfaauAfcAfuGfclUigsasa 131 Hs
AD-62982.2 UfsasUfgAfalfaAfCrAtfuGicUTaAfaifcAfios &1 usGisaUfuUfaGicafugutifgUtuCiatifasasu i32 Hs
AD-G2984.2 AfsusAfuAfuCfCATATATUGTLUIfUUTaGTgAfL2G 52 usClsclfaAfanfoafuuuGizAfuATuAfussc 133 Hs
AD-62890.2 CfsesAfgAfuGfgAfafGiclfgUfalfcClaAfLoG &3 usUfsgGaliaCiaGicuuCfcAfuCiuGigsasa 134 Hs
AD-62924.2 GsasCiulfuCfaUfCICfuGigAfaafud fuAfLEe6 54 usAfsuAfeUfuCfcAfggallfgAlsAlgUfescss 125 He
AD-62998.2 ClsesCioGigCluafafUfuUfgUfatjfcAfsURL96 55 asUfsuGfalfaCisAfauuAfaCleGiaGigigsa 136 Hs
AD-63002.2 UfsusAfaATcATUGIGICTuUfgAfalifgGfgAfL S Gh usCfscCialifuCfaafgecAfuGtutifufascsa 137 Hs
AD-62975.2 AfsasUfglfg UfuUfARGTaCTaAfeGIuCTalfLos 57 asUTsgAfcGiutifgUfcuaafaCiaCialiususu 138 Mm
AD-62979.2 AfscsUfasfaGfgAfaiGiz AfuUfolfgafuUn ce &8 asAfseClaGiaAfulfouuCleUfutfaGRusasy 138 Mim
AD-62983.2 UfsasUfaUfcClaAfafUigUfulfuafeGlaliilos 59 asUfecClunfadfalfauuligGlatifaUfasusu 140 Mm
AD-G2987.2 GfsusGIeGigATa ATGIGICATCU g AfUGTLLIfLOG 70 asAfscAfCfaGiuGiccuUiuCicGfcAfesase 141 Mm
AD-62991.2 UfsasAfaAfcAfgUIGIGTUUTcUTUATaATUUTLSS 71 asAfsutfuafaGiaAfecalfuGiuUfulifasasa 142 Mm
AD-62995.2 AfsusGfaAfadfalfUfUTLGRaARSCicATgURDE 72 ssCfsuGigUTulfcAfaralifulfullficAfusese 143 Mrn
AD-62¢ AfsasClaAfa AfUATGFCTaAfuCTeClul fuUfLO6 73 asAfsaAfeGigAfullfgcuafuUfullfgUfusgse 144 Mim
AD-63003.2 fsusGraAfaCtaGFATUfc fzUfeGiaCuUfLee 73 asAfsglifcGaClaGiaucUfglifulicAfgsesa 145 Mm
AD-629276.2 UfsusGfuUfgCrantafGigGfcAfuUTUILfgATLRE 75 usCfzaafaAfuGicCleuulUigCiaafcAfasusu 146 Mm
AD-62380.2 CfsusClallfuGFuUfUSATUUTa ATCCTUGTUATLES 76 usAfscAfeGfulfaAfuasAfcAfaUfgafgsasy 147 Mm
AD-62084.2 ChsasAfcAfsAfaUFATGTeafatfeCicUfeUf %6 77 asAfsaGizGlaUfuGious UfulfuGiulfgsgsa 148 Mrn
AD-62992.2 ClsagtfuGTuUfuATUTUfa AfcCuGTuATLUILRG 78 asAfsuAfeAfpGlullfaauAfasfcafatifgsasg 1492 Mim
AD-62996.2 UfsasUTc AfgCuGIGIGTaAfgATuAfuCTaAfLSE 79 LsUfsgAfusfuCifulfeccafaCiuGfaUfasgsa 150 Mm
AD-63000.2 UfsgstfcCluafeGIafAfcCRUbTUUfaGTaALSG 30 usUfsclifaafaafeGiuuclfuAfgGiaClascse 151 Mm
AD-63004.2 UisesClaAfcATARA U GRcAfaUicCRelU Lo &1 asGlegGrallfuGieUfauuUfuGRullfaGlasssa 152 Mim
AD-62977.2 GisgsUfgUfeCfgGiAfAfaGigClaCiuGfalfiee 82 asUfscafgiifeCiaifun 153 Mm
AD-62981.2 UfsusGfaAfaCicATGIUfaCTulfuAfuCial fLos 83 asUfsgAfuAfaAfgUlacuGigUfulUfcAfasasa 154 Mm
AD-62985.2 UfsasCRulifcCfaATARG fuCTuATUATUATUATLSE 82 usAfsuAfuafusfgAfcuulifaGlaafgiUfascsu 155 Mm
AD-62089.2 UfsesTfuATsGRaAfCRCTuUfuUfaGlaafalufles 85 asUifsuUfcUfadfanfggufeCfuAfgGrasess 156 Mrn
AD-62993.2 CisusClelifgdfeGiAfafaafulifuUfgGraafioe 26 ustifseClaAfadfufuucCiuCiaGrgafgsasa 157 Mim
AD-62997.2 GfsesUfeCfgGra ARG UTgCluGTaafaUR Se 87 asUfsuifcAfgClaAfcaul!feCleGlaGiesasu i58 Mm
AD-63001.2 GfsusGUUfUGILGTGIGTgATEAfcCTaAfLATLSE 38 ushfsubfgGfuCfuCfcecafeafaAfcAlicsasg 159 Mm
AD-62933.1 Gfsashfi GfaAfAIGFuCfaUfeGRaCfaaflo6 160 usUfsgUfcGlaUfgAfeuuUfcAfcAfuUfesusg 277
AD-65630.1 YadgsasAfuGTuGraAfAfGILCTalifcGlaCiaAfLSE 161 PusUfsglifcGfalfgAfcuniifcAfcAtullfesusg 278
AD-65636.1 gsasauguGfaAfafGfucaulfgacaal st 162 usUfsgUfeafaUfgafounifeAfcAfuUfcsusg 279
AD-65642.1 gsassuguEfaAfAfGiucaucgscaal 86 163 usUfsgUfeGlatlfgAfcuulfcafcAfutifcsusg 280
AD-65647.1 gsasauguGlaaAfGiucaucgacasion 164 usUfsgtifeGlfallfgafouutifcAfcAfulifosusg 281
AD-65652.1 gsasaugLiGfaaaGfucaucGiacaalss 165 usUfsgUfeGaUfgafcuuUfic AfcAfuUfcsusg 282
AD-65657.1 gsasaugugaaatGiucaucGlacaalse 166 usUfsgUfcGlallfgAfcuuUfcAfcAfultfcsusg 283
AD-65662. 1 gsassuguGlasatiucaucgscaal 36 167 usifsgifeGlalfgafouutcAfcAfuUfosusg 284
AD-6562 AfsusGRuGfa AfafGIuCfallfcGfaCisAfLos 168 LsUfsgUfeGlatifgAfcuuUfcAfcAfususe 285
AD-65631.1 asusguGfaAfaiGiucalicgacaal 26 189 ustifsgucGlaugacuulUfcAfcaususc 286
AD-65637.1 GfsasAfuGfuGTaAfAFGILCTaUTcGTaCia ATLOG 170 uslfsgucGiatifgafeuulfcafcauucsusg 287
AD-65643.1 GfsasAfulfuGlaafAIGIuCTaUfcGlaCfaaR g8 171 LisUTsgueGfalfGlacuntifcAfcaliuicsusg 288
AD-65648. 1 GlsasAFUGTuaTaATAFGILCTRUFCGTICIARLDG 172 uslifsgucGlaugacuullfcAfcauucsusg 289
AD-65653.1 Gfsasaf GfaAfAIGFuCfaUfeGRaCfaaflo6 173 usUfsgucGfaugacuulfcacaucsusg 220
AD-65658.1 GfsasAfuGTuGTaAfAfGILCTatlfcGlaCia AL SE 174 usUfsgucgaligacuulUfcacauucsusg 281
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AD-65663.1 gsasauguGfanfafGfucaucgacsal. 86 175 usUfsgueGistfgafeuulfeafcanucsusg 292
AD-65626.1 gsassuguGlaAfAfGiucaucgacaal 26 176 ustifsgucGratifGfacuutUfcAfcauucsusg 293
AD-65638.1 gsasauguGlaaaiGfucaicgacaal®s 177 LsUfsgucGraUigAfcuutifecAfcauucsiisg 284
AD-65644.1 gsasauguGfaaaAfGiucaucgacaal 9o 178 ustifsgucGratifGlacuuicAfcauucsusg 295
AD-65649.1 gsasauguGiaaAiGiucaucgacaal ot 179 usUfsgucGiaugacuuUfcafcavucsusg 286
AD-65654.1 gsasaugugaaagueau{Cgnigacsal.g6 180 ustifsglfeGfalfgafouuidicAfcAfuUfesusg 297
AD-65659.1 gsasaugdTgaaagucau{Cgnlgacaal 26 181 usUfsgUfcGlaUfgAfeuuUicAfcAfuUTesusg 298
AD-65627.1 gsasaudGugaaadGueaufCgnigacaal 96 182 usUfsglifcGlallfgAfcunildfcAfcAfulifesusg 289
AD-65633.1 gsasaugdigasadGueauilanigacaal s 183 usUfsgUfetifaUfgafounifeAfcAfuUfcsusg 300
AD-65639.1 gsssaugudGaaadGueaniCenigacast.oé 184 usUfsgUfeGlallfgAfcuulfcafcAfutifcsusg 301
AD-65645.1 gsasaugugaaadGueaucdGacaalds 185 usUfsgtifeGfallfgafouutifcAfcAfulifosusg 362
AD-65650.1 gsasaugugaaadGucaucdTacaal 86 186 usUfsgUfeGlaUfgafcuuUfic AfcAfuUfcsusg 303
AD-65655.1 gsasaugugaaadGuealicY34acaalss 187 usUfsgUfcGlallfgAfcuuUfcAfcAfullfcsusg 304
AD-65660. 1 gsasaugugaaadSucadTedTacsalse 188 usifsgifeGlalfgafouutcAfcAfuUfosusg 205
AD-65665.1 gsasaligugsaadGucaucdGadCasloe 189 usUfsgUfcGlaUfgAfeuuUfcAfcAfuUfesusg 306
AD-65628.1 gsasaugugazadGucaucdTadCaal9s 120 usUfsglifcGlallfgAfcunldfcAfcAfulifesusg 3067
AD-65634.1 gsasaugugaaadGueaucy34adtaalos 191 usUfsgUfeGlaUfgafcuuUfic AfcAfuUfcsusg 308
AD-65646.1 GfsasafufuGlaafAfGiuCiatifcGraCfanflos 192 usdTsgucgaugdbcuudlcacauncsusg 308
AD-65656, 1 GlsasAFuGTuGTaATAFGILCTRUFCGTICIs ARLDG 193 uslsguegaugacuudTeacaudesusg 210
AD-65661.1 GfsasAfuGiuGTaafAIGIuCiaUfcGRaClaAflLoe 194 usdTsglicdGaugacliudTeacauucsusg 3t
AD-65666.1 GfsasAfuGTuGTaATAFGTLCTallfcGlaCia AL SE 195 ustisgucdGaugacuudTcacauucsusg 312
AD-65629.1 GfsasAfuGfuGTaAfAfGILCTRUTcGTaCia ATLOG 196 usdTsgucgaugacuudTedAcauucsusg 313
AD-65635.1 GfsasAfuETuGlas FATG Uiz UfeGRaCfa AR 96 197 usdTegucdGaugacuudTedAcavucsusg 314
AD-65641.1 gsasaugugraadGuoauifgnigacaal 956 198 usdTsgucgaugdAcuudTacauicsusg 315
AD-62294.1 GisasChuUfuCTaUfCiCiuGigAfaAfuAfuAfLSE 199 usAfsudfuUfuCicAfsgaUigAfaAfgUfcscsa 316
AD-65595.1 gsascLuLCialfCHC fuggaAfauaualds 200 ushfsuAfulifuCfcAfggalifeAfaAfglifescsa 317
AD-65600. 1 gsescuuuClalfCiCiuggasansual 86 201 usAfsuAfeUfuCfcAfggatlfgAlsAlgUfescss 318
AD-65510.1 grascutiuClaucCiuggaaafuauatl os 202 usAfsudfulifuCfcAfggaUfgAfaafglfosesa 3192
AD-65615.1 gsascuuucaucCfuggaaAfuaiual 26 203 usAfsuAfulifuCfcAfzgalifgAfaafgiifescsa 320
AD-65620.1 gsascuuulfaucChuggaaauaualss 204 usAfsuAfuUfuCicAfggaUigAfaAfgUfescsa 3231
AD-65584.1 CfsusUfuCraURCICIuGTgATa AfUATUATLEG 205 usAfsuAtulfuCicAtggaligAfaAfgsuse 322
AD-65590. 1 csuseuCRalfCiCTugsaaauanal 96 206 usAfsuauUfuccsggablfgAfsagsuse EXE
AD-65596.1 GfsasCRullfuCtaUfCfCiuGTgAfaAfuAfudflLos 207 usAfsuautifuCfcAfggaUfgAfaagucsesa 324
AD-65601.1 GisasCRulfuCfaUfCICfuGigAfaATuAfUATLSE 208 sAfsuauUfuCfCfaggatifgAfaaguicsesa 325
AD-65606.1 stsasCiulfulfalfCICfuGiz AfanfusfuAfLes 209 usAfsuauUfuccaggallfgAfaagucscsa 326
AD-65611.1 GfsasCRuUTUCTaURCICTUGTiRafaATuATuAfLGE 210 usAfsuautifuccaggstfpasaguecsesa 327
AD-65616.1 GisasCiulfulfa UfCICRuGTg AfaATuAfuAfLRG 211 usAfsuauuuccaggalfgsaagueses 328
AD-65621.1 gsascuuulfaUfCiCfuggasauaial 86 212 usAfsuaulfulfcAfggaUfgafaagucsesa 329
AD-65585.1 scuuuCfallfCfCiugganauaual 86 213 usAfsuauBiuCfClaggaltfgAfaaguicsesa 330
AD-65591.1 gsescuuullalfCRCiuggacasual 86 214 usAfsuautifuccaggalligAfaagucsess 133
AD-65597.1 grascultiuClauCifuggaasuaual.os 215 usAfsuautifuCfcAfggaUfgAfaagucsess 332
AD-65602.1 gsascuuuCfauliCfuggananiaual 26 2148 usAfsuauifuCfCfagzalifgafaagiicsosa 333
AD-65607.1 gsascuLiuClauCfCfuggaaauaual s 217 suauUfuccaggalifgAfaagucsesa 334
AD-65612.1 gsascuuucaiccuggaaifgniuaual 96 218 ushfsuAfulifuCfcAfggalifeAfaAfglifescsa 335
AD-65622.1 gsascuuLcaucdCuggaaldgnivaual9s 219 usAfsuAfLUfuCicAfggaisAfsAlgUfosess 136
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AD-65586, 1 gsascudTucaucduggaaldgnivaual 96 220 usAfsuAfeUfuCfcAfggallfgAlsAlgUfescss 137
AD-65592.1 grasculidTeaucdCugsaa{Agniuaualgs 221 usAfsudfulifuCfcAfggaUfgAfaafgUfosesa 338
AD-65598.1 gsascuuudCauicdCuggaalAgniuaiial 86 222 usAfsuAfulifuCfcafzgalifgAfaafgiifescsa 338
AD-65603.1 gsasculLicaucdCuggaadAuaual.ss 223 usAfsudfuUfuCicAfsgaUigAfaAfgUfcscsa 340
AD-65608.1 sascuncaucdCuggaadivaual 96 224 ushfsuAfulifuCfcAfggalifeAfaAfglifescsa 341
AD-65613.1 gsascuuucaucdCuggaaYadusual 86 225 usAfsuAfeUfuCfcAfggallfgAlsAlgUfescss 242
AD-65618.1 gsascullicsucaCuggdAadTuanal.os 226 usAfsudfulifuCfcAfggaUfgAfaafgUfosesa 343
AD-65623.1 gsascuuucaucdluggaadTudAuai s 227 usAfsuAfulifuCfcAfzgalifgAfaafgiifescsa 344
AD-655R7.1 gsascuuucaucduggazigniudAualss 228 usAfsuAfulfuCicAfgealUisAfaAfaUfcsesa 345
AD-65593.1 geascuudTeaucdCuggaadaudAual g6 229 ushfsudfulifuCfcAfggaUfpafaafgiifescsa 346
AD-65599, 1 GisasCiulfulfa UCICE faAfusfulflne 230 usdAsuauuuccdAggadTgaaagucsess 347
AD-65604.1 GisasChuUfuCTaUfCiCiuGigAfaAfuAfuAfLSE 231 usdAsuauuuccaggadTgaaagucscsa 348
AD-65608.1 GifsasCruUTuCTa UFCICRuGTgAfaATuAfuATLSE 232 usAsuaLiLiLccaggadlgaaagucscsa 348
AD-65614.1 GisasCiulful faUCIC Uiz AfaAfusfuAfLS6 233 usdAsuaudiuccaggadTgaas 250
AD-65519.1 GfsasCRILTUCTaUFCICTUGTg AfaATUATLATLSE 234 usAsusudTuccsgsaaTgsaagu 351
AD-65624.1 GfsasCrulfuCfaUfCICfuGigAfaATuAfUATLSE 235 usdAsuauuuccaggadTzdAzagucscsa 352
AD-6S588.1 GisasChuUfuCTaUfCiCiuGigAfaAfuAfuAfLSE 236 usgAsuaudTuccagsadTzdAaagucscsa 353
AD-65594.1 gsascuuucaucduggaa{Agniuaualos 237 usdAsuauuuccd AggadTgasagucsesa 354
AD-68309.1 asgsasagEtuGiufUfcaagsugucal 96 238 usGisacaUfcUfUfzaacAfcChuuicusese 55
AD-68303.1 csasuccuGigAfAfAfuauauUsacul 26 239 asGfsuvaAfuafUfavuuClcAfggsugsasa 356
AD-65626.5 zsasauguGfaAfAfGfucaucgacaalss 230 LsUfsgucGfaUiGfacuutlfcAfcaliuicsiisg 357
AD-68295.1 asgsugcaCiaAfUfATuLLLCccaLal 86 241 usAfsuggGiaAfafavauUfgiigeacusgsu 158
AD-68273.1 gsassagulfallfCiGiscaagacauul 86 242 sshfsuguCiolfGlucsaUfgAfcuuucssse 359
AD-68297 1 asasugughfadfGitfcaucgacasalse 243 usUfsuguCfz AfUfgaculifulfacauusosuy 360
AD-GR287.1 csusggaaAfuAfUfATuuaacuguualss 244 usAfsacaGiulifAfausuAfullfuccagsgsa 361
AD-68300.1 usuuucCReAFURCfuguauiuauuul 96 235 asAfsauaAfuafCfagauGfgGiaaaausasu 362
AD-68306.1 usgsucgulfcURUffuccascaaanl 96 246 usUfsuugUfuiaiGlacaaGladfogscasese 2632
AD-68292.1 asuscougGladfailifauauuaacual 96 247 usAfsguuafalfafuauulifcClaggausgsa 364
AD-68298.1 gscsauuuUfgATGTATsgugaugaLial 26 248 usAfsucallfcAfCfeucuCfaAfaaugesese 365
AD-6R277.1 csasgegettaGiafafagguguucaal 86 249 ustifsgaaClaCiCfuuucUfeCfecougsgsa 366
AD-68289.1 gsgsacauAfusRIfUfsacuguuaaalss 250 usUfsuaaCiaGfUfuaauAfuafuuuccsasg 367
AD-68272.1 csasuuggUfgAfSIGTaaasauccuul.96 251 asAfsggatifulfUfuccuCfaCfeasugsuse 168
AD-68282.1 gsgsgagahfaGlaiitfzuucaagaual 96 252 usAfsuculUfgafafcaccifulifeliceasese 369
AD-68285.1 gsgscauulfuGiafGlagguzaugaul 96 253 asUfscauCfaCiCiucucAfaafaugeoscsu 370
AD-68290.1 usascaeaGfgGiUfGTucguucuLLuLYG 254 asAfsaagsfalfGfacacCicUfuuguastsu 371
AD-68296.1 usgsggauChuliGiGiugucgaaucalas 255 usGfsauuCizAfClaccadfgAfucccasusuy 372
AD-68288.1 csusgacaGiuGiCiAfcaatuauuuusles 256 usAfsamatifaUfitfzugcafclfaucagsasu 373
AD-68290.1 csasgugcAfcAfATUfauLLiccraul 26 257 astifsgggAfaatAfuauuGiuGicacugsusc 374
AD-68275.1 ascsuuuulfaAfyfafggiguccuaal 96 258 ustfsagghfeAfCiccauUfgAfaaaguscsa 375
AD-68274.1 ascsauugGIuGFATGfgarasauccul 96 259 asGsgaulifeURUfecucafcClaauguscsy 276
AD-68294.1 ususgeuLUfuGFARCfuuuucaaugsl 96 260 usCisauuGfaAfAfagucAfsAfageaasusg 377
AD-68302.1 csasuuuuGlaGfAfGizugaugaugal 86 261 usCsaucAfuCfAfcoucUfcAfaaaugsese 378
AD-68270.1 ususgacubifuUTCfATauggsLigucalss 262 usGisacaCicCfAfuugaAfaafzucaasasa 379
AD-68304.1 csgsacuulCfuGRIfUTuLageacagal 96 263 usCsuguCfeUiafaaacafgAfagucgsase 380
AD-GE2R6G. 1 csuscugaEtuGiGIGiugccagaausi 96 264 usAfsuucfgGiClacceAfcUfragagsese 183
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usAfscunlifeAfClavucfeGlcaccessse

382

AD-68283.1

uscsaaugGigUIGTUTccuaggascal 26

LsGfsuucCfuAfGlgacalfcClauugasass

383

AD-68280.1 asasagucAfuCiGTafcaagacauualss 267 usAfsauglifcUfUfgucgAfuGiacuiuuscsa 384
AD-68293.1 asusuuugAfgATGRGTugaugaigcalse 268 usGiscaulfalfClaccuCfuCfaaaausgsc 385

AD-6827¢6.1

astiscgacAfaGFAfCfauugsugagales

usCisucaCicAfAfugucfuGiucgausgsa

386

AD-68208.1

sspsugecAfgAfaAlUfgugaaagucal vé

usGisacullfuCfAfcauutfuGigeacasesa

387

AD-68278.1 gsascaguGfcafCiafavauuuuccal 26 271 usGisgaaAfallfAfuuguGioafcugucsasg 388
AD-68307.1 ascsazaghigAfCTATcugugcagaal 86 272 usUfscugCfaCfAfguguCfuCfuuuguscsa 383
AD-68284.1 ususuucaAfuGlGIGTuguccuaggal 86 273 usCfscuaGfgAfClacecAfullfgaaaasgsu 390
AD-68301.1 csesguuul feAfATG faucugstagul 96 274 asChuguClaGiafucuuGlgAfaacggsese 381
AD-68281.1 asgsgessAlgAfAfATszugUUCa8al 96 275 usUfsugaafcAfCfeuuuCfulfecccusgse 362
AD-68305.1 asgsucaulfgAfCTATagacaiiuggul2s 276 asCiscaallfgUiCiuuguCigafugacususy 393
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Table 2a. HAOY unmodified sequences (human and human/mouse)

Duplex SEQ D Position in
Name SEQ D NO: Sense strand sequence NOG: Antisense strand sequence NM_017545.2
AD-62933 | 394 GAAUGUGAAAGUCAUCGACAA 443 VUGUCGAUGATUIUUICACALUCUG 1072-10%4
AD-62939 | 395 UUUUCAAUGGGUGUCCUAGGA 444 UCCUAGGACACCCAUUGAAAAGU 1302-1324
AD-62944 296 GAAAGUCAUCGACAAGACALU 445 AAUGUCUUGUCGABGATIUUCAC 1078-1106
AD-62949 | 297 UCAUCGACAAGACAUUGGUGA 446 UCACCAAUGUCBUGUCGAUGACH 1083-1105
AD-62954 | 398 UUUCAAUGGGUGUCCUAGGAA 447 HUCCUAGGACACCCAUUGAAAAG 1303-1325
AD-62952 | 399 AAUGGGUGUCCUAGGAACCUY A48 AAGHUUCCUAGGACACCCABUGA 1307-1328
AD-62964 | 400 GACAGUGLACAAUAUUUULCA 449 UGGAAAAUALUGUGTACUGUC 1134-1156_C2148
AD-62969 | 401 ACULQUUCAAUGGGUGUCCUAA 450 UUAGGACACCCALU 13001322 _G21A
AD-62934 | 402 AAGUCAUCGACAAGACALIUGA 451 UCAAUGUCUUGUCGAUGACUUUIC 1080-13102_GZ1A
AD-62940 { 403 AUCGACAAGACAUUGGUGAGA 452 UCUCACCAAUGUCUUGUCGAUGA 1085-1107_GZ1A
AD-62945 | 404 GGRAGAAAGGUGUUCAAGAUA 453 UAUCUMGAACACCUUUCUICCCCC 986-1018_G214
AD-62950 | 405 CULUUCAAUGGHGUGUCCUAGA 454 ULUAGGACALLCAUUGAAAAGUC 1301-1323_G21A
AD-62955 | 406 UCAAUGGGUGUCCUAGGAACA 455 UGUUCCUAGGACACCCALUGAAA 1305-1227 _C21A
AD-62960 | 407 UUGACUUBUUCAAUGGGUGUCA 456 UGACACCCAUUGAAAAGUCAAAA 1207-1319 _C21A
AD-62965 | 408 AAAGUCAUCGACAAGACAUUA 457 UAAUGUCUUGUCGAUGACUUUCA 1075-1101_G21A
AD-62970 | 409 { AGAAAGGUGUUCAA 458 VUGAACACCUUBUCUTCCCIUGEA 992-1014
AD-62935 | 410 CAUUGGUGASGAAAAALCCUL 453 AAGGABUULUCTUCACCAAUGUC 1095-1117
AD-62941 | 411 ACAUUGGUGAGGAAAAALCCU 450 AGGAUUUUUCCUCACCAALGUCY 1094-1116
AD-62946 | 412 AGGGGGAGAAAGGUGUUCAAA 461 UUUGAACACCUHUUCUCCCCCUGS 993-1015 G21A
AD-62974 | 413 CUCAGGAUGAAAAAUUUUGAA 462 UUCAAAAUBUUBUCAUCCUGAGUY 563-585
AD-62978 | 414 CAGLAUGUABUACUUGACAAA 463 BUUGUCAAGUAAUACAUGCUGAA 1173-1165
AD-62982 | 415 UAUGAACAACAUGCUAAAUCA 464 UGAUUUAGCAUGUUGUUCAUBAU | 53-75

AD-62986 | 416 AUAUAUCCAAAUGUULIVAGGA 455 UCCUAAAACALJUUGGAUAUALUC 1675-1701
AD-62990 | 417 CCAGAUGGAAGCUGUAUCCAA 466 UUGGAUACAGCUUCCAUCUGGAA 156-178
AD-62994 | 418 GACULUCAUCCUGGAAAUAUA 457 UADAULUCCAGGAUGAAAGUCCA 1341-1363
AD-62998 | 419 CCCLGGCUAALUUGUAUCAAU 468 AULGAUACAAAUUAGCCGGGEEA 29-51

AD-63002 | 420 UUAAACAUGGCUUGAAUGGGA 459 UCCCAUUCAAGCCAUGUULAACA 765-787
AD-62975 | 421 AAUGUGUUUAGACAACGUCAL 470 AUGACGUUGUCHUAAACACAUUUU 388-1410
AD-62979 | 422 ACUAAAGGAAGAABUCCGGUL 471 AACCGGAAUUCUBCCUUUAGUAL 1027-1049
AD-52983 | 423 UAUABCCAAAUGUUUUAGEAU 472 AUCCUAAAACAUUUGGAUALAUU 1680-1702
AD-62987 | 424 GUGCGGABAGGCACUGAUGUU 473 AACAUCAGUGCCULBUCCGCACAC 902-924
AD-62991 | 425 UAAAACAGUGGUUCUUAAALU 474 AAUUUAAGAACCACUGHUUUUAAA 1521-15432
AD-62995 | 428 AUGAAAAAUUUUGAAACCAGU 475 ACUGGUUUCAAAABUUUUCAUCC 569-591
AD-62992 | 427 AACAAAAUAGCAAUCCCUUUY 476 AAAAGGGAUUGCUBAUBUIBGUUGS | 1264-1286
AD-63003 | 428 CUGAAACAGAUCUGUIGACUY 477 AAGUCGACAGAUCUSUBUCAGCA 195-217
AD-62976 | 429 UUGUUGCAAAGGGCAUULLGA 478 UCAAAAUGCCCUUUGTAACAAUU 720-742
AD-62980 { 430 CUCAUUGUUBUAUUAACCUGUA 479 UACAGGUUAAUAAACAAUGAGAU 1483-1505
AD-62984 | 431 CAACAAAAUAGCAALICCCULIY 480 AAAGGGABUGTUABLIBUGUUGGA | 1263-1285
AD-62992 | 432 CAUUGUUBAUUAACCUGUAUL 481 AAUACAEGUUAAUALACAAUGAG 1485-1507
AD-62996 | 433 UAUCAGLUGGGAAGAUAUCAA 482 BUGAUAUCUUCCCAGTUGAUAGA 570-692
AD-63000 | 434 UGUCCUAGGAACCUUUUAGAA 483 HUCUAAAAGGUUCCHAGGACACC 1313.1335
AD-63004 | 435 UCCAACAAAAUAGCAALICCCU 484 AGGGAUUGCUAULBUIGUUGGAAA | 1261-1283
AD-62977 | 436 GGUGUECGGAAAGGCALUGAL 485 AUCAGUGECCUBUCCGCACACCCC 802-021
AD-62981 | 437 DUGAAACCALUACUULABCAU 485 AUGAULAAAGUACUGGUUUCAAAL 579-601
AD-62985 | 438 UACUUCCAAAGUCUAUAUAUA 487 UAUAUAUAGACUUUGGAAGUALCU 75-97_G21A
AD-62989 | 439 UCCUAGGAACCUUUUAGAAAL 488 AUUUCUAAAAGGUUCCUAGGACA 1315-1337_G21U
AD-62993 | 220 CUCCUGAGGAAAABUIUUGGAA 489 UUCCAAAAULUUCCUCAGGAGAA 503-625_G214
AD-62997 | 4341 GCUCCGGAAUGUUGCUGAAAL 490 AUUUCAGCAACAUUICCGHEAGCAL 181-203_C21U
AD-63001 | 442 GUGUUUGUGGGHAGACCAAUA 497, UAUUGGUCUCTCCACAAAMIACAG 953-97
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Table 2b, HAOT unmodified sequences (mouse)

Duplex Position in

Name SEQID NO: | Sense sirand sequence SEQ D NO: | Antisense strand seguence NM_010403.2
AD-62851 | 492 AUGEUSGUAAUBLUGUGAULUY 514 AAAAUCACAABLBUALCACCAULL 1642-1664
AD-62956 | 493 GACUUGCAUCCUGGAAAUALIA 515 UAUAUUUCCAGGAUGCAAGUCCA 1338-1360
AD-62961 | 494 GGAAGGGAAGGUAGAAGUCUY sia AAGACUUCUACCUUCCCUUCCAC 864-886
AD-62866 | 495 UGBCUUCUGUUUAGANUBUCCY 517 AGGAAAUCUAAACAGAAGACAGG 1506-1528
AD-62971 | 498 CULUGGCUGULUUCTAAGALCUY 518 AGAUCUUGHAAACAGCCAAAGGA 1.309-1131
AD-62935 | 497 AAUGUGUUUGSGCAALGUCAU 519 AUGACGUUGCCCAAACACALLILU 1385-1407
AD-62942 | 498 UGUGACUGUGGACACCCCUUA 520 UAAGGGGUGUCCACAGUCACAAA 486-508
AD-62947 | 499 GALGGGGUGICAGCUACUALIU 521 AAUAGUAGCUGGLACCCCAULCA §14-836
AD-62852 500 GASAAUGUGUUUGGGECAALGU 522 ALGUUGCCCAAACACALULUCAS 1382-1404
AD-62957 501 GGCUGUUUCCAAGAUCUGACA 523 UGUCAGAUCUUGGAAACAGLCAA 1113-1135
AD-62962 502 UCCAACAAAAUAGCCACCCCY 524 AGGGGUGGCUAUUUUGHUGGAAA | 1258-1280
AD-62967 503 GUCUUCUGUUUAGAULUCCUU 525 AAGGAAAUCUAAACAGAAGACAG 1507-1529
AD-62972 504 UGGAAGGEAAGGUAGAAGUCY 526 AGACUUCUACCUUCCCUUCCACA 863-885
AD-62937 505 UCCUUUGGCUGUUUCCAAGAU 527 AUCUUGGAAACAGCCAAAGGAUY 1107-1129
AD-62943 506 CAUCUCUCAGCUGGGAUGAUA 528 UAUCAUCCCAGCUGAGAGAUGSG 662-684
AD-62948 507 GGGGEUGCCAGCUACUAUUGAU 529 AUCAAUAGUAGCUGGCACCCCAY 817-832
AD-62853 508 AUGUGUUUGGGCAACGUCALA 530 UAUGACGUUGCCCAAACACAULY 1386-1408 C21A
AD-62958 509 CUGUUBUAGAULUCTUUAAGAS 531 UUCUUAAGGAABUCUBAACAGAA 1512-1534 (214
AD-629563 510 AGAAAGAAAUGGACUUGLAUA 532 UAUGCAAGUCCAUUUCUUUCUAG 1327-1349 C21A
AD-629638 511 GCAUCCUGGAAAUAUAUUAAA 533 ULUUAAUAUAUUUCCAGGAUGCAA | 1343-1365 C21A
AD-62973 512 CCUGUCAGACCAUGGGAALZUIA 533 UAGUUCCCAUGGUCUGACAGECU 308-330_G21A
AD-62838 513 AAACAUGGUGUGGAUGGGAUA 535 AUCCATACCAUGUULAA 763-785_C21A
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Table 2¢: Additienal HAQT unmodified sequences
Positior in

Duplex Name SEQ 1D NO: Sense strand sequence SEQ D NO: Antisense strand sequence NM_017545.2
AD-62933.2 394 GAAUGUGAAAGUCAUCGACAA 443 HUGUCGAUGACUBUIUCACAUUCUG 1072-1094
AD-52939.2 395 UUUUCAAUGOGUGUTTUAGGA 444 UCCUAGGACACCCAUUGAAAAGY 1302-1324
AD-62944.2 396 GABAGUCAUCHGACAAGACALU 445 AAUGUCUUGUCGAUG ACULUCAL 3078-1100
AD-62942.2 397 UCAUCGACAAGACAULGGUGA 446 UCACCAAUGUCUUGUCGAUGALY 1083-1105
AD-62954.2 398 UUUCAAUGGGUGUCCUAGGAA 447 UUCCUAGGACACCCALUGAAAAG 1303-1325
AD-52959.2 399 AAUGEGUGUCCUAGGAACCUIU 448 AAGGUUCCUAGHACACCCALIUGA 1307-1329
AD-62964.2 400 GACAGUGCACAAUABUULCCA 443 UGEASAAUALUGUGTACUGUCAS 3134-31156_C21A
AD-52069.2 401 ACUULUCAAUGGGUGHUCCUAA 450 UBUAGGACACCCAULGAAMAAGUCA 1300-1322_G21A
AD-62934.2 402 AAGUCAUCGACAAGACAUUGA 451 UCAAUGUCUUGHUICGAUGACUULC 1080-1102_G21A
AD-62940.2 403 AUCGACAAGACAUUGGUGAGA 452 UCUCACCAAUGUCUUGUCGAUGA 1085-1107 G21A
AD-62945.2 404 GGGAGAAAGGUGUUCAAGAUA 453 UAUCUUGAACACCUUUCUICCCCC 8996-1018_G214A
AD-62950.2 405 CUBUUCAAUGGHUGUCCUAGA 454 UCUAGGACACCCABUGAAAAGUC 3301-1323_G21A
AD-52055.2 406 UCAAUGGGUGUCCUAGGAACA 455 UGUUCCUAGGACACCCALUGAAA 1305-1327 _C21A
AD-62960.2 407 ULUGACUUUUCAAUGGGUGUCA 456 UGACACCCAUUGAAAAGUCAAAA 1297-1318_C21A
AD-62965.2 408 AAAGUCAUCGACAAGACAUUA 457 UAALGUCUUGUCGAUGACUUUCA 1079-1101_G21A
AL-62970.2 409 CALRGHGGAGAMAGGUGUUCAA 458 BUGAACACCUBUUCUCCCCCUGEEA 992-1314
AD-62935.2 410 CAUUGGUGAGGAAAAAUCCUU 452 AAGGAUULUUCCUCACCAAUGUC 1095-1117
AD-62941.2 411 ACAUUGGUGAGGAAAAAUCCU 460 AGGAUUUUUCCUCACCAAUGUCH 1094-1116
AD-62946.2 412 AGGGGGAGAAAGGUGUUCAAA 461 UUUGAACACCUUUICUCCC UGS 8993-1015_G214A
AD-62974.2 413 CUCARGALUGAAAAAIUUUGAA 4652 VUCAAAAJUUUBCAUCCUGAGUD 5G3-585
AD-52078.2 414 CAGCAUGUAUUACULGACAAA 463 BUUGUCAAGUAAUACAUGCUGAA 1173-1195
AD-62982.2 415 UAUGAACAACAUGCUAAAUCA 464 UGAUBUUAGCAUGUUGUUCALAAL | 53-75
AD-62986.2 416 AUAUAUCCAAAUGUUUUAGGA 465 UCCUAAAACALIUUGGAUALAUUC 1679-1701
AD-628990.2 417 CCAGAUGGAAGCUGUAUCCAA 466 UUGGAUACAGTUUCCALICUGGAA 156-178
AD-62924.2 418 GACUUBCAUDTUGHAAMUAUA 4657 UAUAUUUCCAGGAUGAAAGUCCA 3341-1363
AD-52068.2 419 CCCCGQCUAAUUUGUAUCAAL 468 AUUGAUACAAALUAGCCGGGGGA 29-51
AD-63002.2 420 UUAAACAUGGCUUGAAUGGGA 462 UCCCAUUCAAGCCAUGUUUAACA 765-787
AD-62975.2 421 AAUGUGUUUAGACAAIGUCAL 470 AUGACGUUGUCUAAACACALULIU 1388-1410
AlL-52976.2 422 ACUASAGGAAGAAUULCGGUU 473 AAMCCEGAAUUCUBCCUBUAGUAL 1327-1049
AD-62983.2 423 UAUAUCCAAAUGUUULAGGAU 472 AUCCUABSAACALLUGGALAUAUU 1680-1702
AD-62987.2 424 GUGCGGAAAGGCACUGALIGUU 473 AACAUCAGUGCCUUUCCGCACAC 202-924
AD-52991.2 425 UAAAAMCAGUGGUUCUUAAAUL 47 AALUUAAGAACCACUGUUULAAA 1521-1543
AD-629585.2 426 AUGAAAAAUUUUGABACCAGY 475 ACUSGUUUCAAAAUUUUBCAU 569-591
Al-52966.2 427 AACAABAUIAGCAAUCCCUULIY 476 AAAAGHGALUUGCUABULUGUURG | 1264-1286
AD-63003.2 428 CUGAAACAGAUCUGUCGACUU 477 AAGUCGACAGAUCUGUUUCAGCA 195.217
AD-62976.2 429 HUGUUGCAAAGGGCALUUUGA 478 LHCAAAAUGCCCUBUGCAACAALIY 720-742
AD-62980.2 430 CUCAUUGUUUAUUAACCUGUA 79 UACAGGUUAAUAAACAALGAGAD 1483-150%
AD-62984.2 431 CAACAAAAUAGCAAUICCCUUY 480 AABSKGGAUUGCUAUUUUGUUGGA | 1263-1285
AD-H2062.2 432 CAUUGULUALUAACCUGUALU 481 AAUACAGGUUAAUBSAACAAUGAG 1485-150Q7
AD-62996.2 433 UAUCAGCUGGGAAGALIAUCAA 482 UUGAUVAUCUUCCCAGCUGAUAGA 670-692
AD-&63000.2 434 UGUCCUAGGAACCULULAGAA 483 HUCUAAAAGGUUCCUAGGACALT 1313-1335
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AL-63004.2 435 UCCAACAAAAUAGCAMICCCU 484 AGGGAUUGCUAVUUUGUUGGAAA | 1261-1282
AD-62977.2 436 GGUGUGCGGAAMAGGLACUGAU 4385 AUCAGUGECCUUCCGCACACCCC 899-921
AD-62081.2 437 UGAAACCAGUACUUUAUCAL 486 AUGAUAAAGUACUGGUUUCAAAA 579-601
AD-62885.2 438 UACUUCCAAAGUCUAUAUAUA 487 UAUAUAUAGACUUUGGAAGUACU 75-87 G21A
AD-G2088.2 438 UCCUAGGAACCUUUUIAGAAAD 488 AUDUCUAAAAGGUUCCUAGGACA 1315-1337 G210
Al-62963.2 440 CUCCUGAGGAAAALULUGGAA 489 UUCCAAAAUUUUCCUCAGGAMIAA 6503-625_G21A
AD-62927.2 441 GCUCCGGAAUGUUGCUGAAAU 420 181-203_C21U
AD-63001.2 442 GUGUUUGHGGGGAGACCAAUA 481 953-975 C21A
AD-62851.2 492 AUGGUGGUAAUUUGUIGALIULIU 514 AAAAUCACAAAUUACCACCAUCT 1642-1664
AD-62956.2 493 GACUUGCAUCTUGGAAALALS 515 UAUAUUUCCAGGAUGLAAGUCCA 1.338-1360
AD-52061.2 494 GGAAGGGAAGGUAGAAGUCLU 516 ALGACUUCUACCULCCCULCCAC 854-386

405 UGUCUHUCUGUUUAGAUUUCCU 517 AGGAAAUCUAAACAGAAGACAGG 1506-1528

496 CUUUGECUGUUUCCAAGAUCH 518 AGAUCUUGGAAACAGLTAAAGGA 1109-1131

497 AAUGUGUUUGGGCAADGUC AL 519 AUGADGULGCCCAAACACALULLY 1385-1407
AD-62942.2 408 520 UAAGGGGUGULCACAGUCACAAA 486-508
AD-62047.2 499 521 AAUAGUAGCUGGCACCCCAUCCA 8§14-834
AD-62852.2 500 GAAAAUGUGUUUGGGCAACGY 522 ACGUUGCCCAAACACAULIBLICAA 1382-1404
AD-62957.2 501 GGUUGUUUCCAAGAUCUGACA 523 UGUCAGAUCUUGGAAACAGCCAA 1113-1135
Al-62962.2 502 UCCAACAAAAUAGCCACCOCY 324 AGGOGUEGCUAUBUULGUUGEAAS | 1258-1280
AD-62967.2 503 GUCUUCUGUUUAGAUUUCCUU 525 AAGGASAUCUAAACAGAAGACAG 1507-1522
AD-62072.2 504 UGGAAGGGAAGGUAGAAGUICY 526 AGACUUCUACCUUICCCUUICCACA 863-885
AD-62937.2 S05 UCCUUUIGECUGUUUCCAAGAY 527 AUCUUGGAAACAGCCAAAGGALIY 1107-1129
AD-62943.2 506 CAUCUCUCAGCURGEAUGAUA 528 UAUCAULOCAGCUGAGAGAUGHG 662-684
AD-52048.2 507 GGGGUGCCAGCUACUAULGALS 529 AUCABUAGUAGCUGGCACCCCAL 817-83¢2
AD-62853.2 508 AUGUGUUUGGGCAACGUCAUA 530 UAUGACGUUGCCCAAACACAUUY 1386-1408 C21A
AD-62958.2 509 CUGUUUAGAUUUCCUUAAGAA 531 UUCLHUAAGGAAAUCUAAACAGAA 1512-1534 C21A
Al-62963.2 510 AGAAAGAAMIGGACUUGTAUA 332 UAUGCAAGUCCABUUCUUUCUAG 1327-1348_C21A
AD-62968.2 511 GCAUCCUGGAAAUAUAUUAAA 533 UUUAAUAUAULUCCAGGALGCAA 1243-1365_C21A
AD-62973.2 512 CCUGUCAGACCAUGGGAACUA 534 UAGUUCCCAUGGUCUGACAGGCU 308-330 G21A
AD-62938.2 513 AAACAUGGUGUGGALIGGGALIA 535 UAUCCCAUCCACACCAUGHIULIAA 763-785_C21A
AD-62933.1 536 GAAUGUGAAAGUCAULGACAA 653 VUGUCGAUGACUUUCACALUCUG 1072-10%4
AD-65630.1 537 GAAUGUGAAAGUCAUCGACAA 654 UUGUCGAUGACUUUCACAULICUG 1072-1004
AD-65636.1 538 GAAUGUGAAAGUCAUCGACAA (] UUGUCGAUGACUUUCACALUCUG 1372-1094
AD-65G42.1 539 GAAUGUGAAAGUCAULGEACAS 656 VUGUOGAUGACUUUCACAULCUS 1072-10%4
AD-65647.1 540 GAAUGUGAAAGUCAUCGACAA 657 VUGUCGAUGACUUUCACAULICUG 1372-1094
AD-65652.1 541 GAAUGUGAAAGUCAUCGACAA 658 UUGUCGAUGACUUUCACALUCUG 10721094
AD-65657.1 542 GAAUGUGAAAGUCAUCGACAA 658 UUGUCGAUGACULUCACAUUCUG 1072-1004

243 GAAUGUGAARSUCAUCGACAA 60 UUGUCGAUGACUUUCACALLUCUG 1372-1094

544 AUGUGAAAGUCAUCGALAA 661 VUGUCGAUGACUUUCACALUC 1072-10%4

545 AUGUGAAAGUCAUCGACAA 662 UUGUCGAUGACUUUCACAULIC 1072-1004

546 GAAUGUGAAAGUCAUCGACAA 663 UUGUCGAUGACUUUCACALUCUG 1372-1094
AD-65643.1 547 GAAUGUGAAAGUCAUCGACAA 664 UUGUCGAUGACULUCACAUUCUG 1072-1004
Al-65648.1 248 GAAUGUGAARSUCAUCGACAA 663 UUGUCGAUGACUUUCACALLUCUG 1372-1094
AD-65653.1 549 GAAUGUGAAAGUCAULGACAA 666 VUGUCGAUGACUUUCACALUCUG 1072-10%4
AD-65658.1 550 GAAUGUGAAAGUCAUCGACAA 667 UUGUCGAUGACUUUCACAULICUG 1072-1004
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Al-65663.1 551 GAAUGUGAARSUCAUCGACAA 668 UUGUCGAUGACUUUCACALLUCUG 1372-1094
AD-65626.1 552 GAAUGUGAAAGUCAULGACAA 6682 VUGUCGAUGACUUUCACALUCUG 1072-10%4
AD-65638.1 553 GAAUGUGAAAGUCAUCGACAA 670 VUGUCGAUGACUUUCACAULICUG 1072-1004
AD-65644.1 554 GAAUGUGAAAGUCALICGACAA 671 UUGUCGAUGACUUUCACALUCUG 10721094
AD-65645.1 555 GAAUGUGAAAGUCAUCGACAA 672 UUGUCGAUGACULUCACAUUCUG 1072-1004
Al-65654.1 556 GAAUGUGAARSUCAUCGACAA 73 UUGUCGAUGACUUUCACALLUCUG 1372-1094
AD-656583.1 557 GAAUGTGAAAGUCAUCGALAA 674 VUGUCGAUGACUUUCACALUCUG 1072-10%4
AD-65627.1 558 GAAUGUGAAAGUCAUCGACAA 675 UUGUCGAUGACUUUCACAULICUG 1072-1004
AD-65633.1 559 GAAUGTGAAAGUCAUCGACAA 676 UUGUCGAUGACUUUCACALUCUG 1372-1094
AD-65G38.1 560 GAAUGUGAAAGUCAULGEACAS 677 VUGUOGAUGACUUUCACAULCUS 1072-10%4
AD-55645.1 561 GAAUGUGAAAGUCAUCGACAA 678 VUGUCGAUGACUUUCACAULICUG 1372-1094
AD-65650.1 562 GAAUGUGAAAGUCAUCTACAA 679 UUGUCGAUGACUUUCACALUCUG 10721094
AD-G5655.1 563 GAAUGUGAAAGUCAUCACAA 680 UUGUCGAUGACULUCACAUUCUG 1072-1004

564 GAAUGUGAAAGUCATOTALAA 681 UUGUCGAUGACUUUCACALLUCUG 1372-1094
AD-65665.1 565 GAAUGUGAAAGUCAULGACAA 6382 VUGUCGAUGACUUUCACALUCUG 1072-10%4
AD-65628.1 566 GAAUGUGAAAGUCAUCTACAA 683 VUGUCGAUGACUUUCACAULICUG 1072-1004
AD-65634.1 567 GAAUGUGAAAGUCALICACAA 684 UUGUCGAUGACUUUCACALUCUG 10721094
AD-65646.1 568 GAAUGUGAAAGUCAUCGACAA 685 UTGUCGAUGACUUTCACAUUCUG 1072-1004
Al-65656.1 562 GAAUGUGAARSUCAUCGACAA &8 UUGUCGAUGACUUTCACAUUCUS 1372-1094
AD-65661.1 570 GAAUGUGAAAGUCAULGACAA 637 UTGUCGAUGACUUTCACAULICUG 1072-10%4
AD-65666.1 571 GAAUGUGAAAGUCAUCGACAA 688 UUGUCGAUGACUUTCACALIUCUG 1072-1004
AD-65629.1 572 GAAUGUGAAAGUCAUCGACAA 689 UTGUCGAUGACULITCACABUCUG 1372-1094
AD-65G35.1 GAAUGUGAAAGUCAULGEACAS 630 UTGUCGALGACUUTCACAUUCUG 1072-10%4
AD-65641L.1 574 GAAUGUGAAAGUCAUCGACAA 691 UTGUCGAUGACUUTCACALUCUG 1372-1094
AD-62524.1 575 GACUUUCAUCCUGGAAAUALIA 622 UAUAUUUCCAGGAUGAAAGUCCA 1341-1363
AD-65585.1 576 GACUUUCAUCCUGGAAAUAUA 683 UAUAUUUCCAGGALIGAAAGUCCA 1341-1363

77 GACULUCAUCCUGGAAAUAUA 694 UAUAUUUCCAGEAUGAAAGUICA 1341-1362

578 GACUUUCAUCCIUGGAAAUAUA 625 UAUAUUUCCAGGAUGAAAGUCCA 1241-1363

579 GACUUUCAUCCUGGAAAUAUA 686 UAUAUUUCCAGGAUGAAAGUCCA 1341-1363
AD-65620.1 S8R0 GACUUUCAUCCUGGAAAUAUA eoy UAUAUVUUCCAGGAUGAAAGUCCA 1341-1363
AD-65584.1 581 CUUUCAUCCUGGAAAUAUA 688 UAUAUUUCCAGGALIGAAAGUC 1341-1361
Al-65580.1 582 CUUUCAUCCUGGAABUAUA 699 BAUAUUUCCAGRAUGAAAGUL 1341-1361%
AD-65526.1 583 GACUUUCAUCCUGGAAAUAUA 700 UAUAUUUCCAGGAUGAAAGUCCA 1241-1363
AD-6560L.1 584 GACUUUCAUCCUGGAAAUAUA 701 UAUAUUUCCAGGAUGAAAGUCCA 1341-1363
AD-65606.1 S85 GACUUUCAUCCUGGAAAUAUA 702 UAUAUUUCCAGGAUGAAAGUCCA 1341-1363
AD-G5G1E. L 586 GACUUDCAUCTUGGAAADAUA 703 UAUAUUUCCAGGAUGAAAGUCCA 1.241-1363
AD-55616.1 587 GACUHJUCAUCCUGGAAAUAUA 704 UAUAUUUCCAGGAUGAAAGULCA 1341-1362
AD-65621.1 588 GACUUUCAUCCUGGAAAUALIA 705 UAUAUUUCCAGGAUGAAAGUCCA 1341-1363
AD-G5585.1 589 GACUUUCAUCCUGGAAAUAUA 706 UAUAUUUCCAGGALIGAAAGUCCA 1341-1363
Al-65581.1 520 GACULUCAUCCUGGAAAUALA 707 UAUAUUUCCAGEAUGAAAGUICA 1341-1362
AD-65527.1 591 GACUUUCAUCCUGGAAAUAUA 708 UAUAUUUCCAGGAUGAAAGUCCA 1241-1363
AD-65602.1 592 GACUUUCAUCCUGGAAAUAUA 708 UAUAUUUCCAGGAUGAAAGUCCA 1341-1363
AD-65607.1 593 GACUUUCAUCCUGGAAAUALIA 710 UAUAUUUCCAGGAUGAAAGUCCA 1341-1363
AD-65612.1 584 GACUUUCAUCCUGGAAAUAUA 711 UAUAUUUCCAGGALIGAAAGUCCA 1341-1363
Al-65622.1 295 GACULUCAUCCUGGAAAUALA 712 UAUAUUUCCAGEAUGAAAGUICA 1341-1362
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UAUAUUUCCAGRAUGAAAGULCA

1341-1362

AD-65522.1

UAUAUUUCCAGGAUGAAAGUCCA

GACUUUCAUCCUGGAAAUAUA

UAUAUUUCCAGGAUGAAAGUCCA

AD-65603.1

GACUUUCAUCCUGGAAAUALIA

UAUAUUUCCAGGAUGAAAGUCCA

AD-G5608.1

GACUUUCAUCCUGGAATUALIA

UAUAUUUCCAGGALIGAAAGUCCA

1341-1363

Al-65613.1

GACUBUCAUCCUGGAAUALA

UAUAUUUCCAGRAUGAAAGULCA

1341-1362

AD-65618.1

 ACUUUCAUCCUGGAATUAUA

UAUAUUUCCAGGAUGAAAGUCCA

1241-1363

GACUUUCAUCCUGGAATUAUA

UAUAUUUCCAGGAUGAAAGUCCA

1341-1363

GACUUUCAUCCUGGAAAUAUA

UAUAUUUCCAGGAUGAAAGUCCA

1341-1363

AD-65523.1

GACUUTCADCCUGGALAUAUA

UAUAUUU

MGG AUGAAAGUCCA

1.241-1363

AD-553584.1

UAUAUUUCCAGGATGAAAGUCCA

1341-1362

AD-65604.1

UAUAUUUCCAGGATGAAAGUCCA

1341-1363

AD-G5608.1

1341-1363

1341-1362

AD-656182.1

AD-65624.1

GACUUUCAUCCUGGAAAUAUA

AD-65588.1

UAUAUTUCCAGGATGAAAGUCCA

AD-65584.1

GACUUUCAUCCUGGAANAUAUA

UAUAUUUCCAGGATGAAAGUCCA

1341-1363

Al-68304.1

AGAAAGGUGUUCAAGAUGUCA

UGACAUCUUGAACACCULIUCUCC

1331-1022_C21A

AD-68303.1 CAUCCUGGAAALAUAUUAACY AGUUAAUABAULUCCAGGAUGAA 1249-1370
AD-65626 GAAUGUGAAAGUCAUCGACAA UUGUCGAUGACUUUCACAULICUG 1072-1004

AGUGCACAAUAULIUUCCCAUA

UAUGGGAAAAUAUUGUGCACUGY

1139-1160_C21A

AD-68273.1

GAMAGUCAUCGACAAGACALY

AAUGUCUUGUCGAUGACULUCAT

1080-1100

AD-68287.1

AAUGUGAAAGUCAULGACALA

VUUGUCGAUGACUUUCACALIICU

1075-1096_G21A

AD-68287.1

CUGGAAABAUALUAACUGHUIUA

UAACAGUUAAUAUAULIUCCAGGA

1353-1374

AD-GR300.1

AUBULCCCAUCUGUAUUAULIU

AAAUAAUACAGAUGGGAAAAUAU

1149-1170

Al-68306.1

UGULGUUCUUUUBCCAACAAAA

BUULGBUGGALMAGAACGACALL

AD-68222.1

AUCCUGGAAAUAUAUUAACUA

bt

UAGUUAAUAUAUUUCCAGGAUGA

AD-682982.1

GCAUUUUGAGAGGUGAUGAUA

UAUCAUCACCUCUCAAAALGCCC

AD-68277.1

CAGGGGGAGAMAGGUGUUCAA

UUGAACACCULIUCUICCCCCUGGEA

894-1014

AD-GR288.1

GGAAAUAUAUUAACUGUUAAA

UUUAACAGUUAAUAUAUUBUICCAG

1355-1376

AlL-68272.1

CAUUGGUGAGGAMAAUCLUU

ALGGAUUUUUCCUCACCAAUGUT

1397-1147

AD-68282.1

GGGAGAAAGGUGUUCAAGAUA

UAUCULGAACACCULUCUCC

998-1018 G21A

AD-68285.1

GGCAUUUUGAGAGGUGALIGAL

AUCAUCACCUCHUCAAAAUGCCCU

733-754

AD-68280.1

UACAAAGGGUGUICGUUCUULY

AAAAGAACGACACCCUBUIGUAUY

1243-1264

AD-68226.1

UGGGAUCUUGSUGUCGAAULA

UGAUUCEACACCAAGAUCCCALYU

783-804

AD-68288.1

O

UGACAGUGCACAAUAUUUUA

UAASAUAUUGUGCACUGUCAGAU

1134-1155_C21A

AD-68288.1

CAGUGCACAAUAULIUUCCCAL

AUGGGAAAAUALIUGUGCACUGUC

1138-115%

AD-GR275.1

CUUUUCAAUGGHUGUCCUAA

..
b

UUAGGACACCCAUUGAAAAGUCA

1302-1322 G21A

Al-68274.1

ACAUUGGUGAGGAAAAALCCU

ASGAUUDUUCCUCACTAAUGUCH

1396-111e

AD-68224.1

UUGCUUUUGACUUUUCAAUGA

UCAUUGAAAAGUCAAAAGCAAUG

1293-1314_G21A

AD-68302.1

UCAUCAUCACCUCUCAAAALIGCC

735-756_C21A

AD-68278.1

UUGACUBUUCAAUGGGUGUCA

UGACACCCAUUGAAAAGUCAAAA

1299-1318_C21A

AD-6R304.1

CGACUUCUGUUUUAGGACAGA

UCUGUCCUAAAACAGAAGUCGAC

212-233

Al-68286.1

CUCUGAGUGGEUSCCAGAAUA

UAUUCUGGECACCCACUCAGAGCT

1358-1079_G214
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Al-68281.1 G641 GGGUGLCAGAALGUGABAGUA 738 UACUUUCACAUUCUGECACCCAC 1366-1087_C21A
AD-68283.1 542 UCAAUGGGUGUCIUAGGAALA 752 UGUULLUAGGACACCLAUUGAAA 1207-1327 C21A
AD-68280.1 543 AAAGUCAUCGACAAGACAUUA 760 UAAUGUCUUGUCGAUGACULIUCA 1081-1101_G21A
AD-68223.1 644 AULUUUGAGAGGUGAUGAUGCA 761 UGCAUCAUCACCUCUCAAAAULGC 736-757 C21A
AD-GR276.1 545 AUCGACAAGACABUGGUGAGA 762 UCUCACCAAUGUCHUGUCGAUGA 1087-1107 G21A
Al-68308.1. G646 GGUIECCAGAAUGUGAAAGUCA 762 UGACUUBCACAUUCUSGCALLCA 1367-1088
AD-68278.1 547 GACAGUGCACAAUALIUUUCCA 764 UGGAAAAUAUUGUGLACUGUCAG 1136-1156_C21A
AD-68207.1 548 ACAAAGAGACACUGUGCAGAA 765 VUCUGCACAGUGUCHUICUUUGUCA 1191-1212 G21A
AD-68284.1 49 UUUUCAAUGGGUGUCTUAGGA 766 UCCUAGGACACCCAUUGAAAAGU 1304-1324
AD-GR301.1 550 CCGUUUCCAAGAUCUGACAGU 757 ACUGUCASAUCUUGGAAACGELC 1121-1142
AD-68281.1 651 AGGGGGAGAAMAGGUGUUCAAA 768 VUUGAACACCUUUCUCCLLIUGE 205-1015 _G21A
AD-68305.1 652 AGUCAUCGACAAGACAUUGGU 769 ACCAAUGUCUUGUCGAUGACUIUL 10821104
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Example 2. fx vitro single dose sereen in primary monkey hepatocytes.

The modified and conjugated HAOT siRNA duplexes were evaluated for efficacy by
transfection assays n primary monkey hepatocytes. HAOT siRNAs were transfected at two
doses, 10nM and 0.1aM. The results of these assays are shown in Table 3 and the data are
expressed as a fraction of the message remaining in cels transfected with siRINAs targeting
HAQO1, relative to cells transfocted with a negative control stRNA, AD-1955 £ the standard
deviation (3D

The results are also shown fo Figare 3A. Figure 3B illustrates a dose response with
one of the most active conjugates (#31) (AD-62933) from the primary two dose screen; the

IC50 was ~19pM.

Table 3a. HAO single dose screen in monkey hepatocytes.

10nM 3.4nhM S0 10nM S OAnM
DUPLEX D | Species PCH PCH PCH PCH
AD-62974 Hs 5.3 29.8 1.87 1111
AD-62875 Hs 7.6 31.3 0.34 1.99
AD-62976 Hs 4.7 35.5 0.34 13.90
AD-52877 Hs 29.2 66.9 8.33 43,88
AD-62878 Hs 3.8 4.9 0.15 4.29
AD-62979 Hs 27.5 80.7 1.35 19.58
AD-62980 Hs 7.4 32.2 1.26 1.42
AD-62981 Hs 187 43.9 3.46 12.83
AD-52882 Hs 2.2 8.5 0.10 7.7%
AD-62983 Hs 18.4 41.0 11.19 £.60
AD-62984 Hs 6.7 13.3 1.05 2.60
AD-62985 Hs 2.3 8.3 0.24 2.68
AD-622806 Hs 38.0 57.2 3.82 16,31




PCT/US2015/054881

WO 2016/057893
AD-62987 Hs 115 17.8 14.62 15.3%
AD-62989 Hs 10.6 34.2 2.23 2.68
AD-62990 Hs 12.0 184 .11 5.23
AD-62991 Hs 7.2 14.2 1.30 2.96
AD-629492 Hs 3.8 16.0 115 1.80
AD-62993 Hs 22.3 58.4 9.91 6.28
AD-62994 Hs 3.2 10.8 1.2% 1.69
AD-562995 Hs 5.5 17.6 458 3.25
AD-62996 Hs 3.4 20,7 2.18 3.73
AD-62997 Hs 4.5 24.2 0.67 3.32
AD-62998 Hs 4.3 14.7 0.49 0.29
AD-62999 Hs 114 15.5 123 2.50
AD-63000 Hs 455 80.6 13.41 43.49
AD-63001 Hs 13.3 31.0 0.20 2.13
AD-63002 Hs 6.5 22.0 0.26 5.75
AD-63003 Hs 36.8 51 47.09 0.60
AD-63004 Hs 12.7 35.4 1.55 9.42
AD-62933 Hs/Mm 5.8 13.4 0.71 0.13
AD-62934 Hs/Mm 52.2 35.9 6.64 5.08
AD-62935 Hs/Mm 7.7 22.7 1.53 4.97
AD-562839 Hs/Mm 25.1 43.0 G9.48 2.88
AD-623840 Hs/Mm 11.8 50.4 4,12 13.81
AD-62941 Hs/Mm 9.6 30.3 7.28 3.1%
AD-62944 Hs/Mm 8.0 185 1.40 5.63
AD-62945 Hs/Mm 22.9 36.5 17.16 13.81
AD-62946 Hs/Mm 19.3 29.5 15.25 1.74
AD-62949 Hs/Mm 34,1 84.2 1811 18.42
AD-62950 Hs/Mm 12.7 36.2 5.69 6.54
AD-62954 Hs/Mm 46.0 53.2 37.57 1061
AD-62955 Hs/Mim 24.6 36.0 0.97 16.36
AD-62959 Hs/Mm 32.3 37.4 12.45 12.08
AD-62960 Hs/Mm 18.% 37.5 212 3.12
AD-62964 Hs/Mm 16.2 52.4 5.59 22.40
AD-62965 Hs/Mm 185 34.5 3.77 22.38
AD-62969 Hs/Mm 117 34.0 0.17 12.55
AD-62970 Hs/Mm 13.6 21.2 1.13 5.85
AD-62936 M 91.3 55.6 16.03 0.27
AD-62937 Mim 45.8 777 22.77 47.01
AD-562938 Mm 78.3 55.1 84.81 2.70
AD-62942 Mm 18.8 217 7.34 2.00
AD-62943 Mm 6.7 31.0 0.79 7.22
AD-62947 M 27.9 82.0 14.01 2.01
AD-62248 Mim 21.9 52.5 £.56 21.0%
AD-62951 Mm 401 77.4 8.76 3.03
AD-62852 Mm 33.7 69.9 17.76 171

3
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AD-62953 Mm 79.9 65.1 96.61 22.79
AD-62956 Mm 7.6 164 1.01 12.39
AD-62857 M 6.7 21.3 (.99 3.02
AD-62958 Mim 38.9 54.4 21.66 28.39
AD-62961 Mm 35.3 £6.0 0.35 24.65
AD-62962 Mm 70.7 63.7 2117 26.36
AD-62963 Mm 35.1 66.5 35.49 9.42
AD-562866 Mm £9.0 100.3 17.07 3.44
AD-62967 Mm 80,7 1167 22.01 47,77
AD-62968 Mm 46.3 72.2 28.37 67.08
AD-62971 M 17.9 46.3 1.23 2341
AD-62972 Mim 75.6 122.9 24.75 18.00
AD-62973 Mm 162.8 73.9 22.48 14.39

Table 3b. Additieonal HAQI single dose sereen in primary monkey hepatocytes.

10nM 0.1nd S$D 10nM S0 8.InM
DUPLEX D | Species PCH PCH PCH PCH
AD-62974.2 Hs 5.3 29.8 1.87 11113
AD-62975.2 Hs 7.5 31.3 0.34 1.89
AD-62976.2 Hs 4.7 355 0.34 13.90
AD-62977.2 Hs 28.2 66.9 8.32 43.88
AD-62978.2 Hs 3.8 8.9 Q.15 4,28
AD-62979.2 Hs 27.5 80.7 1.35 19.58
AD-62980.2 Hs 7.4 32.2 128 1.42
AD-62981.2 Hs 18.7 439 3.46 12.83
AD-62982.2 Hs 2.2 2.5 0.10 7.7%
AD-62983.2 Hs 19.4 41.0 11.19 6.60
AD-G2034.2 Hs 6.7 13.3 1.05 2.60
AD-62985.2 Hs 2.3 4.3 0.24 2.68
AD-62986.7 Hs 39.0 57.2 3.82 1631
AD-62987.2 Hs 11.5 17.8 14.62 15.38
AD-62989.2 Hs 10.6 34.2 2.23 2.68
AD-629580.2 Hs 12.0 184 .11 5.23
AD-62981.2 Hs 7.2 14.2 1.30 2.96
AD-62992.2 Hs 3.9 16.0 1.15 1.80
AD-62993.2 Hs 22.3 58.4 9.91 6.28
AD-62984.2 Hs 3.2 10.8 12% 1.69
AD-62995.2 Hs 5.5 17.6 458 3.25
AD-62996.2 Hs 3.4 20.7 216 3.73
AD-62997.2 Hs 4.5 24.2 0.67 3.32
AD-62998.2 Hs 4.3 14.7 0.49 0.23
AD-62989.2 Hs 11.4 15.5 1.23 2.50
AD-63000.2 Hs 455 0.6 13.4%1 43.49
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AD-63001.2 Hs 13.3 31.0 0.20 2.13
AD-63002.2 Hs 6.5 22.0 0.26 5.75
AD-63003.2 Hs 36.8 51 47.09 0.60
AD-63004.2 Hs 12.7 35.4 1.55 9.42
AD-62833.2 | Hs/Mm 5.8 13.4 0.71 0.13
AD-62934.2 | Hs/Mm 52.2 35.9 6.64 5.08
AD-62835.2 | Hs/Mm 7.7 22.7 1.53 4.97
AD-62939.2 | Hs/Mm 25.1 43.0 G9.48 2.88
AD-62840.2 | Hs/Mm 11.8 50.4 4,12 13.81
AD-62941.2 | Hs/Mm 9.6 30.3 7.28 3.1%
AD-62944.2 | Hs/Mm 8.0 185 1.40 5.63
AD-62845.2 | Hs/Mm 22.9 36.5 17.16 13.81
AD-62846.2 | Hs/Mm 19.3 29.5 15.25 1.74
AD-62849.2 | Hs/Mm 34,1 84.2 18.11 18.42
AD-62950.2 | Hs/Mm 12.7 36.2 5.69 6.54
AD-62954.2 | Hs/Mm 46.0 53.2 37.57 1061
AD-62855.2 | Hs/Mm 24.6 36.0 0.97 16.36
AD-62859.2 | Hs/Mm 32.3 37.4 12.48 12.08
AD-62960.2 | Hs/Mm 18.% 37.5 212 3.12
AD-62864.2 | Hs/Mm 16.2 52.4 5.59 22.40
AD-62965.2 | Hs/Mm 185 34.5 3.77 22.38
AD-62869.2 | Hs/Mm 117 34.0 0.17 12.55
AD-62970.2 | Hs/Mm 13.6 21.2 1.13 5.85
AD-62936.2 M 91.3 55.6 16.03 0.27
AD-62937.2 Mm 45.8 7.7 2277 47.01
AD-62938.2 Mm 78.3 55.1 8.81 2,70
AD-62942.2 Mm 18.8 217 7.324 .00
AD-62943.7 Mm 6.7 31.0 0.79 7.22
AD-62947.2 M 27.9 82.0 14.01 2.01
AD-62948.2 Mim 21.9 52.5 £.56 21.0%
AD-62951.2 Mm 401 77.4 8.76 3.03
AD-62852.2 Mm 33.7 69.9 17.76 171
AD-62853.2 Mm 79.9 65.1 $6.51 22.79
AD-62956.2 Mm 7.6 164 1.01 12.39
AD-62957.2 Mm 6.7 21.3 (.85 3.02
AD-62958.2 Mm 38.9 54.4 21.66 28.39
AD-62961.2 M 35.3 66.0 (.35 24.65
AD-62962.2 Mim 70.7 63.7 21.17 26.36
AD-62963.2 Mm 351 66.5 35,43 9.42
AD-62966.2 Mm 69.0 1060.3 17.07 3.44
AD-62967.2 Mm 90.7 116.7 22.0% 47,77
AD-62968.2 M 46.3 72.2 28.37 67.08
AD-62971.2 Mim 17.9 46.3 123 2341
AD-62972.2 Mm 75.6 1228 24,75 18.00
AD-62973.2 Mm 162.8 73.9 22.49 14.3%
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Example 3. fn vitro Single Dose Screen in Primary Mouse Hepatooytes.

The modified and conjugated HAQOT siRNA duplexes were evaluated for cfficacy by
transtection assays m primary mouse hepatocyies. HAGT siRNAs were transfected at two
doses, 20 oM and 0.2 oM. The results of these assays are shown in Table 4 and the data are
cxpressed as a fraction of the message remaining in celis transfected with siRNAs targeting
HAO1, relative to cells transtected with a negative control siRNA, AD-1955 £ the standard

deviation (SD},

Table 42. HAQO! Single Dose Screen in Primary Mouse Hepatocytes.

20nM 0.2ni 5D 20nM 5D 0.2nM

DUPLEX ID Species PMH PiiH PV PMIH
AD-62574 Hs 15 115 0.3 8.5

AD-62975 Hs 6.2 24.5 1.9 184
AD-62976 Hs 3.3 60.0 3.9 7.9

AD-62977 Hs 69.1 106.9 443 18.3
AD-62978 Hs 30.0 453 26.0 27.3
AD-62979 Hs 5.7 58,5 45.6 43.4
AD-629580 Hs 65.4 89.5 68.9 28.3
AD-62981 Hs 65.8 83.3 31.9 23.7
AD-62982 Hs 86.6 67.0 92.1 65.5
AD-62983 Hs 41.5 163.6 61.3 £3.0
AD-62984 Hs 13.5 51.8 1.2 37.7
AD-62985 Hs 53.8 37.7 38.1 26.3
AD-62986 Hs 138.5 153.4 140.7 118.6
AD-62987 Hs 33.0 99.6 44.9 1107
AD-6298% Hs 17.1 2.2 23.1 1.6

AD-62990 Hs 4.3 46.3 4.6 46.4
AD-625951 Hs 125.2 1626 1119 2.9
AD-62992 Hs 64.7 65.6 67.8 55.8
AD-62993 Hs 83.8 79.0 63.0 22.2
AD-62994 Hs 1.9 5.4 1.5 0.2

AD-629595 Hs 2.9 17.4 1.8 138
AD-62986 Hs 49.3 61.4 43.6 49.9
AD-62997 Hs 6.2 83.4 18.1 457
AD-62998 Hs 73.5 86.7 71.5 69.4
AD-62959 Hs 38.7 50.0 28.5 22.7
AD-63000 Hs 27.3 56.6 26.1 41.4
AD-63001 Hs 56.6 83.8 52.9 13.5
AD-63002 Hs 841.6 74.2 67.4 70.5
AD-63003 Hs 46.4 47.7 42.4 21.4
AD-63004 Hs 28.6 &64.5 17.0 445
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AD-62933 Hs/Mm 1.1 4.5 0.5 4.0
AD-62934 Hs/Mm 7.6 43.4 0.6 32.6
AD-62935 Hs/Mrn 1.3 7.0 0.3 3.4
AD-62939 Hs/Mm 6.1 21.4 2.2 14.5
AD-62940 Hs/Mm 6.0 16.9 1.4 3.8
AD-62941 Hs/Mm 5.6 8.5 3.9 6.3
AD-52944 Hs/Mm 3.3 4.3 2.9 4.5
AD-62945 Hs/Mm 6.4 7.0 1.0 7.2
AD-62946 Hs/Mm 183 21.4 18.2 21.1
AD-62949 Hs/Mm 1.4 43.7 8.9 38.3
AD-62950 Hs/Mrn 9.9 21.9 4.7 20.8
AD-52954 Hs/Mm 9.4 65.5 0.2 64.3
AD-62955 Hs/Mm 5.8 218 5.5 5.8
AD-6295% Hs/Mm 4,2 9.6 1.8 5.3
AD-62960 Hs/Mm 5.4 10,1 3.8 2.5
AD-62564 Hs/Mrn 3.7 21.2 0.9 12.7
AD-62965 Hs/Mm 8.0 20.8 53 23.5
AD-62969 Hs/Mm 6.4 4.7 3.8 5.1
AD-62970 Hs/Mm 18.6 5.2 14.6 6.1
AD-62936 Mm 7.0 17.5 0.1 $.9
AD-62937 Mm 4.0 16.9 0.8 16.2
AD-62938 Mm 4.0 48.1 0.7 42.4
AD-62542 Mm 3.4 4.9 1.2 5.3
AD-62943 Mm 3.8 149 2.2 106
AD-62947 Mm 10.9 6.4 9.6 16
AD-62948 Mm 6.7 18.7 6.9 15.8
AD-62951 Mm 8.1 11.8 8.6 145
AD-62852 Mm 8.4 23.2 10.1 29.2
AD-62953 Mrm 11.3 16.3 13.7 12.1
AD-62956 Mim 2.2 3.3 1.8 1.6
AD-62957 Mm 3.2 22.5 3.1 20.0
AD-62958 Mm 7.5 16.0 5.8 13.2
AD-62961 Mm 4.3 6.9 2.8 5.6
AD-62962 Mm 17.1 42.4 14.2 495
AD-62963 Mm 2.3 10.8 0.6 8.3
AD-62966 Mm 5.7 116 5.8 5.6
AD-62967 Mm 3.8 21.7 2.0 23.0
AD-62968 Mim 3.5 9.4 0.3 3.0
AD-62971 Mm 4.6 3.1 5.0 2.7
AD-62972 Mm 13.8 22.7 17.0 24.9
AD-62973 Mm 19.3 51.9 19.7 21.9

2
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Table 4B, Additienal HAQO1 Single Diose Screen in Primary Mouse Hepatocytes.

20nhd 0.2ndd B 20aM SB 8.20M

BUPLEX ID Species senseQligoName PAAH PRH PRH PRIH
AD-62874.2 Hs A-126176.1 1.5 115 0.3 8.5

AD-82975.2 Hs A-126192.1 5.2 245 1.8 19.4
AD-62876.2 Hs A-126208.1 8.3 60.0 3.9 7.9

AD-62877.2 Hg A-126224.1 69.1 106.3 43.8 183
AD-62578.2 Hs A-126178.1 30.0 46.3 260 27.3
AD-62978.2 Hs A-126134.1 50.7 59.5 45.6 43.4
AD-62880.2 Hg A-126210.1 65.4 89.5 58.9 258.3
AD-62981.2 Hs A-126226.1 65.8 83.3 319 237
AD-62882.2 Hs A-126180.1 86.6 67.0 92.1 65.5
AD-62983.2 Hs A-126196.1 1.5 102.6 61.3 68.0
AD-62984.2 Hs A-126212.1 135 51.8 1.2 37.7
AD-62885.2 Hg A-126228.1 53.8 37.7 38.1 26.3
AD-62988.2 Hs A-126182.1 138.5 153.4 140.7 119.6
AD-62887.2 Hs A-1261398.1 39.0 99.6 44.9 110.7
AD-82983.2 Hs A-126230.1 171 2.2 231 1.6

AD-629%0.2 Hs A-126184.1 4.3 45.3 4.6 464
AD-62881.2 Hg A-126200.1 1252 102.6 1113 82.9
AD-625%2.2 Hs A-126216.1 64.7 65.6 67.8 55.8
AD-62993.2 Hs A-126232.1 83.8 79.0 63.0 22.2
AD-6285%4.2 Hg A-126186.1 1.9 5.4 1.5 0.2

AD-62885.2 Hs A-126202.1 2.9 17.4 1.8 i3.8
AD-62886.2 Hs A-126218.1 49.3 61.4 43.6 49.9
AD-82997.2 Hs A-126234.1 80.2 83.4 19.1 457
AD-62998.2 Hs A-126188.1 73.5 86.7 715 69.4
AD-62998.2 Hs A-126204.1 38.7 50.0 285 227
AD-63000.2 Hs A-126220.1 27.3 586.6 261 414
AD-63001.2 Hs A-126236.1 56.6 83.8 52.9 13.5
AD-83002.2 Hs A-126190.1 1.6 74,2 67.4 70.5
AD-63003.2 Hs A-126206.1 46.4 47.7 42.4 214
AD-63004.2 Hg A-126222.1 28.6 4.5 7.0 44.5
AD-62533.2 Hs/Mm A-126084.1 1.1 4.6 0.5 4.0

AD-62934.2 Hs/Mm A-126110.1 7.6 43.4 0.6 32.6
AD-62835.2 Hs/Mm A-126126.1 1.3 7.0 0.3 3.4

AD-62938.2 Hs/Mm A-126086.1 6.1 21.4 2.2 145
AD-62840.2 Hs/Mm A-126112.1 8.0 16.9 1.4 3.8

AD-82941.2 Hs/Mm A-126128.1 5.6 8.5 3.9 8.3

AD-62944.2 Hs/Mm A-126098.1 33 4.3 2.3 4.5

AD-62845.2 Hs/Mm A-126114.1 8.4 7.0 1.0 7.2

AD-625946.2 Hs/Mm A-126130.1 18.3 21.4 18.2 211
AD-62848.2 Hs/Mm A-126100.1 11.4 43.7 2.9 38.3
AD-82950.2 Hs/Mm A-126116.1 8.9 21.9 4.7 20.8
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AD-62854.2 Hs/Mm A-126102.1 9.4 65.5 0.2 54.3
AD-62955.2 Hs/Mm A-126118.1 5.8 218 5.5 5.8
AD-62958.2 Hs/Mm A-126104.1 4.2 9.6 1.8 5.3
AD-62960.2 Hs/Mim A-126120.1 5.4 10.1 3.8 2.5
AD-62964.2 Hs/Mm A-126106.1 3.7 212 3.8 12.7
AD-52965.2 Hs/Mm A-126122.1 3.0 20.8 5.3 23.5
AD-62868.2 Hs/ i A-126108.1 5.4 4.7 2.8 5.1
AD-62870.2 Hs/Mim A-126124.1 18.6 5.2 14.6 6.1
AD-562936.2 Mim A-126142.1 7.0 17.5 G.1 3.9
AD-62937.2 Mm A-126158.1 4.0 16.9 0.8 10.2
AD-52938.2 Mm A-126174.1 4.0 49.1 C.7 42.4
AD-62942.2 Mim A-126144.1 3.4 4.9 1.2 5.3
AD-628943.2 NMrm A-126160.1 3.8 14.9 2.2 10.6
AD-52947.2 Mim A-126146.1 10.9 6.4 3.6 1.6
AD-62948.2 Mm A-126162.1 6.7 18.7 5.9 158
AD-82951.2 Mm A-126122.1 8.1 i1, 8.6 14.5
AD-62952.2 Mm A-126148.1 5.4 23.2 10.1 28.2
AD-62853.2 NMrm A-126164.1 11.3 10.3 13.7 12,1
AD-52956.2 Mim A-126134.1 2.2 3.8 1.2 1.6
AD-62857.2 Mm A-126150.1 3.2 22.5 2.1 20.0
AD-G2958.2 Mm A-126166.1 7.5 16.0 5.8 13.2
AD-52961.2 Mim A-126136.1 4.3 6.3 2.8 5.6
AD-62962.2 Mm A-126152.1 17.1 42.4 14.2 49.5
AD-52963.2 Mm A-126168.1 2.3 10.8 C.6 2.3
AD-62966.2 Mim A-126138.1 5.7 11.6 5.8 5.6
AD-62867.2 Mm A-126154.1 3.8 217 2.0 23.0
AD-562968.2 Mim A-126170.1 3.5 8.4 0.3 3.0
AD-62871.2 Mm A-126140.1 4.6 3.1 5.0 7
AD-82872.2 Mm A-126156.1 13.8 22.7 17.0 24.9
AD-62973.2 Mm A-126172.1 19.3 51.9 19.7 219

Example 4. Dose Response Screen in Primary Meonkey Hepatocytes.

The 1C50s of modified and conjugated HAOT siRNA duplexes were determined in
primary monkey hepatocytes. HAOT siRNAs were transfected over a vange of doses from
10nM to 36fM final duplex concentration over &, 6-fold dilutions. The results of these assays

are shown in Table 5.

Table Sa, HAOT Dose Response Screen in Primary Mouse Hepatocytes.

DUPLEXID | Species | 1C50 PCH {nM}
AD-62984 Hs 0.017
AD-62994 Hs 0.029
AD-62989 Hs 0.175
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AD-62974 Hs 0.288
AD-62975 Hs 0.399
AD-62933 Hs/Mm 0.019
AD-623244 Hs/Mm 0.027
AD-62935 Hs/Mm 0.137
AD-62965 Hs/Mm 0.155
AD-62941 Hs/Mm 0.245
AD-562840 Hs/Mm 0.927

Table 5b, Additional HAO1 Dose Response Screen in Primary Mouse

Hepatocytes.

DUPLEXID | Species | IC50 PCH {nd)
AD-62984.2 Hs 0.017
AD-62994.2 Hs 0.028
AD-62989.2 Hs 0.175
AD-62974.2 Hs 0.288
AD-62975.2 Hs 0.399
AD-62933.2 | Hs/Mm 0.019
AD-62844.2 | Hs/Mm 0.027
AD-62935.2 | Hs/Mm 0.137
AD-62865.2 | Hs/Mm 0.155
AD-62941.2 | Hs/Mm 0,245
AD-62940.2 | Hs/Mm 0.927

Example 5. Dose Response Screen in Primary Mouse Hepatocyies,

The 1ICS0s of modified and conjugated HAGT siRNA duplexes were determined in
primary mouse hepatocyies. HAOT siRNAs were transfected over a range of doses from
10nM to 36fM final duplex concentration over 8, 6-fold dilutions. The results of these assays

10 are shown in Table 6.

Table 6a. HAOT Dose Response Screen in Primary Mouse Hepatocytes.

DUPLEX ID | Species IS0 PRI {nivi)
AD-52889 Hs 0.003
AD-62984 Hs 0.006
AD-G2875 Hs 0.059
AD-62874 Hs 0.122
AD-62984 Hs 0.264
AD-62944 Hs/Mim 0.002
AD-62935 Hs/Mm 0.007

130
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AD-62965 Hs/Mim 0.008
AD-62933 Hs/Mm 0.008
AD-G2841 Hs/Mim 0.087
AD-625840 Ha/Mm 0.090

Table 6b. Additional HAO1 Dose Response Sereen in Primary Mouse
Hepatocytes,

DUPLEXID | Species |  1C50 PMH {nM})
AD-62989.2 Hs 0.003
AD-62994.2 Hs 0.006
AD-52975.2 Hs £.059
AD-62974.2 Hs 0.122
AD-62934.2 Hs 0.264
AD-62944.2 | Hs/Mm 0.002
AD-62935.2 | Hs/Mm 0.007
AD-62965.2 | Hs/Mm 0.008
AD-62933.2 | Hs/Mm 0.008
AD-62941.2 | Hs/Mm 0.087
AD-62940.2 | Hs/Mm £.090

Table 7. Additional HAQ] Single Dose Sereen in Primary Cyno and Mouse

Hepatocytes
Duplex 1D oM | 01aM SB SD 18aM 3.1aM | Sb S
PCH PCH 10nM 0.1nM PMH PMH 10nM 3.10M
PCH PCH PMH PMH
AD-62933.1 261 228 17.¢ 6.0 5.0 26.3 8.0 7.6
AI3-65584.1 129 280 5.1 6.0 3.8 12.3 3.7 7.3
AD-65585.1 2.8 210 4.1 1.0 6.8 i1.6 4.5 57
AT3-65586.1 243 242 1¢.9 27 16.7 19.0 5.1 1.8
AD-65587.1 247 317 16.2 21.9 13.6 271 5.7 10.3
AD-65588.1 39.2 330 356 5.6 27.1 3335 110 8.3
ALX-65590.1 5.6 154 4.4 6.6 4.2 8.7 1.1 0.5
AD-65591 1 13.9 2.4 50 4.9 7.6 184 0.1 29
AD-65592 1 5. 243 7. 3.7 10.1 245 3.1 1.0
AD-65593.1 308 37.5 4.4 8.7 384 41.3 52 10.4
AD-65594 1 18.0 218 5.6 2.6 24.7 253 0.5 7.6
AT3-65595 1 i9.9 318 3.1 it3 9.1 12.2 50 5.7
AD-65596.1 123 19.2 0.6 i6 16.0 i9.9 i 1.9
AD-85597 1 0.2 348 2.8 10.1 22.8 32.0 8.2 57
AI3-65598.1 144 212 32 8.6 10.8 22.0 2.6 8.8
AD-655991 15.0 28.3 2.5 21.3 {8.0 254 1.7 8.3
AT3-65600.1 il.e 137 56 0.3 6.4 14.5 5.7 6.8
AD-65601 1 154 20.5 0.5 i6 8.5 7.2 0.3 3.9
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AD-65002.1 12.9 233 0.8 12.0 11 25 2.6 2.6
AL3-65603.1 33 ! ¢ 10.5
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AD-65604.1 10 18.7 1.3 2.3 £2.8 9 9.2
AD-65606.1 i4 123 0.2 3.1 4.8 i Kt 4.2
AD-65607.1 2 185 2.1 36 i4.4 32. 1.9 1.6
AD-65608.1 36.6 311 7.9 11.6 275 29.8 8.5 4.6
AL¥-65609.1 142 19.8 5.1 0.8 14.6 236 5.3 1.5
AD-65610.1 591 59.6 15.0 i3.3 350 70.9 0.0 0.1
AD-65011.1 12.9 142 5.4 1.8 4.5 i7.3 0.6 22
Al3-65612.1 193 20.5 1.5 9.0 16.2 233 38 1.7
AD-65613.1 6.0 183 57 0.7 11.6 239 1.8 54
AD-65614.1 i24 271 22 8.5 14.2 16.7 38 i1.9
AD-65615.1 531 60.3 1.4 7.7 48.2 80.4 9.9 384
AD-65016.1 217 125 178 5.5 53 133 0.5 72
Al3-65618.1 194 6576 34 359 167 216 4.2 4.8
AD-656191 17.0 272 0.5 12.4 £2.5 26.3 3.2 23
AD-65620.1 58.0 5 218 28 379 54.8 0.4 127
4.6 23 3.8 it3 1.3 0.3

74,
AD-65621.1 123 17.5
AD-65622.1 17.7 204
AL¥-65623.1 44
AD-656241 13.0 233
AD-65025.1 .8 133
AL3-65626.1 7 15.8
AD-65627 1 18.8 24.8
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AD-65628.1 273 317 4.9 39 297 43.4 6.4 i9.6
AD-65629.1 128 208 1.0 8.1 18.9 232 2 13.9
AD-65030.1 72 140 0.3 53 6.1 8.5 1.3 2.1
Al3-65631.1 v 17.2 8.7 57 12.0 231 40 0.9
AD-656331 138 28.6 3.4 5.4 17.0 26.2 1.2 3.9
AD-65634.1 2.2 2356 6.6 1.2 216 352 1.4 8.2
AD-65635.1 1.7 277 7 47 I8.5 384 25 0.5
AD-65636.1 13.1 294 0.6 29 21.3 35.6 3.1 13.1
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AD-65050.1 279 400 131 14.0 276 30.6 9.7 6.8
AL3-65652.1 734 72.2 52 1.8 47.6 597 7.5 214
AD-656531 2.6 324 7 4.7 5.9 24.3 0.0 6.7
AD-65654 .1 41.6 45.5 10.4 117 228 357 2.9 3.1
AD-65655.1 192 183 6.1 4.8 17.8 i8.8 38 3.9
AD-65656.1 16.8 161 7 3.1 6.2 138 1.6 1.8
AL¥-65657 1 137 .8 114.5 87 6.7 363 512 16 141
AD-65658.1 9.6 135 6.7 i3 4.8 P17 6.2 33
AD-65059.1 17.5 39.8 1.1 14 130 24.6 3.5 33
AL3-656601.1 21.5 331 54 1.6 14.6 29.0 3.5 4.1
AD-65661.1 13.9 4.1 2.2 12.8 132 273 0.5 7.
AD-65662.1 112 2422 29.9 179.6 425 479 46 1.6
AD-65663.1 115 282 3.8 NA 5.5 7.6 14 0.1
AD-65065.1 i04.8 141.7 13.¢ 26.9 394 442 131 53
AL3-65666.1 14.4 281 69 ia 3.8 12.7 3.3 4.8

Table 8. Additienal Single Dose Screen in Primary Cyno Hepatocyies,

10nM PCH | 10nM PCHSD | 0.1nM PCH 0.inM {CH 5D

Duplex

AD-656265 | 7.1 0.7 235 3.7
AD-68272.1 | 104 1.9 385 10.3
AD-88273.1 | 6.8 2.2 297 10.1
AD-68274.1 | 15.7 47 484 12.1
AD-68275.1 | 155 2.7 47.4 10.4
AD-68276.1 | 22.3 8.1 83.0 21.7
AD-68277.1 | 14.2 i1 25.2 7.9
AD-68278.1 | 18.6 3.2 97.5 25.4
AD-68279.1 | 14.7 3.8 62.5 19.6
AD-68280.1 | 24.9 2.6 54.7 8.1
AD-58281.1 | 383 18.6 70.7 8.8
AD-68282.1 |1 11.3 3.1 35.9 3.6
AD-68283.1 | 144 3.6 79.9 26.5
AD-68284.1 | 25.1 4.7 82.3 8.2
AD-68285.1 | 104 1.3 38.3 10.3
AD-88286.2 | 14.7 4.5 71.9 18.3
AD-68287.1 | 8.0 2.3 28.4 3.5
AD-68288.1 | 14.8 35 31.7 6.3
AD-68289.1 | 11.8 25 30.8 3.5
AD-68290.1 | 115 4.9 40.3 8.4
AD-68291.1 | 15.8 6.3 69.9 6.6
AD-68292.1 | 9.8 3.0 37.3 20.7
AD-68293.1 | 20.2 6.1 85.2 20.8
AD-68294.1 | 12.9 5.0 68.7 21.6
AD-68295.1 | 7.8 1.4 22.6 3.9
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AD-68296.1 | 85 i1 51.3 7.0
AD-68297.1 | 8.2 2.4 27.4 4.0
AD-68228.1 | 10.1 2.8 356 10.4
AD-568299.1 | 118 2.4 47.7 i8.2
AD-6R300.1 | 7.2 1.7 33.8 4.6
AD-68301.1 | 34.2 i4.3 78.3 25.8
AD-68302.1 | 156 5.8 57.1 10.0
AD-68303.1 | 7.0 2.0 23.9 45
AD-568304.1 | 14.8 2.4 64.2 12.1
AD-6R305.1 | 253 3.8 1065 23.8
AD-68306.1 | 124 2.0 18.8 1.8
AD-68307.1 | 22.2 8.9 93.1 22.6
AD-68308.1 | 222 4.0 79.6 7.8
AD-68309.1 | 8.0 2.7 18.8 3.7

Example 6. In vive evaluation of GO-GalNace conjugates in C57B6 mice
GO-GalNAc conjugates were dosed subcutancously in C5786 mice at 10, 5, 2.5, or
1.25 mg/kg and mENA knockdown in iver was evaluated after 72 hours post dose using
5 gPCR. The single dose EDS0s were approximately 1.25 and 2.5 mg/kg for compound A (AD-
62994) and compound B (AD-62933) respectively. In repeat dose studies conjugates were
dosed subcutancoushy weekly (QOW) for 4 weeks and liver GO mRNA levels were evaluated
at 72 hours post the 4th dose. The repeat dose ED30s were ~0.3mg/kg for both compounds.
The results are shown in Figure 4.
10 Example 7. In vive evaluation of GO kpockdown and impact on oxalate levels in AGXT
KO mice,
A GO s1IRNA (AD-40257) in a lipid nanoparticle (LNP) was dosed intravenously in
AGXT KO mice (Salido et al (2006) PNAS 103:18249) at | mg/kg. Urinary oxalate or

glycolate lovels were measured on day 15 using ton chromatography/mass spectroscopy. The

15 results are shown in Figure 5. Data s expressed relative to pre dose values and was
normalized to creatinine (Cr) to control for grine diluteness. N=4 mice per group and error
bars represent standard deviation.

Example 8. In vive evaluation of GO-GalNae conjugates in a rat AGXT knockdown
model.

24 To generate a rat PHI model, an AGXT siRNA (AD-63102) in an LNP {AF-011-

63102) was dosed at | mg/kg intravenously to female Spraguc Dawley rats on day 1 and day

7 to maintain knockdown of AGXT in rat liver and 1% Ethylene Glycol was added 1o the
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drinking water to further stinnilate oxalate production. On day 0 and day 7 some rats were
also dosed with a GO GalNAc-siRNA (AD-62994) conjugate or PBS control. The results are
shown in Figure 6. Figure 6A shows quantitation of fiver AGXT mRNA levels 72 hours after
asingle Img/kg dose of AGXT siRNA in an LNP. In Figure 6B, levels of urinary oxalate
were quantified from 24 hoor wrines collected from day -1 to 6, day 3 to 4, day 5 to 6, and
day 7 to 8. Data was normalized to creatinine to control for the dihuteness of the wine. N=3
for AGXT groups and N=2 for PBS cordrol group. In Figure 6C, these same rats (as in figure
6B} were followed out to 49 days with continued weekly dosing on days 14 and 21 of both
AF-011-63102 and AD-62994 and 24 howr urine collections as shown. Ethylene glycol
remained in the drinking water until day 28, In Figure 61, duration of HAQ] kuockdown in
rats 1s shown by measuring mRNA levels either one week or four weeks after the last of 4
doses (corresponding to days 28 and 49 in Figure 6C) and expressed relative to levels scen in
rats treated with PBS. Error bars represent standard deviation throughout.

duplexMarue  target  senseWihsName

AD-402571  HAQOl NM_G175452_1306-1324 s

AD-402572  HAOD  NM_0175452 13061324 s
AD-63102.0  AGXT  NM_016702.3 1109-1127 s
AD-63102.2 AGXT NM_0167023_1109-1127 s
AD-631023 AGXT NM_0167023 1109-1127 s
duplexName Maditied sense strand sequence Unmoditied sense strand sequence SEQ D NO:
AD-40257.0 uucAAUGGGUGUCUAGGAdTsdT  UUCAAUGGGUGUCCUAGGA 70 & 7T
AD-A02572  uncAARGGGnGuecuAGGAdTsdT  UUCAAUGGGUGUCCUAGGA 770 & T
AD-631021  ACAACUGGAGGGACAUGHATAT  ACAACUGGAGGGACAUCGY  T72&773
AD-631022  AcAACuGGAGGGAcAucGudTsdT  ACAACUGGAGGGACAUCGU 772 &773
AD-631023 AcAAcuUGGAGGGAcAucGudTadT ACAACUGGAGGGACAUCGU

duplexMame  Modified antiscuse strand seguence Uumodified antisense strand sequence

AD-40257.1  UCCRrAGGACACCCAUUGAAATsIT  UCCUAGGACACCCAUUGAA 714 & 773
AD-402572  UCCuAGGACACCCAUUGAAATsIT  UCCUAGGACACCCAUUGAA T4 & TT5
AD-63102.1  ACGAUGUCCCUCSAGUUGUATIT  ACGAUGUCCCUCCAGUUGU T &TTT
AD-63102.2  ACGAUGUCCCUCCAGUUGUITSIT  ACGAUGUCCCUCCAGUUGU 776 & 777
AD-631023  ACGAUGUCCCUCCAGUUGUTsdT  ACGAUGUCCCUCCAGUUGU 776 &TTT

Example 9: In vive evaluation of GO-GalNac conjugates

Female CSTBL/6 Mice, aged 6-8 weeks, were administered a single subcutancous
dose of the GO siIRNA-GalNac conjugates tn Table 7. The mice were sacrifices after 72
hours and the lver was assayed for HAO mRNA by bDNA analysis. The results are shown

m Figure 13.
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Table 7: GO (HAO) siRNA-GalNac conjugates,

duplexiame SEG ID NO:
AD-52989.2 778
AD-52084 .2 779
AD-$62933.2 780
AD-62935.2 781
AD-62940.2 782
AD-62941 .2 783
AD-62944.2 784
AD-52965.2 735
duplexiame SEQ ID NO
AD-62985.2 784
AD-62994.2 737

AD-62933.2 uslifsgUfcGfalfghfcuulicAfcAfulfcsusy 788
AD-62935.2 asdAfsgGfalfulUiulfcculifaCicAfalfgsusc 789
AD-62940.2 730

941.2 751
AD-82944.2 792
AD-62965.2 793

duplexdame Crossreactivity Guinea Pig?MM to mouse MM to GP

AD-6£2989 Hs ves pesd

AD-62994.2 Hs no posl6 pos2,12,1¢
AD-62933.2 Hs/Mm Ves

AD-62925.2 Hs/Mm ves

AD-62940.2 Hs/Mwm vas

AD-62941.2 Hs/Mm

AD-62944.2 Hs/Mm Ves

AD-62965.2  Hs/Mm ves

Example 18 In vive evaluation of GO-GalNAe conjugates in mice

Female C57 BL/6 mice were administered a single subcutancous 3 mg/Kg dose of the
a number of GO sIRNA-GalNA¢ conjugates described herein or PRS control. Mice were
sacrificed after 72 hours and HAOT mRNA knockdown in Hver was evaluated using gPCR.

The results are shown in Figure 14, expressed relative to the PBS control.
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Example 11: Dose-response evaluation of GUO-GalNAc conjugates in mice

Female C57 BL/6 mice were administered a single subcutancous dose of either 1 or 3
mg/Kg of one of the GO siIRNA-GalNAc conjugates compound A (AD-62994), compound B
{AD-62933), compound C {AD-65644), compound D (AD-65626), compound E (AD-
65590, compound F {AD-65585) or PBS control. Ten days later mice were sacrificed and
HAOT mBNA knockdown in Hiver was evaluated using qPCR. In repeat dose studies,
compounds C, D, F or PBS control were dosed subcutancously weekly ({QW) for 4 weeks and
hiver HAO! mRNA levels were evaluated 10 days after the last dose. The results of single-
dose are shown in Figure 15 and repeat-dose experiments are shown in Figure 16, expressed
relative to the PBS control. These data showed improved potency for compounds AD-65644
and AD-65626 relative to AD-62933 and for compounds AD-65590 and AD-6558S5 relative

to AD-62994.
Example 12: Dose-response evaluation of compound D In mice

Female C57 BL/6 mice were administered a single subcutancous dose of 0.1, 0.3, 1, 3,
or 10 mg/Kg of AD-65626 or PBS countrol. Ten days later mice were sacrificed and HAO!
mRNA knockdown in biver was evaluated using qPCR. with results expressed relative to the
PBS control as shown in Figure 17. These results demonstrate a greater than 3-fold

improvement in potency comparced to compound AD-62933.
Example 13: Relationship of mRNA knockdown o serum glyeolate levels in mice

Female C57 BL/6 mice were administered a single subcutancous dose of 0.1, 0.3, 1, 3,
or 10 mg/Kg of AD-65585 or PBS control. Ten days later mice were sacrificed and HAQ!
miENA knockdown in hiver was evaluated using gPCR, with results expressed relative to the
PBS control. Glycolate lovels in serum samples from these same mice were quantified using
ion chromatography coupled to mass specirometry as previously described (Knight ¢t al.,
Amal. Biochem. 2012 February 1; 421(1): 121-124). The results for these experiments are

shown in Figure 18,

These results demounstrate that AD-65545 is as potont as AD-65626, both having a
single-dose EDS0 of ~0.3 mg/kg in WT mice. Additionally, HAGT mBNA silencing results
in dose-responsive serum glycolate increases of up to 4-fold (approximately 200uM) at the

highest two doses.
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Example 14: Relationship of mRNA knockdown (o serum glyealate fevels in rats

Male Spraguc Dawley rats were administered a single subcutaneous dose of 1, 3, or
10 mg/Kg of ADD-65626 or PBS control. Fourteen days later rats were sacrificed and HAO!
mBRNA knockdown in Hver was evaluated using gPCR, with results expressed relative to the
5 PBS control. Glycolate levels in serum samples from these same rats collected both prior to
dosing and at day 14 were quantificd using lon chromatography coupled to mass
spectrometry, again as described (Kmght ot al., Anal. Biochem. 2012 February 1; 421{1):

121-124). The results for these experiments are shown in Figore 19

As observed in wild-type mice, these results demonstrate that HAO1 mRNA silencing
10 i Sprague Dawley rats results in dose-responsive serum glyeolate increases of up to 12-fold
{approximately 140 uM) at the highest dose.
Example 15: Pharmacology studies with ALN-65585
HAO! inhibition in hepatocytes.
Primaary cyno hepatocytes were transfected with RNAimax (Tovitrogen) with serially
15 diluted AD-65585 (ALN-655835, “ALN-GO1”) or a non-targeting mRNA Luciferase control
{AD1955) at 10 nM. Relative levels of HAO mRNA were detormined by normalizing to
GAPDH mRNA levels as quantified by veal-time RT-PCR. The data was plotted to calculate
the 1CS0 value of 10 pM. The results are shown Figure 20.
In vitro fransfoction of AD-65585 demonstrates an EDSO of approximately 10pM in
20 primary cynomoelgus hepatocytes.
Single Dose Pharmacology in Mouse
ALN-GO1 pharmacology was evaluated in mice by quantitying Hver HAOT mBENA
and scrum glycolate levels (Figure 21). A single 5C dose of ALN-GO1 vesulted 1 a dose

dependent suppression of HAGQT mRNA with a dose of 10 mg/kg resulting in EDSO

NS
o

silencing. The BI50 dose for GO1 silencing in the mouse was estimated to be 0.3 mg/kg.
Serum glyveolate levels inereased in a dose-responsive manner with 8 maximom level
approximately 4-fold above baseline levels. The vesults are shown in Figore 21, illustrating
fevels of liver HAOT mRNA and serum glycolate 10 days after a single subcutancous dose of

ALN-63585 in CS7BL/6 mice. Bars represent the mean of 3 or 4 animals and crror bars

o
o
o

depict the standard deviation.
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Single Dose Duration in Mouse

GO1 silencing was durable and reversible post a single SC dose (Figure 22). A single
SC dose of ALN-GO1 in mice at 3mg/kg resulted in 270% mRNA silencing for
approximately 6 weeks, after which mRNA levels recovered to basehine levels through 12
weeks post-dose. The results are shown in figure 22: Levels of iver HAOT mRNA at
multiple time points following a single subcutancous dose of ALN-65585 in C57B1L/6 mice.

Each data point represents the mean of 3 animals and error bars depict the standard deviation.
Single Dose Pharmacology in Rat

ALN-GO1 pharmacology was also evaluated inrats by quantifying liver HAO!
mRNA levels (Figure 23). A single 5C administration of ALN-GO1 to male Sprague Dawley
rats resulted in a dose dependent suppression of HAOT mRNA with a dose of >3mg/kg
resulting in ED90 sifencing. The results ave shown in figure 23: Levels of liver HAOI
mRNA 10 days after a single subcutaneous dose of ALN-65585 in Sprague Dawley rats.
Bars represent the mean of 3 animals and error bars depict the standard deviation. The EDS{

dose for GO silencing in the vat was estimated to be 0.3 mg/kg.
Single Dose Pharmacology in AGXT KO Mouse

The impact of ALN-GO1 on oxalate levels was evaluated in an AGXT KO mouse
maodel of PH1. The results arc shown in Figure 24: 24hr urinary oxalate (top) and glycolate
(bottom) excretion of Agxt KO mice after a single subcutaneous dose of ALN-65585.
Dhfferent leiters means significant difference between the 3 dose groups at cach specific weck
{(n=3 per dose). Urinary cxeretions over time did not change significantly in the PBS control

animal (n=1).

Urinary oxalate levels showed dose-dependent reductions after a single dose of ALN-
GO with a maximunm of approximately 50% oxalate lowering at the 3mg/kg dose that lasted
for =3 weeks before recovery 1o pre-dose levels. Urinary glyeolate levels showed dose-
dependent increascs after a single dose of ALN-GO1 with a maximumn of approximately 5-

fold ncreases at the 3mg/kg dose that lasted for 24 weeks,
Single Dose Pharmacolegy in PHI Induced Rat Model

ALN-GO1 was evaluated in a second PHI rodent model where liver AGXT was
inhibited in rats using siRNA and oxalate levels were stimulated with ethylene glveol (Figure

25A and Figure 258B). Liver HACT mRNA and 24-howr urinary oxalate were quantified to
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determine the degree of HAGT lowering requived for maximal oxalate redaction. The resulis
are shown in Figure 25A and Figure 25B: Levels of liver HAGT mRNA a rat induced model
of PH1 14 days afier a single subeutancous dose of ALN-65585 and weekly dosing of AF-
G11-AGXT siRNA (2 doses, of Img/kg). 24hr arinary oxalate normalized to urinary
creatinine. Bars represent the mean of 3 antmals and crror bars depict the standard deviation.
mRNA and oxalate lowering correlation plot reprosents individual animals from multiple

experiments.

A single dose of ALN-GO1 in this model demonsirated dose-responsive mRNA and
urinary oxalate lowering with approximately 85% maximum mRNA reduction and
approximately 90% maximum urinary oxalate reduction observed at the highest dose of
ALN-GOT (Figure 2SA and Figure 25B). In this induced rat model of PHI, mRNA and
wrinary oxalate reductions resulted in a 1:1 correlation.

Multi-Dose Pharmacelogy in PHI Induced Rat Model

Potency of ALN-GO1 was cvaluated in studies in normal rats with inhibited AGXT
activity and ethylene glycol (an induced model of PHI) by quandifying liver HACT mRNA
and 24-hour urinary oxalate. The results are shown in Figure 26: Levels of Hver HAO!
mBRNA a rat induced model of PHI 28 days after repeat subcutaneous dosing of ALN-65585
and repeat 1V dosing of AF-011-AGXT siRNA (4 doses, of Img/kg). 24bhr urinary oxalate
normalized 1o urinary creatinine. Bars represent the mean of 2 or 3 animals and error bars
depict the standard deviation.

Treatment with ALN-GO1 resulted in sustained urinary oxalate reductions in all
treatment groups for approximately 3 weeks., On day 28 after repeat dosing of ALN-GO1
{and four doses of AF-011-AGXT) all groups showed >95%mRNA reduction >85% urinary
oxalate lowering.

Multi-Dose Pharmacslogy in NHP

ALN-GO1 pharmacology was evaluated in cynomoelgos monkeys (non-human
primate (NHF)) by guantifying HAOT mRNA in Hver blopsy, and serum glycolate levels,
The following table shows the NHP Pharmacology study outline detailing dose level and

dose regimen.

Group # Test Article Dose level {mg/kg) Dose frequency
] PRS Na OMx 6
2 AD-65585 0.25 OM x 8
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3 AD-65585 1 OMx 8
4 AD-65585 1 OM x 6
3 AD-65585 2 CMx 6
6 AD-65585 4 OM=x 6
7 AD-65585 2> 1 OM x4 ->0Mx5

The results are shown in Figure 27, NHP serum glycolate levels for alf groups out o
day 85, data represents group averages of 3 animals per group, lines represent standard
deviation. Liver biopsy HAUT mBRNA on Day 29, lincs represent group averages, symbols

5 represent individual animal mRNA levels relative 1o PBS control on Day 29.

After the first month of dosing {day 29}, dosc-responsive mRNA silencing was
chserved in all groups, with up to 99% mRNA silencing in groups 6 and 7 dosed with 4dmg/kg
monthly or 2Zmg’kg weekly, Maximuom elevated serum glycolate levels of approximately
70uM were maintained for at least 3 weeks in group 6 dosed with 4mg/kg monthly.

10 Iotermediate serom glycolate
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Example 16: Additional siRNA sequences.

PCT/US2015/054881

Additional siRNA design was carried out to identify siRNAs targeting HAO1

NM_017545.2.

SEQ SEQ
Unmodified ID ID
sequence NO: Modified sequence NO: strand | Length
AUGUAUGUUACUUC asusqguauGIfuUfAfCfuu
UUAGAGA 794 cuuagagal96 1890 | sense |21
UCUCUAAGAAGUAA usCfsucuAfaGfAfagua
CAUACAUCC 795 AfcAfuacauscsc 1891 |antis |23
UGUAUGUUACUUCU usgsuaugUfuAfCfUfuc
UAGAGAG 796 uuagagaglL96 1892 | sense |21
CUCUCUAAGAAGUA csUfscucUfaAfGfaagu
ACAUACAUC 797 AfaCfauacasusc 1893 |antis |23
UAGGAUGUAUGUUA usasggauGfuAfULfGfuu
CUUCUUA 798 acuucuual 96 1894 | sense |21
UAAGAAGUAACAUA usAfsagaAfgUfAfacau
CAUCCUAAA 799 AfcAfuccuasasa 1895 |antis |23
UUAGGAUGUAUGUU ususaggaUfgUfAfUfqu
ACUUCUU 800 uacuucuul96 1896 | sense |21
AAGAAGUAACAUAC asAfsgaaGfuAfAfcaua
AUCCUAARA 801 CfaUfccuaasasa 1897 |antis |23
AGAAAGGUGUUCAA asgsaaagGfuGfUfUfca
GAUGUCC 802 agauguccL96 1898 | sense |21
GGACAUCUUGAACA gsGfsacalUfcUfUfgaac
ccuuucuce 803 AfcCfuuucuscsc 1899 |antis |23
GAAAGGUGUUCAAG gsasaaggUfgUfUfCfaa
AUGUCCU g§04 gauguccul96 1900 | sense |21
AGGACAUCUUGAAC asGfsgacAfuCfUfugaa
ACCUUUCUC 805 CfaCfcuuucsusc 1901 | antis |23
GGGGAGAAAGGUGU gsgsggagAfaAfGfGfug
UCAAGAU 806 uucaagaul96 1902 | sense |21
AUCUUGAACACCUU asUfscuuGfaAfCfaccu
UCUCCCCCU 807 UfuCfuccccescsu 1803 |antis |23
GGGGGAGAAAGGUG gsgsgggaGfaAfAfGLgu
UUCAAGA g08 guucaagal96 1904 | sense |21
UCUUGAACACCUUU usCfsuugAfaCfAfccuu
CUCCCCCUG 809 UfcUfccececsusg 1905 |antis |23
AGAAACUUUGGCUG asgsaaacULuUfGEfGEIcu
AUAAUAU 810 gauaauaul96 1906 | sense |21
AUAUUAUCAGCCAA asUfsauuAfuCfAfgcca
AGUUUCUUC 811 AfaGfuuucususc 1907 |antis |23
GAAACUUUGGCUGA gsasaacuUfuGfGfCtiug
UAAUAUU 812 auaauauul96 1908 | sense |21
AAUAUUAUCAGCCA asAfsuaulUfaUfCfagcc
AAGUUUCUU 813 AfaAfguuucsusu 1809 |antis |23
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SEQ SEQ
Unmodified ID ID
sequence NO: Modified sequence NO: strand | Length
AUGAAGAAACUUUG asusgaagAfaAfCfUfuu
GCUGAUA 814 ggcugauali96 1910 | sense |21
UAUCAGCCAAAGUU usAfsucaGfcCfAfaaqu
UCUUCAUCA 815 UfuCfuucauscsa 1911 | antis |23
GAUGAAGAAACUUU gsasugaaGfaAfAfCfuu
GGCUGAU 816 uggcugaul96 1912 | sense |21
AUCAGCCAAAGUUU asUfscagCfcAfAfaguu
CUUCAUCAU 817 UfcUfucaucsasu 1913 |antis |23
AAGGCACUGAUGUU asasggcaCfuGIAfULgu
CUGAAAG 818 ucugaaagl96 1914 | sense |21
CUUUCAGAACAUCA csUfsuucAfgAfAfcauc
GUGCCUUUC 819 AfgUfgccuususc 1915 | antis |23
AGGCACUGAUGUUC asgsgcacULgAfUfGLuu
UGAAAGC 8§20 cugaaagcL96 1916 | sense |21
GCUUUCAGAACAUC gsCfsuuuCfaGfAfacau
AGUGCCUUU 821 CfaGfugccususu 1917 |antis |23
CGGAAAGGCACUGA csgsgaaaGigCfAfCIug
UGUUCUG 822 auguucugL96 1918 | sense |21
CAGAACAUCAGUGC csAfsgaaCfalUfCfagug
CUUUCCGCA 823 CfcUfuuccgscsa 1819 |antis |23
GCGGAAAGGCACUG gscsggaalAfgGICfAfcu
AUGUUCU g§24 gauguucul96 1920 | sense |21
AGAACAUCAGUGCC asGfsaacAfuCfAfgugc
UUUCCGCAC 825 CfuUfuccgcsasc 1921 | antis |23
AGAAGACUGACAUC asgsaagaCfuGfAfCfau
AUUGCCA 826 cauugccal96 1922 | sense |21
UGGCAAUGAUGUCA usGfsgcaAfuGfAfugquc
GUCUUCUCA 827 AfgUfcuucuscsa 1923 |antis |23
GAAGACUGACAUCA gsasagacUfgAfCfAfuc
UUGCCAA 828 auugccaal96 1924 | sense |21
UUGGCAAUGAUGUC usUfsggcAfalUfGfaugu
AGUCUUCUC 829 CfaGfucuucsusc 1925 |antis |23
GCUGAGAAGACUGA gscsugagAfaGfAfCtug
CAUCAUU 830 acaucauul96 1926 | sense |21
AAUGAUGUCAGUCU asAfsugalUfgUfCfaguc
UCUCAGCCA 831 UfuCfucagcscsa 1927 | antis |23
GGCUGAGAAGACUG gsgscugaGfaAfGfAfcu
ACAUCAU 832 gacaucaul96 1928 | sense |21
AUGAUGUCAGUCUU asUfsgauGfuCfAfgucu
CUCAGCCAU 833 UfcUfcagccsasu 1929 |antis |23
UAAUGCCUGAUUCA usasaugcCfuGIAfUfuc
CAACUUU 834 acaacuuul96 1930 | sense |21
AAAGUUGUGAAUCA asAfsaguUfgUfGfaauc
GGCAUUACC 835 AfgGfcauuascsc 1931 | antis |23
AAUGCCUGAUUCAC asasugccULfgAfUfUfca
AACUUUG 836 caacuuuglL96 1932 | sense |21
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CAAAGUUGUGAAUC csAfsaagUfuGfUfgaau
AGGCAUUAC 837 CfaGfgcauusasc 1933 | antis |23
UUGGUAAUGCCUGA ususggqguaAfuGfCfCtug
UUCACAA 838 auucacaal96 1934 | sense |21
UUGUGAAUCAGGCA usUfsgugAfalUfCfaggc
UUACCAACA 839 AfuUfaccaascsa 1935 |antis |23
GUUGGUAAUGCCUG gsusugguAfalUfGfCfcu
AUUCACA 840 gauucacal96 1936 | sense |21
UGUGAAUCAGGCAU usGfsugaAfuCfAfggca
UACCAACAC 841 UfuAfccaacsasc 1937 |antis |23
UAUCAAAUGGCUGA usasucaaAfuGLGECLiug
GAAGACU 842 agaagacul96 1938 | sense |21
AGUCUUCUCAGCCA asGfsucuUfcUfCfagcce
UUUGAUAUC 843 AfuUfugauasusc 1939 | antis |23
AUCAAAUGGCUGAG asuscaaalUfgGiCfUfga
AAGACUG 844 gaagacuglL96 1940 | sense |21
CAGUCUUCUCAGCC csAfsgucUfuCtUfcage
AUUUGAUAU 845 CfaUfuugausasu 1841 |antis |23
AAGAUAUCAAAUGG asasgauaULcAfAfATug
CUGAGAA 846 gcugagaal96 1942 | sense |21
UUCUCAGCCAUUUG usUfscucAfgCiCfauuu
AUAUCUUCC 847 GfaUfaucuuscsc 1943 |antis |23
GAAGAUAUCAAAUG gsasagauAfuCfAfAfau
GCUGAGA g48 ggcugagal96 1944 | sense |21
UCUCAGCCAUUUGA usCfsucaGfcCfAfuuug
UAUCUUCCC 849 AfuAfucuucscsc 1945 |antis |23
UCUGACAGUGCACA uscsugacAfqgUfGfCfac
AUAUUUU 850 aauauuuul96 1946 | sense |21
AAAAUAUUGUGCAC asAfsaauAfulfGfugca
UGUCAGAUC 851 CfuGfucagasusc 1847 |antis |23
CUGACAGUGCACAA csusgacaGfuGICfAfca
UAUUUUC 852 auauuuuclL96 1948 | sense |21
GAAAAUAUUGUGCA gsAfsaaalUfaUfUfgugc
CUGUCAGAU 853 AfcUfgucagsasu 1949 |antis |23
AAGAUCUGACAGUG asasgaucULgAfCfAfqu
CACAAUA 854 gcacaaual96 1950 | sense |21
UAUUGUGCACUGUC usAfsuugUfgCfAfcugu
AGAUCUUGG 855 CfaGfaucuusgsg 1951 |antis |23
CAAGAUCUGACAGU csasagauCfuGfAfCiag
GCACAAU 856 ugcacaaul96 1952 | sense |21
AUUGUGCACUGUCA asUfsuguGIicAfCfuguc
GAUCUUGGA 857 AfgAfucuugsgsa 1953 |antis |23
ACUGAUGUUCUGAA ascsugauGfuULCfUfga
AGCUCUG 8§58 aagcucuglL96 1954 | sense |21
CAGAGCUUUCAGAA csAfsgagCfuUfUfcaga
CAUCAGUGC 859 AfcAfucagusgsc 1955 |antis |23
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CUGAUGUUCUGAAA csusgaugUfuCfUfGfaa
GCUCUGG 860 agcucugglL96 1956 | sense |21
CCAGAGCUUUCAGA csCfsagaGfcUfUfucag
ACAUCAGUG 861 AfaCfaucagsusg 1957 | antis |23
AGGCACUGAUGUUC asgsgcacULfgAfUfGLuu
UGAAAGC 862 cugaaagcL96 1958 | sense |21
GCUUUCAGAACAUC gsCfsuuuCfaGfAfacau
AGUGCCUUU 863 CfaGfugccususu 1959 |antis |23
AAGGCACUGAUGUU asasggcaCfuGIAfULgu
CUGAAAG 864 ucugaaagl96 1960 | sense |21
CUUUCAGAACAUCA csUfsuucAfgAfAfcauc
GUGCCUUUC 865 AfgUfgccuususc 1961 |antis |23
AACAACAUGCUAARA asascaacAfuGfCfUfaa
UCAGUAC 566 aucaguacL96 1962 | sense |21
GUACUGAUUUAGCA gsUfsacuGfaUfUfuagc
UGUUGUUCA 867 AfuGfuuguuscsa 1963 |antis |23
ACAACAUGCUAAAU ascsaacaUfgCfUfAfaa
CAGUACU 868 ucaguacul96 1964 | sense |21
AGUACUGAUUUAGC asGfsuacULgAfUfuuag
AUGUUGUUC 869 CfaUfguugususc 1865 |antis |23
UAUGAACAACAUGC usasugaaCfaAfCfAfug
UAAAUCA 870 cuaaaucal96 1966 | sense |21
UGAUUUAGCAUGUU usGfsauuUfaGfCfauqu
GUUCAUAAU 871 UfgUfucauasasu 1967 |antis |23
UUAUGAACAACAUG ususaugaAfcAfAfCfau
CUAAAUC 872 gcuaaauclL96 1968 | sense |21
GAUUUAGCAUGUUG gsAfsuuuAfgCfAfuguu
UUCAUAAUC 873 GfuUfcauaasusc 1969 |antis |23
UCUUUAGUGUCUGA uscsuuuaGfuGfUfCfug
AUAUAUC 874 aauauauclL96 1970 | sense |21
GAUAUAUUCAGACA gsAfsuauAfuUfCfagac
CUAAAGAUG 875 AfcUfaaagasusg 1971 |antis |23
CUUUAGUGUCUGAZA csusuuagUfgUfCfUfga
UAUAUCC 876 auauaucclL96 1972 | sense |21
GGAUAUAUUCAGAC gsGfsauaUfaUfUfcaga
ACUAAAGAU 877 CfaCfuaaagsasu 1973 | antis |23
CACAUCUUUAGUGU csascaucUfulUfAfGiug
CUGAAUA 878 ucugaaual96 1974 | sense |21
UAUUCAGACACUAA usAfsuucAfgAfCfacua
AGAUGUGAU 879 AfaGfaugugsasu 1975 |antis |23
UCACAUCUUUAGUG uscsacauCfuULUfAfgu
UCUGAAU 880 gucugaaul96 1976 | sense |21
AUUCAGACACUAAA asUfsucaGfaCfAfcuaa
GAUGUGAUU 881 AfgAfugugasusu 1977 |antis |23
UGAUACUUCUUUGA usgsauacUfuCfUfUfug
AUGUAGA 882 aauguagal96 1978 | sense |21
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UCUACAUUCAAAGA usCfsuacAfulUfCfaaag
AGUAUCACC 883 AfaGfuaucascsc 1979 |antis |23
GAUACUUCUUUGAA gsasuacuUfcUfUfUfga
UGUAGAU 884 auguagaul96 1980 | sense |21
AUCUACAUUCAAAG asUfscuaCfalUfUfcaaa
AAGUAUCAC 885 GfaAfgquaucsasc 1981 |antis |23
UUGGUGAUACUUCU ususggugAfuAfCfUfuc
UUGAAUG 886 uuugaauglL96 1982 | sense |21
CAUUCAAAGAAGUA csAfsuucAfaAfGfaagu
UCACCAAUU 887 AfuCfaccaasusu 1983 |antis |23
AUUGGUGAUACUUC asusugguGfaUfAfCfuu
UUUGAAU §88 cuuugaaul96 1984 | sense |21
AUUCAAAGAAGUAU asUfsucaAfaGfAfagua
CACCAAUUA 889 UfcAfccaaususa 1985 |antis |23
AAUAACCUGUGAAA asasuaacCfuGfUfGtfaa
AUGCUCC 890 aaugcucclL96 1986 | sense |21
GGAGCAUUUUCACA gsGfsagcAfulUfUfucac
GGUUAUUGC g§91 AfgGfuuauusgsc 1987 |antis |23
AUAACCUGUGAAAA asusaaccULgULGfAfaa
UGCUCCC 892 augcuccclL96 1988 | sense |21
GGGAGCAUUUUCAC gsGfsgagCfalUfUfuuca
AGGUUAUUG 893 CfaGfguuaususg 1989 |antis |23
UAGCAAUAACCUGU usasgcaaUfaAfCfCIiug
GAAAAUG 894 ugaaaaugl96 1990 | sense |21
CAUUUUCACAGGUU csAfsuuulUfcAfCfaggu
AUUGCUAUC 895 UfaUfugcuasusc 1991 |antis |23
AUAGCAAUAACCUG asusagcaAfuAfAfCfcu
UGAAAAU 896 gugaaaaul96 1992 | sense |21
AUUUUCACAGGUUA asUfsuuuCfaCfAfgguu
UUGCUAUCC 897 AfuUfgcuauscsc 1893 |antis |23
AAUCACAUCUUUAG asasucacAfuCfUfUfua
UGUCUGA §98 gugucugal96 1994 | sense |21
UCAGACACUAAAGA usCfsagaCfaCfUfaaag
UGUGAUUGG 899 AfuGfugauusgsg 1995 |antis |23
AUCACAUCUUUAGU asuscacalUfcUfUfULfag
GUCUGAA 900 ugucugaal96 1996 | sense |21
UUCAGACACUAAAG usUfscagAfcAfCfuaaa
AUGUGAUUG 901 GfaUfgugaususg 1997 |antis |23
UUCCAAUCACAUCU ususccaalUfcAfCfAfuc
UUAGUGU 902 uuuagugul96 1998 | sense |21
ACACUAAAGAUGUG asCfsacuAfaAfGfaugu
AUUGGAAAU 903 GfaUfuggaasasu 1999 | antis |23
UUUCCAAUCACAUC ususuccadAfuCfAfCfau
UUUAGUG 904 cuuuagugL96 2000 | sense |21
CACUAAAGAUGUGA csAfscuaAfaGfAfugug
UUGGAAAUC 905 AfuUfggaaasusc 2001 |antis |23
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ACGGGCAUGAUGUU ascsgggcAfuGfAfUfqu
GAGUUCC 906 ugaguuccL96 2002 | sense |21
GGAACUCAACAUCA gsGfsaacUfcAfAfcauc
UGCCCGUUC 907 AfuGfccegususc 2003 |antis |23
CGGGCAUGAUGUUG csgsggcalUfgAfUfGLiuu
AGUUCCU 908 gaguuccul96 2004 | sense |21
AGGAACUCAACAUC asGfsgaaCfuCfAfacau
AUGCCCGUU 909 CfaUfgccecgsusu 2005 |antis |23
GGGAACGGGCAUGA gsgsgaacGLgGICLAfug
UGUUGAG 910 auguugaglL96 2006 | sense |21
CUCAACAUCAUGCC csUfscaaCfalUfCfaugc
CGUUCCCAG 911 CfcGfuucccesasg 2007 |antis |23
UGGGAACGGGCAUG usgsggaaCfgGfGfCfau
AUGUUGA 912 gauguugal96 2008 | sense |21
UCAACAUCAUGCCC usCfsaacAfuCfAfugcec
GUUCCCAGG 913 CfgUfucccasgsg 2009 |antis |23
ACUAAGGUGAAAAG ascsuaagGfuGfAfAfaa
AUAAUGA 914 gauaaugal96 2010 |sense |21
UCAUUAUCUUUUCA usCfsauuAfuCtUfuuuc
CCUUAGUGU 915 AfcCfuuagusgsu 2011 |antis |23
CUAAGGUGAAAAGA csusaaggULfgAfAfAfag
UAAUGAU 916 auaaugaul96 2012 | sense |21
AUCAUUAUCUUUUC asUfscauUfaUfCfuuuu
ACCUUAGUG 917 CfaCfcuuagsusg 2013 |antis |23
AAACACUAAGGUGA asasacacUfaAfGfGIug
AAAGAUA 918 aaaagaual96 2014 | sense |21
UAUCUUUUCACCUU usAfsuculUfuUfCfaccu
AGUGUUUGC 919 UfaGfuguuusgsc 2015 |antis |23
CAAACACUAAGGUG csasaacaCfuAfAfGIigu
AAAAGAU 920 gaaaagaul96 2016 |sense |21
AUCUUUUCACCUUA asUfscuuUfuCfAfccuu
GUGUUUGCU 921 AfgUfguuugscsu 2017 |antis |23
AGGUAGCACUGGAG asgsqguagCfaCfufGiga
AGAAUUG 922 gagaauugL96 2018 | sense |21
CAAUUCUCUCCAGU csAfsauuCfuCfUfccag
GCUACCUUC 923 UfgCfuaccususc 2019 |antis |23
GGUAGCACUGGAGA gsgsuagcAfcUfGfGfag
GAAUUGG 924 agaauugglL96 2020 |sense |21
CCAAUUCUCUCCAG csCfsaaulUfcUfCfucca
UGCUACCUU 925 GfuGfcuaccsusu 2021 |antis |23
GAGAAGGUAGCACU gsasgaagGfuAfGfCtac
GGAGAGA 926 uggagagal96 2022 | sense |21
UCUCUCCAGUGCUA usCfsucuCfcAfGfugcu
CCUUCUCAA 927 AfcCfuucucsasa 2023 |antis |23
UGAGAAGGUAGCAC usgsagaaGigUfAfGica
UGGAGAG 928 cuggagagl96 2024 | sense |21
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CUCUCCAGUGCUAC csUfscucCfaGfUfgcua
CUUCUCAAA 929 CfcUfucucasasa 2025 |antis |23
AGUGGACUUGCUGC asgsuggaCfuUfGfCtug
AUAUGUG 930 cauaugugL96 2026 | sense |21
CACAUAUGCAGCAA csAfscauAfuGfCfagcea
GUCCACUGU 931 AfgUfccacusgsu 2027 |antis |23
GUGGACUUGCUGCA gsusggacUfuGfCfUfgc
UAUGUGG 932 auaugugglL96 2028 | sense |21
CCACAUAUGCAGCA csCfsacalfalUfGfcagce
AGUCCACUG 933 AfaGfuccacsusg 2029 |antis |23
CGACAGUGGACUUG csgsacagULgGLAfCLtuu
CUGCAUA 934 gcugcauali96 2030 | sense |21
UAUGCAGCAAGUCC usAfsugcAfgCfAfaguc
ACUGUCGUC 935 CfaCfugucgsusc 2031 |antis |23
ACGACAGUGGACUU ascsgacaGIiuGEfGfAfcu
GCUGCAU 936 ugcugcaul 96 2032 | sense |21
AUGCAGCAAGUCCA asUfsgcaGfcAfAfgucc
CUGUCGUCU 937 AfcUfgucguscsu 2033 |antis |23
AAGGUGUUCAAGAU asasggugUfuCfAfAfga
GUCCUCG 938 uguccucgL96 2034 | sense |21
CGAGGACAUCUUGA csGIisaggAfcAfUfcuug
ACACCUUUC 939 AfaCfaccuususc 2035 |antis |23
AGGUGUUCAAGAUG asgsqguguUfcAfAfGfau
UCCUCGA 940 guccucgal96 2036 | sense |21
UCGAGGACAUCUUG usCfsgagGfaCfAfucuu
AACACCUUU 941 GfaAfcaccususu 2037 |antis |23
GAGAAAGGUGUUCA gsasgaaaGfgUfGfUfuc
AGAUGUC 942 aagauguclL96 2038 | sense |21
GACAUCUUGAACAC gsAfscauCfulUfGfaaca
cugucucce 943 CfcUfuucucscsc 2039 |antis |23
GGAGAAAGGUGUUC gsgsagaalAfgGIULGLuu
AAGAUGU 944 caagaugulL96 2040 | sense |21
ACAUCUUGAACACC asCfsaucUfuGfAfacac
Uugcucccce 945 CfuUfucuccscsc 2041 |antis |23
AACCGUCUGGAUGA asasccguCfuGfGfAfug
UGUGCGU 946 augugcgulL96 2042 | sense |21
ACGCACAUCAUCCA asCfsgcaCfalUfCfaucc
GACGGUUGC 947 AfgAfcgguusgsc 2043 |antis |23
ACCGUCUGGAUGAU ascscgucUfgGfAfUfga
GUGCGUA 948 ugugcgual 96 2044 | sense |21
UACGCACAUCAUCC usAfscgcAfcAfUfcauc
AGACGGUUG 949 CfaGfacggususg 2045 |antis |23
GGGCAACCGUCUGG gsgsgcaaCfcGIULCtug
AUGAUGU 950 gaugaugulL96 2046 | sense |21
ACAUCAUCCAGACG asCfsaucAfuCfCfagac
GUUGCCCAG 951 GfgUfugcccsasg 2047 |antis |23
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UGGGCAACCGUCUG usgsggcaAfcCfGfUfcu
GAUGAUG 952 ggaugauglL96 2048 | sense |21
CAUCAUCCAGACGG csAfsucaUfcCfAfgacg
UUGCCCAGG 953 GfuUfgcccasgsg 2049 |antis |23
GAAACUUUGGCUGA gsasaaculUfuGfGfCIiug
UAAUAUU 954 auaauauul96 2050 | sense |21
AAUAUUAUCAGCCA asAfsuaulUfaUfCfagce
AAGUUUCUU 955 AfaAfguuucsusu 2051 |antis |23
AAACUUUGGCUGAU asasacuuULgGICfULfga
AAUAUUG 956 uaauauugl96 2052 | sense |21
CAAUAUUAUCAGCC csAfsauaUfuAfUfcage
AAAGUUUCU 957 CfaAfaguuuscsu 2053 |antis |23
UGAAGAAACUUUGG usgsaagaAfaCfUufUfug
CUGAUAA 958 gcugauaal96 2004 | sense |21
UUAUCAGCCAAAGU usUfsaucAfgCfCfaaag
UUCUUCAUC 959 UfuUfcuucasusc 2055 |antis |23
AUGAAGAAACUUUG asusgaagAfaAfCfUfuu
GCUGAUA 960 ggcugaual96 2056 | sense |21
UAUCAGCCAAAGUU usAfsucaGicCfAfaagu
UCUUCAUCA 961 UfuCfuucauscsa 2057 |antis |23
AAAGGUGUUCAAGA asasagguGfuUfCfAfag
UGUCCUC 962 auguccucL96 2058 | sense |21
GAGGACAUCUUGAA gsAfsggaCfaUfCfuuga
CACCUUUCU 963 AfcAfccuuuscsu 2059 |antis |23
AAGGUGUUCAAGAU asasggugUfuCfAfAfga
GUCCUCG 964 uguccucglL96 2060 | sense |21
CGAGGACAUCUUGA csGfsaggAfcAfUfcuug
ACACCUUUC 965 AfaCfaccuususc 2061 |antis |23
GGAGAAAGGUGUUC gsgsagaaAfgGfUfGfuu
AAGAUGU 966 caagaugulL96 2062 |sense |21
ACAUCUUGAACACC asCfsaucUfuGfAfacac
guucuccee 967 CfuUfucuccscsc 2063 |antis |23
GGGAGAAAGGUGUU gsgsgagaAfaGfGfUfqu
CAAGAUG 968 ucaagauglL96 2064 | sense |21
CAUCUUGAACACCU csAfsucuUfgAfAfcacc
gucucccee 969 UfuUfcucccscsc 2065 |antis |23
AAAUCAGUACUUCC asasaucaGIfuAfCfUfuc
AAAGUCU 970 caaagucul96 2066 | sense |21
AGACUUUGGAAGUA asGfsacuUfuGfGfaagu
CUGAUUUAG 971 AfcUfgauuusasg 2067 |antis |23
AAUCAGUACUUCCA asasucagUfaCIfUfUfcc
AAGUCUA 972 aaagucuali96 2068 | sense |21
UAGACUUUGGAAGU usAfsgacULfuUfGfgaag
ACUGAUUUA 973 UfaCfugauususa 2069 |antis |23
UGCUAAAUCAGUAC usgscuaaAfuCfAfGfua
UUCCAAA 974 cuuccaaal96 2070 | sense |21
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UUUGGAAGUACUGA usUfsuggAfaGfUfacug
UUUAGCAUG 975 AfuUfuagcasusg 2071 |antis |23
AUGCUAAAUCAGUA asusgcuaAfaUfCfAfqu
CUUCCAA 976 acuuccaal96 2072 | sense |21
UUGGAAGUACUGAU usUfsggaAfgUfAfcuga
UUAGCAUGU 977 UfuUfagcausgsu 2073 |antis |23
ACAUCUUUAGUGUC ascsaucuULfuAfGfULgu
UGAAUAU 978 cugaauaul96 2074 | sense |21
AUAUUCAGACACUA asUfsauuCfaGfAfcacu
AAGAUGUGA 979 AfaAfgaugusgsa 2075 |antis |23
CAUCUUUAGUGUCU csasucuulUfaGLfULGLuc
GAAUAUA 980 ugaauauali96 2076 | sense |21
UAUAUUCAGACACU usAfsuauUfcAfGfacac
AAAGAUGUG 981 UfaAfagaugsusg 2077 |antis |23
AAUCACAUCUUUAG asasucacAfuCfUfUfua
UGUCUGA 982 gugucugal 96 2078 | sense |21
UCAGACACUAAAGA usCfsagaCfaCfUfaaag
UGUGAUUGG 983 AfuGfugauusgsg 2079 |antis |23
CAAUCACAUCUUUA csasaucaCfaUfCtfUfuu
GUGUCUG 984 agugucuglL96 2080 | sense |21
CAGACACUAAAGAU csAfsgacAfcUfAfaaga
GUGAUUGGA 985 UfgUfgauugsgsa 2081 |antis |23
GCAUGUAUUACUUG gscsauguAfuUfAfCfuu
ACAAAGA 986 gacaaagal96 2082 | sense |21
UCUUUGUCAAGUAA usCfsuuuGfuCfAfagua
UACAUGCUG 987 AfuAfcaugcsusg 2083 |antis |23
CAUGUAUUACUUGA csasugualUfuAfCfUfug
CAAAGAG 988 acaaagaglL96 2084 | sense |21
CUCUUUGUCAAGUA csUfscuulUfgUfCfaagu
AUACAUGCU 989 AfaUfacaugscsu 2085 |antis |23
UUCAGCAUGUAUUA ususcagcAfuGIULfAfuu
CUUGACA 990 acuugacal.96 2086 | sense |21
UGUCAAGUAAUACA usGfsucaAfgUfAfauac
UGCUGAAAA 991 AfuGfcugaasasa 2087 |antis |23
UUUCAGCAUGUAUU ususucagCfalUfGfUfau
ACUUGAC 992 uacuugacL96 2088 | sense |21
GUCAAGUAAUACAU gsUfscaaGfuAfAfuaca
GCUGAAAAA 993 UfgCfugaaasasa 2089 |antis |23
AUGUUACUUCUUAG asusguuaCfuUfCfUfua
AGAGAAA 994 gagagaaal96 2090 |sense |21
UUUCUCUCUAAGAA usUfsucuCfuCfUfaaga
GUAACAUAC 995 AfgUfaacausasc 2091 |antis |23
UGUUACUUCUUAGA usgsuuacULuCtUfUfag
GAGAAAU 996 agagaaaul96 2092 | sense |21
AUUUCUCUCUAAGA asUfsuucUfcUfCfuaag
AGUAACAUA 997 AfaGfuaacasusa 2093 |antis |23
150



SUBSTITUTE SHEET (RULE 26)

WO 2016/057893 PCT/US2015/054881
SEQ SEQ
Unmodified ID ID
sequence NO: Modified sequence NO: strand | Length
AUGUAUGUUACUUC asusguauGIfuUfAfCfuu
UUAGAGA 998 cuuagagal96 2094 | sense |21
UCUCUAAGAAGUAA usCfsucuAfaGfAfagua
CAUACAUCC 999 AfcAfuacauscsc 2095 |antis |23
GAUGUAUGUUACUU gsasuguaUfgUfUfAfcu
CUUAGAG 1000 | ucuuagaglL96 2096 |sense |21
CUCUAAGAAGUAAC csUfscuaAfgAfAfguaa
AUACAUCCU 1001 | CfaUfacaucscsu 2097 |antis |23
ACAACUUUGAGAAG ascsaacuUfuGLALfGLaa
GUAGCAC 1002 | gguagcaclL96 2098 | sense |21
GUGCUACCUUCUCA gsUfsgculAfcCtUfucuc
AAGUUGUGA 1003 | AfaAfguugusgsa 2099 |antis |23
CAACUUUGAGAAGG csasacuuUfgAfGfAfag
UAGCACU 1004 | guagcaculLS6 2100 | sense |21
AGUGCUACCUUCUC asGfsugcUfaCfCfuucu
AAAGUUGUG 1005 | CfaAfaguugsusg 2101 |antis |23
AUUCACAACUUUGA asusucacAfaCfUfUfug
GAAGGUA 1006 | agaaggual96 2102 | sense |21
UACCUUCUCAAAGU usAfscculUfcUfCfaaag
UGUGAAUCA 1007 | UfuGfugaauscsa 2103 |antis |23
GAUUCACAACUUUG gsasuucaCfaAfCfUfuu
AGAAGGU 1008 | gagaaggulL96 2104 | sense |21
ACCUUCUCAAAGUU asCfscuuCfuCfAfaaqu
GUGAAUCAG 1009 | UfgUfgaaucsasg 2105 |antis |23
AACAUGCUAAAUCA asascaugCfuAfAfAfuc
GUACUUC 1010 | aguacuucL96 2106 | sense |21
GAAGUACUGAUUUA gsAfsaguAfcUfGfauuu
GCAUGUUGU 1011 | AfgCfauguusgsu 2107 |antis |23
ACAUGCUAAAUCAG ascsaugcUfaAfAfUfca
UACUUCC 1012 | guacuuccL96 2108 | sense |21
GGAAGUACUGAUUU gsGfsaagUfaCiUfgauu
AGCAUGUUG 1013 | UfaGfcaugususg 2109 |antis |23
GAACAACAUGCUAA gsasacaaCfalUfGfCfua
AUCAGUA 1014 | aaucagual96 2110 | sense |21
UACUGAUUUAGCAU usAfscugAfulUfUfagca
GUUGUUCAU 1015 | UfgUfuguucsasu 2111 |antis |23
UGAACAACAUGCUA usgsaacaAfcAfUfGfcu
AAUCAGU 1016 | aaaucagul96 2112 | sense |21
ACUGAUUUAGCAUG asCfsugalUfuUfAfgcau
UUGUUCAUA 1017 | GfuUfguucasusa 2113 |antis |23
AAACCAGUACUUUA asasaccaGfuAfCfUfuu
UCAUUUU 1018 | aucauuuul96 2114 | sense |21
AAAAUGAUAAAGUA asAfsaauGfaUfAfaagu
CUGGUUUCA 1019 | AfcUfgguuuscsa 2115 |antis |23
AACCAGUACUUUAU asasccagUfaCfUfUfua
CAUUUUC 1020 | ucauuuucL96 2116 | sense |21
151



SUBSTITUTE SHEET (RULE 26)

WO 2016/057893 PCT/US2015/054881
SEQ SEQ
Unmodified ID ID
sequence NO: Modified sequence NO: strand | Length
GAAAAUGAUAAAGU gsAfsaaaUfgAfUfaaag
ACUGGUUUC 1021 | UfaCfugguususc 2117 |antis |23
UUUGAAACCAGUAC ususugaaAfcCfAfGfua
UUUAUCA 1022 | cuuuaucal96 2118 |sense |21
UGAUAAAGUACUGG usGfsauaAfaGfUfacug
UUUCAAAAU 1023 | GfuUfucaaasasu 2119 |antis |23
UUUUGAAACCAGUA ususuugaAfaCfCfAfqgu
CUUUAUC 1024 | acuuuaucL96 2120 | sense |21
GAUAAAGUACUGGU gsAfsuaaAfgULAfcugyg
UUCAAAAUU 1025 | UfuUfcaazasusu 2121 |antis |23
GAGAAGAUGGGCUA gsasgaagAfuGIGEGtcu
CAAGGCC 1026 | acaaggccLS6 2122 | sense |21
GGCCUUGUAGCCCA gsGfsccuUfgUfAfgcce
UCUUCUCUG 1027 | AfuCfuucucsusg 2123 |antis |23
AGAAGAUGGGCUAC asgsaagalUfgGEfGfCtfua
AAGGCCA 1028 | caaggccal9e 2124 | sense |21
UGGCCUUGUAGCCC usGfsgccUfuGfUfagcece
AUCUUCUCU 1029 | CfaUfcuucuscsu 2125 |antis |23
GGCAGAGAAGAUGG gsgscagaGfaAfGfAfug
GCUACAA 1030 | ggcuacaalf6 2126 | sense |21
UUGUAGCCCAUCUU usUfsguaGfcCiCfaucu
CUCUGCCUG 1031 | UfcUfcugcesusg 2127 |antis |23
AGGCAGAGAAGAUG asgsgcagAfgAfAfGfau
GGCUACA 1032 | gggcuacal96 2128 | sense |21
UGUAGCCCAUCUUC usGfsuagCfcCfAfucuu
UCUGCCUGC 1033 | CfuCfugccusgsc 2129 |antis |23
AACGGGCAUGAUGU asascgggCfaUfGfAfug
UGAGUUC 1034 | uugaguucL96 2130 | sense |21
GAACUCAACAUCAU gsAfsacuCfaAfCfauca
GCCCGUUcCe 1035 | UfgCfccguuscsc 2131 |antis |23
ACGGGCAUGAUGUU ascsgggcAfuGIAfULqgu
GAGUUCC 1036 | ugaguucclL96 2132 | sense |21
GGAACUCAACAUCA gsGfsaacUfcAfAfcauc
UGCCCGUUC 1037 | AfuGfcccgususc 2133 |antis |23
UGGGAACGGGCAUG usgsggaaCifgGfGfCtau
AUGUUGA 1038 | gauguugal96 2134 | sense |21
UCAACAUCAUGCCC usCfsaacAfuCfAfugcce
GUUCCCAGG 10389 | CfgUfucccasgsg 2135 |antis |23
CUGGGAACGGGCAU csusgggaAfcGEGEGfca
GAUGUUG 1040 | ugauguuglL96 2136 | sense |21
CAACAUCAUGCCCG csAfsacaUfcAfUfgccc
UUCCCAGGG 1041 | GfuUfcccagsgsg 2137 |antis |23
AUGUGGCUAAAGCA asusqguggCfuAfAfAfgc
AUAGACC 1042 | aauagacclL96 2138 | sense |21
GGUCUAUUGCUUUA gsGfsucuAfuUfGfcuuu
GCCACAUAU 1043 | AfgCfcacausasu 2139 |antis |23
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UGUGGCUAAAGCAA usgsuggcUfaAfAfGEica
UAGACCC 1044 | auagaccclL96 2140 | sense |21
GGGUCUAUUGCUUU gsGfsgucUfaUfUfgcuu
AGCCACAUA 1045 | UfaGfccacasusa 2141 |antis |23
GCAUAUGUGGCUAA gscsauauGfuGfGfCtua
AGCAAUA 1046 | aagcaaual96 2142 | sense |21
UAUUGCUUUAGCCA usAfsuugCfulUfUfagce
CAUAUGCAG 1047 | AfcAfuaugcsasg 2143 |antis |23
UGCAUAUGUGGCUA usgscaualUfgUIGEGEcu
AAGCAAU 1048 | aaagcaaul.96 2144 | sense |21
AUUGCUUUAGCCAC asUfsugcULfuUfAfgcca
AUAUGCAGC 1049 | CfaUfaugcasgsc 2145 |antis |23
AGGAUGCUCCGGAA asgsgaugCfuCfCfGiga
UGUUGCU 1050 | auguugculL96 2146 | sense |21
AGCAACAUUCCGGA asGfscaaCfalUfUfccgg
GCAUCCUUG 1051 | AfgCfauccususg 2147 |antis |23
GGAUGCUCCGGAAU gsgsaugcUfcCiGfGfaa
GUUGCUG 1052 | uguugcuglL96 2148 | sense |21
CAGCAACAUUCCGG csAfsgcaAfcAfUfuccyg
AGCAUCCUU 1053 | GfaGfcauccsusu 2149 |antis |23
UCCAAGGAUGCUCC uscscaagGfalUfGECtuc
GGAAUGU 1054 | cggaaugul96 2150 | sense |21
ACAUUCCGGAGCAU asCfsauuCfcGfGfagca
CCUUGGAUA 1055 | UfcCfuuggasusa 2151 |antis |23
AUCCAAGGAUGCUC asusccaaGigAfUfGicu
CGGAAUG 1056 | ccggaaugL9e 2152 | sense |21
CAUUCCGGAGCAUC csAfsuucCfgGfAfgcau
CUUGGAUAC 1057 | CfcUfuggausasc 2153 |antis |23
UCACAUCUUUAGUG uscsacauCfuUfUfAfqgu
UCUGAAU 1058 | gucugaaulf6 2154 | sense |21
AUUCAGACACUAAA asUfsucaGfaCfAfcuaa
GAUGUGAUU 1059 | AfgAfugugasusu 2155 |antis |23
CACAUCUUUAGUGU csascaucUfuUfAfGLfug
CUGAAUA 1060 | ucugaaual96 2156 | sense |21
UAUUCAGACACUAA usAfsuucAfgAfCfacua
AGAUGUGAU 106l | AfaGfaugugsasu 2157 |antis |23
CCAAUCACAUCUUU cscsaaucAfcAfUfCIuu
AGUGUCU 1062 | uagugucul96 2158 | sense |21
AGACACUAAAGAUG asGfsacaCfuAfAfagau
UGAUUGGAA 1063 | GfuGfauuggsasa 2159 |antis |23
UCCAAUCACAUCUU uscscaauCfaCfAfUicu
UAGUGUC 1064 | uuaguguclL96 2160 | sense |21
GACACUAAAGAUGU gsAfscacUfaAfAfgaug
GAUUGGAAA 1065 | UfgAfuuggasasa 2161 |antis |23
AAAUGUGUUUAGAC asasauguGfuUfUfAfga
AACGUCA 1066 | caacgucal9e 2162 | sense |21
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UGACGUUGUCUAAA usGfsacgUfuGfUfcuaa
CACAUUUUC 1067 | AfcAfcauuususc 2163 |antis |23
AAUGUGUUUAGACA asasugugULfuUfAfGEfac
ACGUCAU 1068 | aacgucaulfé6 2164 | sense |21
AUGACGUUGUCUAA asUfsgacGfuUfGfucua
ACACAUUUU 1069 | AfaCfacauususu 2165 |antis |23
UUGAAAAUGUGUUU ususgaaaAfuGfUfGfuu
AGACAAC 1070 |uagacaacL96 2166 |sense |21
GUUGUCUAAACACA gsUfsuguCfuAfAfacac
UUUUCAAUG 1071 | AfuUfuucaasusg 2167 |antis |23
AUUGAAAAUGUGUU asusugaaAfaULGfULfqgu
UAGACAA 1072 | uuagacaal.96 2168 | sense |21
UUGUCUAAACACAU usUfsqgucUfaAfAfcaca
UUUCAAUGU 1073 | UfuUfucaausgsu 2169 |antis |23
UACUAAAGGAAGAA usascuaaAfgGfAfAfga
UUCCGGU 1074 | auuccggul96 2170 | sense |21
ACCGGAAUUCUUCC asCfscggAfalfUfcuuc
UUUAGUAUC 1075 | CfuUfuaguasusc 2171 |antis |23
ACUAAAGGAAGAAU ascsuaaaGfgAfAfGfaa
UCCGGUU 1076 | uuccgguulf6 2172 | sense |21
AACCGGAAUUCUUC asAfsccgGfaAfUfucuu
CUUUAGUAU 1077 | CfcUfuuagusasu 2173 |antis |23
GAGAUACUAAAGGA gsasgauaCfuAfAfAfqgg
AGAAUUC 1078 | aagaauucL96 2174 | sense |21
GAAUUCUUCCUUUA gsAfsauuCfuUfCfcuuu
GUAUCUCGA 1079 | AfgUfaucucsgsa 2175 |antis |23
CGAGAUACUAAAGG csgsagauAfcUfAfAfag
AAGAAUU 1080 | gaagaauul96 2176 | sense |21
AAUUCUUCCUUUAG asAfsuucUfuCfCfuuua
UAUCUCGAG 1081 | GfuAfucucgsasg 2177 |antis |23
AACUUUGGCUGAUA asascuuuGfgCIfULfGtau
AUAUUGC 1082 | aauauugcL96 2178 | sense |21
GCAAUAUUAUCAGC gsCfsaauAfuUfAfucag
CAAAGUUUC 1083 | CfcAfaaguususc 2179 |antis |23
ACUUUGGCUGAUAA ascsuuugGicUfGfAfua
UAUUGCA 1084 | auauugcal6 2180 | sense |21
UGCAAUAUUAUCAG usGfscaalUfaUfUfauca
CCAAAGUUU 1085 | GfcCfaaagususu 2181 |antis |23
AAGAAACUUUGGCU asasgaaaCfulUfUfGfgc
GAUAAUA 1086 | ugauaaualf6 2182 | sense |21
UAUUAUCAGCCAAA usAfsuuaUfcAfGfccaa
GUUUCUUCA 1087 | AfgUfuucuuscsa 2183 |antis |23
GAAGAAACUUUGGC gsasagaaAfcULULfULgg
UGAUAAU 1088 | cugauaaul.96 2184 | sense |21
AUUAUCAGCCAAAG asUfsuauCfaGfCfcaaa
UUUCUUCAU 1089 | GfuUfucuucsasu 2185 |antis |23
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AAAUGGCUGAGAAG asasauggCfuGfAfGfaa
ACUGACA 1090 | gacugacal.96 2186 | sense |21
UGUCAGUCUUCUCA usGfsucaGfuCfUfucuc
GCCAUUUGA 1091 | AfgCfcauuusgsa 2187 |antis |23
AAUGGCUGAGAAGA asasuggcUfgAfGfALfag
CUGACAU 1092 | acugacaul96 2188 | sense |21
AUGUCAGUCUUCUC asUfsgucAfgUfCfuucu
AGCCAUUUG 1093 | CfaGfccauususg 2189 |antis |23
UAUCAAAUGGCUGA usasucaaAfuGLGLCIug
GAAGACU 1094 | agaagacul.96 2190 | sense |21
AGUCUUCUCAGCCA asGfsuculUfcUfCfagcc
UUUGAUAUC 1095 | AfuUfugauasusc 2191 |antis |23
AUAUCAAAUGGCUG asusaucaAfaUfGfGIcu
AGAAGAC 1096 | gagaagacL96 2192 | sense |21
GUCUUCUCAGCCAU gsUfscuuCfuCfAfgcca
UUGAUAUCU 1097 | UfuUfgauauscsu 2193 |antis |23
GUGGUUCUUAAAUU gsusgguuCfuUfAfAfau
GUAAGCU 1098 | uguaagcul96 2194 | sense |21
AGCUUACAAUUUAA asGfscuuAfcAfAfuuua
GAACCACUG 1099 | AfgAfaccacsusg 2195 |antis |23
UGGUUCUUAAAUUG usgsqguucUfuAfAfAfuu
UAAGCUC 1100 | guaagcuclL96 2196 | sense |21
GAGCUUACAAUUUA gsAfsgcuUfaCfAfauuu
AGAACCACU 1101 | AfaGfaaccascsu 2197 |antis |23
AACAGUGGUUCUUA asascaguGigUfUfCtuu
AAUUGUA 1102 | aaauugual96 2198 | sense |21
UACAAUUUAAGAAC usAfscaaUfuUfAfagaa
CACUGUUUU 1103 | CfcAfcuguususu 2199 |antis |23
AAACAGUGGUUCUU asasacagUfgGfUfUfcu
AAAUUGU 1104 | uvaaauugulL96 2200 |sense |21
ACAAUUUAAGAACC asCfsaauUfuAfAfgaac
ACUGUUUUA 1105 | CfaCfuguuususa 2201 |antis |23
AAGUCAUCGACAAG asasqgucalUfcGfAfCfaa
ACAUUGG 1106 | gacauuggL96 2202 | sense |21
CCAAUGUCUUGUCG csCfsaauGfuCtUfuguc
AUGACUUUC 1107 | GfaUfgacuususc 2203 |antis |23
AGUCAUCGACAAGA asgsucauCfgAfCfAfag
CAUUGGU 1108 | acauuggul96 2204 | sense |21
ACCAAUGUCUUGUC asCfscaalUfgUfCfuugu
GAUGACUUU 1109 | CfgAfugacususu 2205 |antis |23
GUGAAAGUCAUCGA gsusgaaaGfuCIAfUfcg
CAAGACA 1110 | acaagacal.96 2206 | sense |21
UGUCUUGUCGAUGA usGfsucuUfgUiCfgaug
CUUUCACAU 1111 | AfcUfuucacsasu 2207 |antis |23
UGUGAAAGUCAUCG usgsugaaAfgUfCfAfuc
ACAAGAC 1112 | gacaagacL96 2208 | sense |21
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GUCUUGUCGAUGAC gsUfscuuGfuCfGfauga
UUUCACAUU 1113 | CfuUfucacasusu 2209 |antis |23
GAUAAUAUUGCAGC gsasuaauAfuUfGfCIfag
AUUUUCC 1114 | cauuuuccL96 2210 |sense |21
GGAAAAUGCUGCAA gsGfsaaaAfuGfCfugca
UAUUAUCAG 1115 | AfuAfuuaucsasg 2211 |antis |23
AUAAUAUUGCAGCA asusaauaUfuGfCfAfgce
UUUUCCA 1116 | auuuuccalf6 2212 | sense |21
UGGAAAAUGCUGCA usGfsgaaAfaULGfcugce
AUAUUAUCA 1117 | AfaUfauuauscsa 2213 |antis |23
GGCUGAUAAUAUUG gsgscugaUfaAfUfAfuu
CAGCAUU 1118 | gcagcauulf6 2214 | sense |21
AAUGCUGCAAUAUU asAfsugcUfgCfAfauau
AUCAGCCAA 1119 | UfaUfcagccsasa 2215 |antis |23
UGGCUGAUAAUAUU usgsgcugAfuAfAfUfau
GCAGCAU 1120 | ugcagcaul96 2216 | sense |21
AUGCUGCAAUAUUA asUfsgcuGfcAfAfuauu
UCAGCCAAA 1121 | AfuCfagccasasa 2217 |antis |23
GCUAAUUUGUAUCA gscsuaaulUfuGIULfAfuc
AUGAUUA 1122 | aaugauual96 2218 | sense |21
UAAUCAUUGAUACA usAfsaucAfulUiGfauac
AAUUAGCCG 1123 | AfaAfuuagcscsg 2219 |antis |23
CUAAUUUGUAUCAA csusaauuUfgUfAfUfca
UGAUUAU 1124 | augauuaul96 2220 | sense |21
AUAAUCAUUGAUAC asUfsaauCfalfUfgaua
AAAUUAGCC 1125 | CfaAfauuagscsc 2221 |antis |23
CCCGGCUAAUUUGU cscscggeUfaAfUfUfug
AUCAAUG 1126 |uaucaaugL96 2222 | sense |21
CAUUGAUACAAAUU csAfsuugAfuAfCfaaau
AGCCGGGGG 1127 | UfaGfccgggsgsg 2223 |antis |23
CCCCGGCUAAUUUG cscscecggCIfuAfAfULuu
UAUCAAU 1128 | guaucaaul.96 2224 | sense |21
AUUGAUACAAAUUA asUfsugaUfaCfAfaauu
GCCGGGGGA 1129 | AfgCfcggggsgsa 2225 |antis |23
UAAUUGGUGAUACU usasauugGiuGfAfUfac
UCUUUGA 1130 | uucuuugal96 2226 | sense |21
UCAAAGAAGUAUCA usCfsaaaGfaAfGfuauc
CCAAUUACC 1131 | AfcCfaauuascsc 2227 |antis |23
AAUUGGUGAUACUU asasuuggUfgAfUfAfcu
CUUUGAA 1132 | ucuuugaalf6 2228 | sense |21
UUCAAAGAAGUAUC usUfscaaAfgAfAfguau
ACCAAUUAC 1133 | CfaCfcaauusasc 2229 |antis |23
GCGGUAAUUGGUGA gscsgguaAfulUfGEGLug
UACUUCU 1134 | auacuuculL96 2230 | sense |21
AGAAGUAUCACCAA asGfsaagUfaUfCfacca
UUACCGCCA 1135 | AfuUfaccgcscsa 2231 |antis |23
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GGCGGUAAUUGGUG gsgscgguAfaUfUfGiqu
AUACUUC 1136 | gauacuucL96 2232 | sense |21
GAAGUAUCACCAAU gsAfsaguAfuCfAfccaa
UACCGCCAC 1137 | UfuAfccgecsasc 2233 |antis |23
CAGUGGUUCUUAAA csasguggUfuCfUfUfaa
UUGUAAG 1138 | auuguaaglL96 2234 | sense |21
CUUACAAUUUAAGA csUfsuacAfalUfUfuaag
ACCACUGUU 1139 | AfaCfcacugsusu 2235 |antis |23
AGUGGUUCUUAAAU asgsugguULfcUfUfAfaa
UGUAAGC 1140 | uuguaagcL96 2236 | sense |21
GCUUACAAUUUAAG gsCfsuuaCfaAfUfuuaa
AACCACUGU 1141 | GfaAfccacusgsu 2237 |antis |23
AAAACAGUGGUUCU asasaacaGiuGfGfUfuc
UAAAUUG 1142 | uuaaauuglLf6 2238 | sense |21
CAAUUUAAGAACCA csAfsauulfaAfGfaacc
CUGUUUUAA 1143 | AfcUfguuuusasa 2239 |antis |23
UAAAACAGUGGUUC usasaaacAfqgUfGfGfuu
UUAAAUU 1144 | cuuaaauul96 2240 | sense |21
AAUUUAAGAACCAC asAfsuuuAfaGfAfacca
UGUUUUAAA 1145 | CfuGfuuuuasasa 2241 |antis |23
ACCUGUAUUCUGUU ascscuguAfulUfCtUfqgu
UACAUGU 1146 | uuacaugul96 2242 | sense |21
ACAUGUAAACAGAA asCfsaugUfaAfAfcaga
UACAGGUUA 1147 | AfuAfcaggususa 2243 |antis |23
CCUGUAUUCUGUUU cscsugualUfuCtUfGiuu
ACAUGUC 1148 | uacaugucL96 2244 | sense |21
GACAUGUAAACAGA gsAfscauGfuAfAfacag
AUACAGGUU 114% | AfaUfacaggsusu 2245 |antis |23
AUUAACCUGUAUUC asusuaacCfuGfUfAfuu
UGUUUAC 1150 | cuguuuacL96 2246 | sense |21
GUAAACAGAAUACA gsUfsaaaCfaGiAfauac
GGUUAAUAA 1151 | AfgGfuuaausasa 2247 |antis |23
UAUUAACCUGUAUU usasuuaaCfcUfGfUfau
CUGUUUA 1152 | ucuguuual96 2248 | sense |21
UAAACAGAAUACAG usAfsaacAfgAfAfuaca
GUUAAUAAA 1153 | GfgUfuaauasasa 2249 |antis |23
AAGAAACUUUGGCU asasgaaaCfulUfUfGfgc
GAUAAUA 1154 | ugauaaual96 2250 | sense |21
UAUUAUCAGCCAAA usAfsuuaUfcAfGfccaa
GUUUCUUCA 1155 | AfgUfuucuuscsa 2251 |antis |23
AGAAACUUUGGCUG asgsaaacULfuULGLGLcu
AUAAUAU 1156 | gauaauaul.96 2252 | sense |21
AUAUUAUCAGCCAA asUfsauuAfuCfAfgcca
AGUUUCUUC 1157 | AfaGfuuucususc 2253 |antis |23
GAUGAAGAAACUUU gsasugaaGfaAfAfCfuu
GGCUGAU 1158 | uggcugaul96 2254 | sense |21
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AUCAGCCAAAGUUU asUfscagCfcAfAfaguu
CUUCAUCAU 1159 | UfcUfucaucsasu 2255 |antis |23
UGAUGAAGAAACUU usgsaugaAfgAfAfAfcu
UGGCUGA 1160 | uuggcugalS6 2256 | sense |21
UCAGCCAAAGUUUC usCfsagcCfaAfAfguuu
UUCAUCAUU 1161 | CfuUfcaucasusu 2257 |antis |23
GAAAGGUGUUCAAG gsasaaggUfgUfUfCfaa
AUGUCCU 1162 | gaugucculL96 2258 | sense |21
AGGACAUCUUGAAC asGfsgacAfuCtUfugaa
ACCUUUCUC 1163 | CfaCfcuuucsusc 2259 |antis |23
AAAGGUGUUCAAGA asasagguGfuUfCfAfag
UGUCCUC 1164 | auguccuclL96 2260 | sense |21
GAGGACAUCUUGAA gsAfsggaCfaUfCfuuga
CACCUUUCU 1165 | AfcAfccuuuscsu 2261 |antis |23
GGGAGAAAGGUGUU gsgsgagaAfaGfGfUiqu
CAAGAUG 1166 | ucaagaugL96 2262 | sense |21
CAUCUUGAACACCU csAfsuculUfgAfAfcacc
yucucccee 1167 | UfuUfcucccscsc 2263 |antis |23
GGGGAGAAAGGUGU gsgsggagAfaAfGLGLug
UCAAGAU 1168 | uucaagaul96 2264 | sense |21
AUCUUGAACACCUU asUfscuuGfaAfCfaccu
UCUCCCCCU 1169 | UfuCfucccecscsu 2265 |antis |23
AUCUUGGUGUCGAA asuscuugGfuGfUfCiga
UCAUGGG 1170 | aucaugggL96 2266 | sense |21
CCCAUGAUUCGACA csCfscauGfalUfUfcgac
CCAAGAUCC 1171 | AfcCfaagauscsc 2267 |antis |23
UCUUGGUGUCGAAU uscsuuggUfgUfCfGfaa
CAUGGGG 1172 | ucaugggglL96 2268 |sense |21
CCCCAUGAUUCGAC csCfsccalUfgAfUfucga
ACCAAGAUC 1173 | CfaCfcaagasusc 2269 |antis |23
UGGGAUCUUGGUGU usgsggauCfulUfGEGLug
CGAAUCA 1174 | ucgaaucal.96 22770 | sense |21
UGAUUCGACACCAA usGfsauuCfgAfCfacca
GAUCCCAUU 1175 | AfgAfucccasusu 2271 |antis |23
AUGGGAUCUUGGUG asusgqggalUfcUfUfGIqu
UCGAAUC 1176 | gucgaaucLS6 2272 | sense |21
GAUUCGACACCAAG gsAfsuucGfaCfAfccaa
AUCCCAUUC 1177 | GfaUfcccaususc 2273 |antis |23
GCUACAAGGCCAUA gscsuacaAfgGfCfCfau
UUUGUGA 1178 | auuugugalS6 2274 | sense |21
UCACAAAUAUGGCC usCfsacaAfaUfAfuggce
UUGUAGCCC 1179 | CfuUfguagcscsc 2275 |antis |23
CUACAAGGCCAUAU csusacaaGigCIiCfAfua
UUGUGAC 1180 | uuugugacL96 22776 | sense |21
GUCACAAAUAUGGC gsUfscacAfaAfUfauqgg
CUUGUAGCC 1181 | CfcUfuguagscsc 2277 |antis |23
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AUGGGCUACAAGGC asusgggcUfaCfAfAfqgg
CAUAUUU 1182 | ccauauuulf6 2278 | sense |21
AAAUAUGGCCUUGU asAfsaualUfgGfCfcuug
AGCCCAUCU 1183 | UfaGfcccauscsu 2279 |antis |23
GAUGGGCUACAAGG gsasugggCfuAfCfAfag
CCAUAUU 1184 | gccauauul96 2280 | sense |21
AAUAUGGCCUUGUA asAfsuauGfgCfCfuugu
GCCCAUCUU 1185 | AfgCfccaucsusu 2281 |antis |23
ACUGGAGAGAAUUG ascsuggaGfaGIAfAfuu
GAAUGGG 1186 | ggaaugggL96 2282 | sense |21
CCCAUUCCAAUUCU csCiscaulUfcCfAfauuc
CUCCAGUGC 1187 | UfcUfccagusgsc 2283 |antis |23
CUGGAGAGAAUUGG csusggagAfgAfAfULfug
AAUGGGU 1188 | gaaugggulL96 2284 | sense |21
ACCCAUUCCAAUUC asCfsccalfuCfCfaauu
UCUCCAGUG 1189 | CfuCfuccagsusg 2285 |antis |23
UAGCACUGGAGAGA usasgcacULfgGfAfGLag
AUUGGAA 11590 | aauuggaalf6 2286 | sense |21
UUCCAAUUCUCUCC usUfsccaAfuUfCfucuc
AGUGCUACC 1191 | CfaGfugcuascsc 2287 |antis |23
GUAGCACUGGAGAG gsusagcaCfuGIGfAfga
AAUUGGA 1192 | gaauuggal96 2288 | sense |21
UCCAAUUCUCUCCA usCfscaalUfuCfUfcucc
GUGCUACCU 1193 | AfgUfgcuacscsu 2289 |antis |23
ACAGUGGACACACC ascsagugGfaCfAfCtfac
UUACCUG 1194 | cuuaccugL96 2290 | sense |21
CAGGUAAGGUGUGU csAfsgguAfaGiGfugug
CCACUGUCA 1195 | UfcCfacuguscsa 2291 |antis |23
CAGUGGACACACCU csasqguggAfcAfCfAfcc
UACCUGG 1196 |uuaccuggL96 2292 |sense |21
CCAGGUAAGGUGUG csCisaggUfaAfGfgugu
UCCACUGUC 1197 | GfuCfcacugsusc 2293 |antis |23
UGUGACAGUGGACA usgsugacAfgUfGfGLfac
CACCUUA 1198 | acaccuualf6 2294 | sense |21
UAAGGUGUGUCCAC usAfsaggUfgUfGfucca
UGUCACAAA 1199 | CfuGfucacasasa 2295 |antis |23
UUGUGACAGUGGAC ususqgugaCfaGfUfGfga
ACACCUU 1200 | cacaccuul96 2296 | sense |21
AAGGUGUGUCCACU asAfsgguGfuGfUfccac
GUCACAAAU 1201 | UfgUfcacaasasu 2297 |antis |23
GAAGACUGACAUCA gsasagacULgAICfAfuc
UUGCCAA 1202 | auugccaal.96 2298 | sense |21
UUGGCAAUGAUGUC usUfsggcAfalUfGfaugu
AGUCUUCUC 1203 | CfaGfucuucsusc 2299 |antis |23
AAGACUGACAUCAU asasgacuGfaCfAfUfca
UGCCAAU 1204 | uugccaaul96 2300 | sense |21
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AUUGGCAAUGAUGU asUfsuggCfaAfUfgaug
CAGUCUUCU 1205 | UfcAfgucuuscsu 2301 |antis |23
CUGAGAAGACUGAC csusgagaAfgAfCfUfga
AUCAUUG 1206 | caucauugLS6 2302 | sense |21
CAAUGAUGUCAGUC csAfsaugAfuGfUfcagu
UUCUCAGCC 1207 | CfuUfcucagscsc 2303 |antis |23
GCUGAGAAGACUGA gscsugagAfaGfAfCiug
CAUCAUU 1208 | acaucauul96 2304 | sense |21
AAUGAUGUCAGUCU asAfsugalUfgUiCfaguc
UCUCAGCCA 1209 | UfuCfucagcscsa 2305 |antis |23
GCUCAGGUUCAAAG gscsucagGfuUfCfAfaa
UGUUGGU 1210 | guguuggulL96 2306 | sense |21
ACCAACACUUUGAA asCfscaaCfaCfUfuuga
CCUGAGCUU 1211 | AfcCfugagcsusu 2307 |antis |23
CUCAGGUUCAAAGU csuscaggUfuCfAfAfag
GUUGGUA 1212 | uguuggual96 2308 | sense |21
UACCAACACUUUGA usAfsccaAfcAfCfuuug
ACCUGAGCU 1213 | AfaCfcugagscsu 2309 |antis |23
GUAAGCUCAGGUUC gsusaagcULcALIGEGLuu
AAAGUGU 1214 | caaagugulL96 2310 |sense |21
ACACUUUGAACCUG asCfsacuUfuGfAfaccu
AGCUUACAA 1215 | GfaGfcuuacsasa 2311 |antis |23
UGUAAGCUCAGGUU usgsuaagCfuCfAfGiqu
CAAAGUG 1216 |ucaaagugL96 2312 | sense |21
CACUUUGAACCUGA csAfscuulUfgAfAfccug
GCUUACAAU 1217 | AfgCfuuacasasu 2313 |antis |23
AUGUAUUACUUGAC asusqguauUfaCfUfUfga
AAAGAGA 1218 | caaagagal96 2314 |sense |21
UCUCUUUGUCAAGU usCfsuculUfuGfUfcaag
AAUACAUGC 12195 | UfaAfuacausgsc 2315 |antis |23
UGUAUUACUUGACA usgsuauulAfcULULGLac
AAGAGAC 1220 | aaagagacL96 2316 | sense |21
GUCUCUUUGUCAAG gsUfscucUfuUfGfucaa
UAAUACAUG 1221 | GfuAfauacasusg 2317 |antis |23
CAGCAUGUAUUACU csasgcauGfuAfUfULfac
UGACAAA 1222 | uugacaaal96 2318 |sense |21
UUUGUCAAGUAAUA usUfsuguCfaAfGfuaau
CAUGCUGAA 1223 | AfcAfugcugsasa 2319 |antis |23
UCAGCAUGUAUUAC uscsagcaUfgUfAfUfua
UUGACAA 1224 | cuugacaal96 2320 | sense |21
UUGUCAAGUAAUAC usUfsgucAfaGiUfaaua
AUGCUGAAA 1225 | CfaUfgcugasasa 2321 |antis |23
CUGCAACUGUAUAU csusgcaaCfuGfUfAfua
CUACAAG 1226 | ucuacaaglL96 2322 | sense |21
CUUGUAGAUAUACA csUfsuguAfgAfUfauac
GUUGCAGCC 1227 | AfgUfugcagscsc 2323 |antis |23
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UGCAACUGUAUAUC usgscaacULgUfAfUfau
UACAAGG 1228 | cuacaagglL96 2324 | sense |21
CCUUGUAGAUAUAC csCfsuugUfaGfAfuaua
AGUUGCAGC 1229 | CfaGfuugcasgsc 2325 |antis |23
UUGGCUGCAACUGU ususggcuGicAfAfCIug
AUAUCUA 1230 | uauaucual96 2326 | sense |21
UAGAUAUACAGUUG usAfsgauAfuAfCfaguu
CAGCCAACG 1231 | GfcAfgccaascsg 2327 |antis |23
GUUGGCUGCAACUG gsusuggcULgCIAfAfcu
UAUAUCU 1232 | guauaucul.96 2328 | sense |21
AGAUAUACAGUUGC asGfsauaUfaCfAfguug
AGCCAACGA 1233 | CfaGfccaacsgsa 2329 |antis |23
CAAAUGAUGAAGAA csasaaugAfuGfAfAfga
ACUUUGG 1234 | aacuuugglL96 2330 | sense |21
CCAAAGUUUCUUCA csCfsaaaGfulUfUfcuuc
UCAUUUGCC 1235 | AfuCfauuugscsc 2331 |antis |23
AAAUGAUGAAGAAA asasaugaUfgAfAfGfaa
CUUUGGC 1236 | acuuuggcL96 2332 | sense |21
GCCAAAGUUUCUUC gsCfscaalAfgUfUfucuu
AUCAUUUGC 1237 | CfaUfcauuusgsc 2333 |antis |23
GGGGCAAAUGAUGA gsgsggcaAfaUfGfAfug
AGAAACU 1238 | aagaaacul.96 2334 | sense |21
AGUUUCUUCAUCAU asGfsuuuCfuUfcCfauca
UUGCCCCAG 1239 | UfuUfgccecesasg 2335 |antis |23
UGGGGCAAAUGAUG usgsgggcAfaAfUfGfau
AAGAAAC 1240 | gaagaaacL96 2336 | sense |21
GUUUCUUCAUCAUU gsUfsuucUfuCfAfucau
UGCCCCAGA 1241 | UfuGfccccasgsa 2337 |antis |23
CAAAGGGUGUCGUU csasaaggGfuGfUfCigu
cuuuucce 1242 | ucuuuuccL96 2338 | sense |21
GGAAAAGAACGACA gsGfsaaaAfgAfAfcgac
CCCUUUGUA 1243 | AfcCfcuuugsusa 2339 |antis |23
AAAGGGUGUCGUUC asasaqgggUIgUfCfGfuu
UUUUCCA 1244 | cuuuuccal96 2340 | sense |21
UGGAAAAGAACGAC usGfsgaaAfaGfAfacga
ACCCUUUGU 1245 | CfaCfccuuusgsu 2341 |antis |23
AAUACAAAGGGUGU asasuacaAfaGfGfGfug
CGUUCUU 1246 | ucguucuul96 2342 | sense |21
AAGAACGACACCCU asAfsgaaCfgAfCfaccc
UUGUAUUGA 1247 | UfuUfguauusgsa 2343 |antis |23
CAAUACAAAGGGUG csasauacAfaAfGEGIgu
UCGUUCU 1248 | gucguucul96 2344 | sense |21
AGAACGACACCCUU asGfsaacGfaCfAfcccu
UGUAUUGAA 1249 | UfuGfuauugsasa 2345 |antis |23
AAAGGCACUGAUGU asasaggcAfcUfGfAfug
UCUGAAA 1250 | uucugaaal96 2346 | sense |21
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UUUCAGAACAUCAG usUfsucaGfaAfCfauca
UGCCUUUCC 1251 | GfuGfccuuuscsc 2347 |antis |23
AAGGCACUGAUGUU asasggcaCfuGfAfUfqu
CUGAAAG 1252 | ucugaaagL96 2348 | sense |21
CUUUCAGAACAUCA csUfsuucAfgAfAfcauc
GUGCCUUUC 1253 | AfgUfgccuususc 2349 |antis |23
GCGGAAAGGCACUG gscsggaaAfgGfCfAfcu
AUGUUCU 1254 | gauguuculL96 2350 | sense |21
AGAACAUCAGUGCC asGfsaacAfuCfAfgugce
UUUCCGCAC 1255 | CfuUfuccgcsasc 2351 |antis |23
UGCGGAAAGGCACU usgscggalAfaGIGEfCtac
GAUGUUC 1256 | ugauguuclL96 2352 | sense |21
GAACAUCAGUGCCU gsAfsacaUfcAfGfugcc
UUCCGCACA 1257 | UfuUfccgcascsa 2353 |antis |23
AAGGAUGCUCCGGA asasggauGfcUfCfCigg
AUGUUGC 1258 | aauguugcL96 2354 | sense |21
GCAACAUUCCGGAG gsCfsaacAfulUfCfcgga
CAUCCUUGG 12585 | GfcAfuccuusgsg 2355 |antis |23
AGGAUGCUCCGGAA asgsgaugCfuCIiCfGtfga
UGUUGCU 1260 | auguugculL96 2356 |sense |21
AGCAACAUUCCGGA asGfscaaCfalUfUfccgg
GCAUCCUUG 1261 | AfgCfauccususg 2357 |antis |23
AUCCAAGGAUGCUC asusccaaGigAfUfGEicu
CGGAAUG 1262 | ccggaaugL9e 2358 | sense |21
CAUUCCGGAGCAUC csAfsuucCfgGfAfgcau
CUUGGAUAC 1263 | CfcUfuggausasc 2359 |antis |23
UAUCCAAGGAUGCU usasuccaAfgGfAfUfgce
CCGGAAU 1264 | uccggaaul96 2360 | sense |21
AUUCCGGAGCAUCC asUfsuccGfgAfGfcauc
UUGGAUACA 1265 | CfuUfggauascsa 2361 |antis |23
AAUGGGUGGCGGUA asasugggULgGICLGLgu
AUUGGUG 1266 | aauugguglL96 2362 | sense |21
CACCAAUUACCGCC csAfsccaAfuUfAfccge
ACCCAUUCC 1267 | CfaCfccauuscsc 2363 |antis |23
AUGGGUGGCGGUAA asusggguGigCfGtGtua
UUGGUGA 1268 | auuggugal96 2364 | sense |21
UCACCAAUUACCGC usCfsaccAfalUfUfaccyg
CACCCAUUC 1269 | CfcAfcccaususc 2365 |antis |23
UUGGAAUGGGUGGC ususggaaUfgGfGfUfgg
GGUAAUU 1270 | cgguaauulf6 2366 | sense |21
AAUUACCGCCACCC asAfsuuaCfcGifCfcacc
AUUCCAAUU 1271 | CfaUfuccaasusu 2367 |antis |23
AUUGGAAUGGGUGG asusuggalAfuGIGLGtug
CGGUAAU 1272 | gcgguaaul.96 2368 | sense |21
AUUACCGCCACCCA asUfsuacCfgCfCfaccc
UUCCAAUUC 1273 | AfuUfccaaususc 2369 |antis |23
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GGAAAGGCACUGAU gsgsaaagGicAfCfUfga
GUUCUGA 1274 | uguucugal.96 2370 | sense |21
UCAGAACAUCAGUG usCfsagaAfcAfUfcaqu
CCUUUCCGC 1275 | GfcCfuuuccsgsc 2371 |antis |23
GAAAGGCACUGAUG gsasaaggCfaCfUfGfau
UUCUGAA 1276 | guucugaal96 2372 | sense |21
UUCAGAACAUCAGU usUfscagAfaCfAfucag
GCCUUUCCG 1277 | UfgCfcuuucscsg 2373 |antis |23
GUGCGGAAAGGCAC gsusgcggAfaAfGfGtca
UGAUGUU 1278 | cugauguulL96 2374 | sense |21
AACAUCAGUGCCUU asAfscauCfaGfUfgccu
UCCGCACAC 1279 | UfuCfcgcacsasc 2375 |antis |23
UGUGCGGAAAGGCA usgsugcgGfaAfAfGIigc
CUGAUGU 1280 | acugaugulL96 2376 | sense |21
ACAUCAGUGCCUUU asCfsaucAfgUfGfccuu
CCGCACACC 1281 | UfcCfgcacascsc 2377 |antis |23
AAUUGUAAGCUCAG asasuuguAfaGfCfUfca
GUUCAAA 1282 | gguucaaal96 2378 | sense |21
UUUGAACCUGAGCU usUfsugadAfcCIiUfgagc
UACAAUUUA 1283 | UfuAfcaauususa 2379 |antis |23
AUUGUAAGCUCAGG asusuguadAfgCfUfCfag
UUCAAAG 1284 | guucaaaglL96 2380 | sense |21
CUUUGAACCUGAGC csUfsuugAfaCiCfugag
UUACAAUUU 1285 | CfuUfacaaususu 2381 |antis |23
CUUAAAUUGUAAGC csusuaaalUfuGfUfAfag
UCAGGUU 1286 | cucagguulL96 2382 | sense |21
AACCUGAGCUUACA asAfsccuGfaGfCfuuac
AUUUAAGAA 1287 | AfaUfuuaagsasa 2383 |antis |23
UCUUAAAUUGUAAG uscsuuaaAfulfGfUfaa
CUCAGGU 1288 | gcucaggulL96 2384 | sense |21
ACCUGAGCUUACAA asCfscugAfgCiUfuaca
UUUAAGAAC 1289 | AfuUfuaagasasc 2385 |antis |23
GCAAACACUAAGGU gscsaaacAfcUfAfALgg
GAAAAGA 1290 | ugaaaagal96 2386 | sense |21
UCUUUUCACCUUAG usCfsuuuUfcAfCfcuua
UGUUUGCUA 1291 | GfuGfuuugcsusa 2387 |antis |23
CAAACACUAAGGUG csasaacaCfuAfAfGigu
AAAAGAU 1292 | gaaaagaul96 2388 |sense |21
AUCUUUUCACCUUA asUfscuulUfuCfAfccuu
GUGUUUGCU 1293 | AfgUfguuugscsu 2389 |antis |23
GGUAGCAAACACUA gsgsuagcAfaAfCfAfcu
AGGUGAA 1294 | aaggugaal.96 2390 | sense |21
UUCACCUUAGUGUU usUfscacCfuUfAfgugu
UGCUACCUC 1295 | UfuGfcuaccsusc 2391 |antis |23
AGGUAGCAAACACU asgsquagCfaAfAfCtfac
AAGGUGA 1296 | uaaggugal96 2392 | sense |21
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UCACCUUAGUGUUU usCfsaccUfuAfGfuguu
GCUACCUCC 1297 | UfgCfuaccuscsc 2393 |antis |23
AGGUAGCAAACACU asgsqguagCfaAfAfCfac
AAGGUGA 1298 | uaaggugal96 2394 | sense |21
UCACCUUAGUGUUU usCfsaccUfuAfGfuguu
GCUACCUCC 1299 | UfgCfuaccuscsc 2395 |antis |23
GGUAGCAAACACUA gsgsuagcAfaAfCfAfcu
AGGUGAA 1300 | aaggugaalf6 2396 | sense |21
UUCACCUUAGUGUU usUfscacCfuUfAfgugu
UGCUACCUC 1301 | UfuGfcuaccsusc 2397 |antis |23
UUGGAGGUAGCAAA ususggagGfuAfGfCfaa
CACUAAG 1302 | acacuaagL96 2398 | sense |21
CUUAGUGUUUGCUA csUfsuagUfgUfUfugcu
CCUCCAAUU 1303 | AfcCfuccaasusu 2399 |antis |23
AUUGGAGGUAGCAA asusuggaGigUfAfGica
ACACUAA 1304 | aacacuaal96 2400 | sense |21
UUAGUGUUUGCUAC usUfsaguGfulUfUfgcua
CUCCAAUUU 1305 | CfcUfccaaususu 2401 |antis |23
UAAAGUGCUGUAUC usasaaguGLcULGLULau
CUUUAGU 1306 | ccuuuagulLf6 2402 | sense |21
ACUAAAGGAUACAG asCfsuaaAfgGfAfuaca
CACUUUAGC 1307 | GfcAfcuuuasgsc 2403 |antis |23
AAAGUGCUGUAUCC asasagugCfuGfUfAfuc
UUUAGUA 1308 | cuuuagual96 2404 | sense |21
UACUAAAGGAUACA usAfscuaAfaGfGfauac
GCACUUUAG 1308 | AfgCfacuuusasg 2405 |antis |23
AGGCUAAAGUGCUG asgsgcuaAfaGfUfGfcu
UAUCCUU 1310 | guauccuul96 2406 | sense |21
AAGGAUACAGCACU asAfsggaUfaCfAfgcac
UUAGCCUGC 1311 | UfuUfagccusgsc 2407 |antis |23
CAGGCUAAAGUGCU csasggcuAfaAfGfULgc
GUAUCCU 1312 | uguauccul96 2408 | sense |21
AGGAUACAGCACUU asGfsgauAfcAfGfcacu
UAGCCUGCC 1313 | UfuAfgccugscsc 2409 |antis |23
AAGACAUUGGUGAG asasgacaUfuGfGfUfga
GAAAAATU 1314 | ggaaaaaul96 2410 |sense |21
AUUUUUCCUCACCA asUfsuuuUfcCtUfcacc
AUGUCUUGU 1315 | AfaUfgucuusgsu 2411 |antis |23
AGACAUUGGUGAGG asgsacaulUfgGfUfGfag
AAAAATC 1316 | gaaaaaucL96 2412 | sense |21
GAUUUUUCCUCACC gsAfsuuuUfuCiCfucac
AAUGUCUUG 1317 | CfaAfugucususg 2413 |antis |23
CGACAAGACAUUGG csgsacaaGfaCfAfUfug
UGAGGAA 1318 | gugaggaalf6 2414 | sense |21
UUCCUCACCAAUGU usUfsccuCfaCfCfaaug
CUUGUCGAU 1319 | UfcUfugucgsasu 2415 |antis |23
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UCGACAAGACAUUG uscsgacaAfgAfCfAfuu
GUGAGGA 1320 | ggugaggal96 2416 | sense |21
UCCUCACCAAUGUC usCfscucAfcCfAfauqu
UUGUCGAUG 1321 | CfuUfgucgasusg 2417 |antis |23
AAGAUGUCCUCGAG asasgaugUfcCfUfCfga
AUACUAA 1322 | gauacuaal96 2418 | sense |21
UUAGUAUCUCGAGG usUfsaguAfuCfUfcgag
ACAUCUUGA 1323 | GfaCfaucuusgsa 2419 |antis |23
AGAUGUCCUCGAGA asgsauguCfcUICLfGLag
UACUAAA 1324 | auacuaaal96 2420 | sense |21
UUUAGUAUCUCGAG usUfsuagUfalUiCfucga
GACAUCUUG 1325 | GfgAfcaucususg 2421 |antis |23
GUUCAAGAUGUCCU gsusucaaGfaUfGfUfcc
CGAGAUA 1326 | ucgagaual96 2422 | sense |21
UAUCUCGAGGACAU usAfsucuCfgAfGfgaca
CUUGAACAC 1327 | UfcUfugaacsasc 2423 |antis |23
UGUUCAAGAUGUCC usgsuucaAfgAfUfGfuc
UCGAGAU 1328 | cucgagaul96 2424 | sense |21
AUCUCGAGGACAUC asUfscucGfaGiGfacau
UUGAACACC 1329 | CfuUfgaacascsc 2425 |antis |23
GAGAAAGGUGUUCA gsasgaaaGiqgUIGLtUfuc
AGAUGUC 1330 | aagauguclL96 2426 | sense |21
GACAUCUUGAACAC gsAfscauCfuUfGfaaca
CUUUCUCCC 1331 | CfcUfuucucscsc 24277 |antis |23
AGAAAGGUGUUCAA asgsaaagGiuGfUfUfca
GAUGUCC 1332 | agauguccL96 2428 | sense |21
GGACAUCUUGAACA gsGfsacaUfcUfUfgaac
CCUUucucc 1333 | AfcCfuuucuscsc 2429 |antis |23
GGGGGAGAAAGGUG gsgsgggaGfaAfAfGfgu
UUCAAGA 1334 | guucaagal96 2430 |sense |21
UCUUGAACACCUUU usCfsuugAfaCfAfccuu
CUCCCCCUG 1335 | UfcUfccceesusg 2431 |antis |23
AGGGGGAGAAAGGU asgsggggAfgAfAfALfgg
GUUCAAG 1336 | uguucaaglL96 2432 | sense |21
CUUGAACACCUUUC csUfsugaAfcAfCfcuuu
UCCCCCUGG 1337 | CfuCfccccusgsg 2433 |antis |23
GCUGGGAAGAUAUC gscsugggAfaGfAfUfau
AAAUGGC 1338 | caaauggcL96 2434 | sense |21
GCCAUUUGAUAUCU gsCfscauUfuGfAfuauc
UCCCAGCUG 1339 | UfuCfccagcsusg 2435 |antis |23
CUGGGAAGAUAUCA csusgggaAfgAfUfAfuc
AAUGGCU 1340 | aaauggcul.96 2436 | sense |21
AGCCAUUUGAUAUC asGfsccalUfulUfGfauau
UUCCCAGCU 1341 | CfuUfcccagscsu 2437 |antis |23
AUCAGCUGGGAAGA asuscagcULgGEiGfAfag
UAUCAAA 1342 | auaucaaalf6 2438 | sense |21
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UUUGAUAUCUUCCC usUfsugaUfaUfCfuucc
AGCUGAUAG 1343 | CfaGfcugausasg 2439 |antis |23
UAUCAGCUGGGAAG usasucagCfuGfGfGtaa
AUAUCAA 1344 | gauaucaal96 2440 | sense |21
UUGAUAUCUUCCCA usUfsgauAfuCfUfuccc
GCUGAUAGA 1345 | AfgCfugauasgsa 2441 |antis |23
UCUGUCGACUUCUG uscsugucGfaCfUfUfcu
UUUUAGG 1346 | guuuuagglL96 2442 | sense |21
CCUAAAACAGAAGU csCfsuaaAfaCfAfgaag
CGACAGAUC 1347 | UfcGfacagasusc 2443 |antis |23
CUGUCGACUUCUGU csusgucgAfcULfULCLtug
UUUAGGA 1348 | uuuuaggalf6 2444 | sense |21
UCCUAAAACAGAAG usCfscuaAfaAfCfagaa
UCGACAGAU 1349 | GfuCfgacagsasu 2445 |antis |23
CAGAUCUGUCGACU csasgaucUfgUfCfGLac
UCuUGUUU 1350 | uucuguuulL96 2446 | sense |21
AAACAGAAGUCGAC asAfsacaGfaAfGfucga
AGAUCUGUU 1351 | CfaGfaucugsusu 2447 |antis |23
ACAGAUCUGUCGAC ascsagauCfuGIUfCtfga
UuCuGUU 1352 | cuucuguulf6 2448 | sense |21
AACAGAAGUCGACA asAfscagAfaGfUfcgac
GAUCUGUUU 1353 | AfgAfucugususu 2449 |antis |23
UACUUCUUUGAAUG usascuucULuUfGfAfau
UAGAUUU 1354 | guagauuulL96 2450 | sense |21
AAAUCUACAUUCAA asAfsaucUfaCfAfuuca
AGAAGUAUC 1355 | AfaGfaaguasusc 2451 |antis |23
ACUUCUUUGAAUGU ascsuucuULfuGfAfAfug
AGAUUUC 1356 | uagauuucL96 2452 | sense |21
GAAAUCUACAUUCA gsAfsaauCfuAfCfauuc
AAGAAGUAU 1357 | AfaAfgaagusasu 2453 |antis |23
GUGAUACUUCUUUG gsusgauaCfuUICfUfuu
AAUGUAG 1358 | gaauguagL96 2454 | sense |21
CUACAUUCAAAGAA csUfsacaUfuCfAfaaga
GUAUCACCA 1359 | AfgUfaucacscsa 2455 |antis |23
GGUGAUACUUCUUU gsgsugauAfcUfUfCLfuu
GAAUGUA 1360 | ugaaugualf6 2456 | sense |21
UACAUUCAAAGAAG usAfscauUfcAfAfagaa
UAUCACCAA 1361 | GfuAfucaccsasa 2457 |antis |23
UGGGAAGAUAUCAA usgsggaaGfaUfAfUfca
AUGGCUG 1362 | aauggcuglL96 2458 | sense |21
CAGCCAUUUGAUAU csAfsgccAfuUfUfgaua
CUUCCCAGC 1363 | UfcUfucccasgsc 2459 |antis |23
GGGAAGAUAUCAAA gsgsgaagAfuAfUfCfaa
UGGCUGA 1364 | auggcugal.96 2460 | sense |21
UCAGCCAUUUGAUA usCfsagcCfalUfUfugau
UCUUCCCAG 1365 | AfuCfuucccsasg 2461 |antis |23
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CAGCUGGGAAGAUA csasgcugGEfgAfAfGLfau
UCAAAUG 1366 | aucaaauglL96 2462 | sense |21
CAUUUGAUAUCUUC csAfsuuuGfaUfAfucuu
CCAGCUGAU 1367 | CfcCfagcugsasu 2463 |antis |23
UCAGCUGGGAAGAU uscsagcuGfgGfAfAfga
AUCAAAU 1368 | uaucaaaul96 2464 | sense |21
AUUUGAUAUCUUCC asUfsuugAfuAfUfcuuc
CAGCUGAUA 1369 | CfcAfgcugasusa 2465 |antis |23
UCCAAAGUCUAUAU uscscaaaGiuCtfUfAfua
AUGACUA 1370 | uaugacual.96 2466 | sense |21
UAGUCAUAUAUAGA usAfsgucAfuAfUfauag
CUUUGGAAG 1371 | AfcUfuuggasasg 2467 |antis |23
CCAAAGUCUAUAUA cscsaaaqgUEcULAfULfau
UGACUAU 1372 | augacuaul96 2468 | sense |21
AUAGUCAUAUAUAG asUfsaguCfaUfAfuaua
ACUUUGGAA 1373 | GfaCfuuuggsasa 2469 |antis |23
UACUUCCAAAGUCU usascuucCfaAfAfGfuc
AUAUAUG 1374 | uauauauglL96 2470 | sense |21
CAUAUAUAGACUUU csAfsuauAfuAfGfacuu
GGAAGUACU 1375 | UfgGfaaguascsu 2471 |antis |23
GUACUUCCAAAGUC gsusacuuCfcAfAfAfqgu
UAUAUAU 1376 | cuauauaul.96 2472 | sense |21
AUAUAUAGACUUUG asUfsauaUfaGfAfcuuu
GAAGUACUG 1377 | GftgAfaguacsusg 2473 |antis |23
UUAUGAACAACAUG ususaugaAfcAfAfCfau
CUAAAUC 1378 | gcuaaaucL96 2474 | sense |21
GAUUUAGCAUGUUG gsAfsuuuAfgCfAfuguu
UUCAUAAUC 1379 | GfuUfcauaasusc 2475 |antis |23
UAUGAACAACAUGC usasugaaCfaAfCfAfug
UAAAUCA 1380 | cuaaaucalf6 2476 | sense |21
UGAUUUAGCAUGUU usGfsauuUfaGiCfaugu
GUUCAUAAU 1381 | UfgUfucauasasu 2477 |antis |23
AUGAUUAUGAACAA asusgauuRAfuGfAfAfca
CAUGCUA 1382 | acaugcual96 2478 | sense |21
UAGCAUGUUGUUCA usAfsgcalUfgUfUfguuc
UAAUCAUUG 1383 | AfuAfaucaususg 2479 |antis |23
AAUGAUUAUGAACA asasugauUfaUfGfAfac
ACAUGCU 1384 | aacaugcul96 2480 | sense |21
AGCAUGUUGUUCAU asGfscauGfulUfGfuuca
AAUCAUUGA 1385 | UfaAfucauusgsa 2481 |antis |23
AAUUCCCCACUUCA asasuuccCIicAfCfULuc
AUACAAA 1386 | aauacaaal.96 2482 | sense |21
UUUGUAUUGAAGUG usUfsuguAfulUfGfaagu
GGGAAUUAC 1387 | GfgGfgaauusasc 2483 |antis |23
AUUCCCCACUUCAA asusucccCfaCfUfUfca
UACAAAG 1388 | auacaaaglLf6 2484 | sense |21
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CUUUGUAUUGAAGU csUfsuugUfaUfUfgaag
GGGGAAUUA 1389 | UfgGfggaaususa 2485 |antis |23
CUGUAAUUCCCCAC csusguaalUfuCfCfCtca
UUCAAUA 1390 | cuucaaual96 2486 |sense |21
UAUUGAAGUGGGGA usAfsuugAfaGfUfgggg
AUUACAGAC 1391 | AfaUfuacagsasc 2487 |antis |23
UCUGUAAUUCCCCA uscsuguaAfulUfCfCfcc
CUUCAAU 1392 | acuucaaulf6 2488 | sense |21
AUUGAAGUGGGGAA asUfsugaAfgULGLggga
UUACAGACU 1393 | AfuUfacagascsu 2489 |antis |23
UGAUGUGCGUAACA usgsauguGfcGIUfAfac
GAUUCAA 1394 | agauucaal.96 2490 | sense |21
UUGAAUCUGUUACG usUfsgaaUfcUfGfuuac
CACAUCAUC 1395 | GfcAfcaucasusc 2491 |antis |23
GAUGUGCGUAACAG gsasugugCfgUfAfAfca
AUUCAAA 1396 | gauucaaal96 2492 | sense |21
UUUGAAUCUGUUAC usUfsugaAfuCfUfguua
GCACAUCAU 1397 | CfgCfacaucsasu 2493 |antis |23
UGGAUGAUGUGCGU usgsgaugAfuGIULGLcyg
AACAGAU 1398 | uaacagaul96 2494 | sense |21
AUCUGUUACGCACA asUfscugUfuAfCfgcac
UCAUCCAGA 1399 | AfuCfauccasgsa 2495 |antis |23
CUGGAUGAUGUGCG csusggauGfalUfGfULfge
UAACAGA 1400 | guaacagal96 2496 | sense |21
UCUGUUACGCACAU usCfsugulUfaCfGfcaca
CAUCCAGAC 1401 | UfcAfuccagsasc 2497 |antis |23
GAAUGGGUGGCGGU gsasauggGfuGfGfCfgg
AAUUGGU 1402 | uvaauuggulL96 2498 |sense |21
ACCAAUUACCGCCA asCfscaaUfuAfCfcgcece
CCCAUUCCA 1403 | AfcCfcauucscsa 2499 |antis |23
AAUGGGUGGCGGUA asasugggULgGICLGLgu
AUUGGUG 1404 | aauuggugL96 2500 | sense |21
CACCAAUUACCGCC csAfsccaAfuUfAfccge
ACCCAUUCC 1405 | CfaCfccauuscsc 2501 |antis |23
AUUGGAAUGGGUGG asusuggaAfuGfGtGiug
CGGUAAU 1406 | gcgguaaul96 2502 | sense |21
AUUACCGCCACCCA asUfsuacCfgCfCfaccc
UUCCAAUUC 1407 | AfuUfccaaususc 2503 |antis |23
AAUUGGAAUGGGUG asasuuggAfalUfGfGfgu
GCGGUAA 1408 | ggcgguaalf6 2504 | sense |21
UUACCGCCACCCAU usUfsaccGfcCfAfccca
UCCAAUUCU 1409 | UfuCfcaauuscsu 2505 |antis |23
UCCGGAAUGUUGCU uscscggalAfuGIULULgc
GAAACAG 1410 | ugaaacaglL96 2506 | sense |21
CUGUUUCAGCAACA csUfsguuUfcAfGfcaac
UUCCGGAGC 1411 | AfuUfccggasgsc 2507 |antis |23
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CCGGAAUGUUGCUG cscsggaalUfgUfUfGLicu
AAACAGA 1412 | gaaacagal96 2508 | sense |21
UCUGUUUCAGCAAC usCfsuguUfuCfAfgcaa
AUUCCGGAG 1413 | CfaUfuccggsasg 2509 |antis |23
AUGCUCCGGAAUGU asusgcucCifgGfAfAfug
UGCUGAA 1414 | uugcugaal96 2510 | sense |21
UUCAGCAACAUUCC usUfscagCfaAfCfauuc
GGAGCAUCC 1415 | CfgGfagcauscsc 2511 |antis |23
GAUGCUCCGGAAUG gsasugcuCfcGIGfAfau
UUGCUGA 1416 | guugcugal.96 2512 | sense |21
UCAGCAACAUUCCG usCfsagcAfaCfAfuucc
GAGCAUCCU 1417 | GfgAfgcaucscsu 2513 |antis |23
UGUCCUCGAGAUAC usgsuccuCfgAfGfAfua
UAAAGGA 1418 | cuaaaggalf6 2514 | sense |21
UCCUUUAGUAUCUC usCfscuulUfaGfUfaucu
GAGGACAUC 1419 | CfgAfggacasusc 2515 |antis |23
GUCCUCGAGAUACU gsusccucGfaGfAfUfac
AAAGGAA 1420 |uaaaggaalf6 2516 |sense |21
UUCCUUUAGUAUCU usUfscculUfuAfGfuauc
CGAGGACAU 1421 | UfcGfaggacsasu 2517 |antis |23
AAGAUGUCCUCGAG asasgaugUfcCIfUfCfga
AUACUAA 1422 | gauacuaal.96 2518 | sense |21
UUAGUAUCUCGAGG usUfsaguAfuCfUfcgag
ACAUCUUGA 1423 | GfaCfaucuusgsa 2519 |antis |23
CAAGAUGUCCUCGA csasagauGfuCfCfUfcg
GAUACUA 1424 | agauacual96 2520 | sense |21
UAGUAUCUCGAGGA usAfsqgualUfcUfCfgagg
CAUCUUGAA 1425 | AfcAfucuugsasa 2521 |antis |23
ACAACAUGCUAAAU ascsaacaUfgCfUfAfaa
CAGUACU 1426 | ucaguaculL96 2522 | sense |21
AGUACUGAUUUAGC asGfsuacULgAfUfuuag
AUGUUGUUC 1427 | CfaUfguugususc 2523 |antis |23
CAACAUGCUAAAUC csasacauGfcUfAfAfau
AGUACUU 1428 | caguacuulL96 2524 | sense |21
AAGUACUGAUUUAG asAfsqguaCfuGfAfuuua
CAUGUUGUU 1429 | GfcAfuguugsusu 2525 |antis |23
AUGAACAACAUGCU asusgaacAfaCfAfUfgce
AAAUCAG 1430 |uaaaucagL96 2526 |sense |21
CUGAUUUAGCAUGU csUfsgaulUfuAfGfcaug
UGUUCAUAA 1431 | UfuGfuucausasa 2527 |antis |23
UAUGAACAACAUGC usasugaaCfaAfCfAfug
UAAAUCA 1432 | cuaaaucal96 2528 | sense |21
UGAUUUAGCAUGUU usGfsauuUfaGiCfaugu
GUUCAUAAU 1433 | UfgUfucauasasu 2529 |antis |23
GCCAAGGCUGUGUU gscscaagGicUEGEULqu
UGUGGGG 1434 | uuguggggL96 2530 | sense |21
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CCCCACAAACACAG csCfsccaCfaAfAfcaca
CCUUGGCGC 1435 | GfcCfuuggesgsc 2531 |antis |23
CCAAGGCUGUGUUU cscsaaggCfuGfUfGLiuu
GUGGGGA 1436 | uguggggal96 2532 | sense |21
UCCCCACAAACACA usCfscccAfcAfAfacac
GCCUUGGCG 1437 | AfgCfcuuggscsg 2533 |antis |23
UGGCGCCAAGGCUG usgsgcgceCfaAfGfGfcu
UGUUUGU 1438 | guguuugulL96 2534 | sense |21
ACAAACACAGCCUU asCfsaaaCfaCfAfgccu
GGCGCCAAG 1439 | UfgGfcgccasasg 2535 |antis |23
UUGGCGCCAAGGCU ususggcgCLfcAfAfGEge
GUGUUUG 1440 | uguguuuglL96 2536 | sense |21
CAAACACAGCCUUG csAfsaacAfcAfGfccuu
GCGCCAAGA 1441 | GfgCfgccaasgsa 2537 |antis |23
UGAAAGCUCUGGCU usgsaaagCfuCfUfGigce
CUUGGCG 1442 | ucuuggcgL96 2538 | sense |21
CGCCAAGAGCCAGA csGfsccaAfgAfGfccag
GCUUUCAGA 1443 | AfgCfuuucasgsa 2539 |antis |23
GAAAGCUCUGGCUC gsasaagcULcULGEGEcu
UUGGCGC 1444 | cuuggcgcL96 2540 | sense |21
GCGCCAAGAGCCAG gsCfsgccAfaGfAfgcca
AGCUUUCAG 1445 | GfaGfcuuucsasg 2541 |antis |23
GUUCUGAAAGCUCU gsusucugAfaAfGfCtuc
GGCUCUU 1446 | uggcucuulL96 2542 | sense |21
AAGAGCCAGAGCUU asAfsgagCfcAfGfagcu
UCAGAACAU 1447 | UfuCfagaacsasu 2543 |antis |23
UGUUCUGAAAGCUC usgsuucuGfaAfAfGfcu
UGGCUCU 1448 | cuggcucul96 2544 | sense |21
AGAGCCAGAGCUUU asGfsagecCfaGfAfgcuu
CAGAACAUC 1449 | UfcAfgaacasusc 2545 |antis |23
CAGCCACUAUUGAU csasgccaCfuAfUfULga
GUUCUGC 1450 | uguucugcL96 2546 | sense |21
GCAGAACAUCAAUA gsCfsagaAfcAfUfcaau
GUGGCUGGC 1451 | AfgUfggcugsgsc 2547 |antis |23
AGCCACUAUUGAUG asgsccacUfaUfUfGfau
UUCUGCC 1452 | guucugccLS96 2548 | sense |21
GGCAGAACAUCAAU gsGfscagAfaCfAfucaa
AGUGGCUGG 1453 | UfaGfuggcusgsg 2549 |antis |23
GUGCCAGCCACUAU gsusgccaGfcCfAfCfua
UGAUGUU 1454 | uugauguulL96 2550 | sense |21
AACAUCAAUAGUGG asAfscauCfaAfUfaqug
CUGGCACCC 1455 | GfcUfggcacscsc 2551 |antis |23
GGUGCCAGCCACUA gsgsugccAfgCiCfAfcu
UUGAUGU 1456 | auugaugulL96 2552 | sense |21
ACAUCAAUAGUGGC asCfsaucAfaUfAfgugg
UGGCACCCC 1457 | CfuGfgcaccscsc 2553 |antis |23
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ACAAGGACCGAGAA ascsaagghAfcCfGfAfga
GUCACCA 1458 | agucaccal.96 2554 | sense |21
UGGUGACUUCUCGG usGfsqgugAfcUfUfcucyg
UCCUUGUAG 1459 | GfuCfcuugusasg 2555 |antis |23
CAAGGACCGAGAAG csasaggaCfcGfAfGLfaa
UCACCAA 1460 | gucaccaal96 2556 | sense |21
UUGGUGACUUCUCG usUfsgguGfaCfUfucuc
GUCCUUGUA 1461 | GfgUfccuugsusa 2557 |antis |23
AUCUACAAGGACCG asuscuacAfaGILGfALfcc
AGAAGUC 1462 | gagaaguclL96 2558 | sense |21
GACUUCUCGGUCCU gsAfscuuCfuCfGfgucc
UGUAGAUAU 1463 | UfuGfuagausasu 2559 |antis |23
UAUCUACAAGGACC usasucuaCfaAfGfGfac
GAGAAGU 1464 | cgagaagulL96 2560 | sense |21
ACUUCUCGGUCCUU asCfsuucUfcGfGfuccu
GUAGAUAUA 1465 | UfgUfagauasusa 2561 |antis |23
CAGAAUGUGAAAGU csasgaauGfuGfAfAfag
CAUCGAC 1466 | ucaucgacL96 2562 | sense |21
GUCGAUGACUUUCA gsUfscgalUfgAfCfuuuc
CAUUCUGGC 1467 | AfcAfuucugsgsc 2563 |antis |23
AGAAUGUGAAAGUC asgsaaugULfgAfAfAfgu
AUCGACA 1468 | caucgacal96 2564 | sense |21
UGUCGAUGACUUUC usGfsucgAfuGfAfcuuu
ACAUUCUGG 1469 | CfaCfauucusgsg 2565 |antis |23
GUGCCAGAAUGUGA gsusgccaGfaAfUfGiug
AAGUCAU 1470 | aaagucaul96 2566 | sense |21
AUGACUUUCACAUU asUfsgacUfulUfCfacau
CUGGCACCC 1471 | UfcUfggcacscsc 2567 |antis |23
GGUGCCAGAAUGUG gsgsugccAfgAfAfUfgu
AAAGUCA 1472 | gaaagucal96 2568 |sense |21
UGACUUUCACAUUC usGfsaculUfuCfAfcauu
UGGCACCCA 1473 | CfuGfgcaccscsa 2569 |antis |23
AGAUGUCCUCGAGA asgsauguCfcUfCfGfag
UACUAAA 1474 | auacuaaal96 2570 | sense |21
UUUAGUAUCUCGAG usUfsuagUfaUfCfucga
GACAUCUUG 1475 | GEgAfcaucususg 2571 |antis |23
GAUGUCCUCGAGAU gsasugucCfuCfGfAfga
ACUAAAG 1476 | uacuaaaglL96 2572 | sense |21
CUUUAGUAUCUCGA csUfsuuaGfuAfUfcucg
GGACAUCUU 1477 | AfgGfacaucsusu 2573 |antis |23
UUCAAGAUGUCCUC ususcaagAfuGIULCtcu
GAGAUAC 1478 | cgagauaclL96 2574 | sense |21
GUAUCUCGAGGACA gsUfsaucUfcGfAfggac
UCUUGAACA 1479 | AfuCfuugasascsa 2575 |antis |23
GUUCAAGAUGUCCU gsusucaaGfaUfGfUfcc
CGAGAUA 1480 | ucgagaual96 2576 | sense |21
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UAUCUCGAGGACAU usAfsucuCfgAfGfgaca
CUUGAACAC 1481 | UfcUfugaacsasc 2577 |antis |23
GUGGACUUGCUGCA gsusggacULfuGfCfUfgc
UAUGUGG 1482 | auauguggL96 2578 | sense |21
CCACAUAUGCAGCA csCfsacaUfaUfGfcagc
AGUCCACUG 1483 | AfaGfuccacsusg 2579 |antis |23
UGGACUUGCUGCAU usgsgacuUfgCfUfGfca
AUGUGGC 1484 | uauguggcL96 2580 | sense |21
GCCACAUAUGCAGC gsCfscacAfuAfUfgcag
AAGUCCACU 1485 | CfaAfguccascsu 2581 |antis |23
GACAGUGGACUUGC gsascaguGLgAfCfUfug
UGCAUAU 1486 | cugcauaul.96 2582 | sense |21
AUAUGCAGCAAGUC asUfsaugCfaGfCfaaqu
CACUGUCGU 1487 | CfcAfcugucsgsu 2583 |antis |23
CGACAGUGGACUUG csgsacagUfgGIAfCLiuu
CUGCAUA 1488 | gcugcaual96 2584 | sense |21
UAUGCAGCAAGUCC usAfsugcAfgCfAfaqguc
ACUGUCGUC 1488 | CfaCfugucgsusc 2585 |antis |23
AACCAGUACUUUAU asasccagUfaCiUfUfua
CAUUUUC 1490 | ucauuuucL96 2586 | sense |21
GAAAAUGAUAAAGU gsAfsaaalUfgAfUfaaag
ACUGGUUUC 1491 | UfaCfugguususc 2587 |antis |23
ACCAGUACUUUAUC ascscaguAfcUfUfUfau
AUUUUCU 1492 | cauuuuculL96 2588 | sense |21
AGAAAAUGAUAAAG asGfsaaaAfuGfAfuaaa
UACUGGUUU 1493 | GfuAfcuggususu 2589 |antis |23
UUGAAACCAGUACU ususgaaaCfcAfGfUfac
UUAUCAU 1494 | uuuaucaul96 2590 | sense |21
AUGAUAAAGUACUG asUfsgauAfaAfGfuacu
GUUUCAAAA 1495 | GfgUfuucaasasa 2591 |antis |23
UUUGAAACCAGUAC ususugaalAfcCIiAfGfua
UUUAUCA 1496 | cuuuaucal96 2592 | sense |21
UGAUAAAGUACUGG usGfsauaAfaGfUfacug
UUUCAAAAU 1497 | GfuUfucazasasu 2593 |antis |23
CGAGAAGUCACCAA csgsagaaGfuCfAfCica
GAAGCUA 1498 | agaagcualf6 2594 | sense |21
UAGCUUCUUGGUGA usAfsgculUfcUfUfggug
CUUCUCGGU 1495 | AfcUfucucgsgsu 2595 |antis |23
GAGAAGUCACCAAG gsasgaagUfcAfCfCfaa
AAGCUAG 1500 | gaagcuagL96 2596 | sense |21
CUAGCUUCUUGGUG csUfsagcULfuCfUfuggu
ACUUCUCGG 1501 | GfaCfuucucsgsg 2597 |antis |23
GGACCGAGAAGUCA gsgsaccgAfgAfAfGfuc
CCAAGAA 1502 | accaagaal.96 2598 | sense |21
UUCUUGGUGACUUC usUfscuuGtgUfGfacuu
UCGGUCCUU 1503 | CfuCfgguccsusu 2599 |antis |23
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AGGACCGAGAAGUC asgsgaccGfaGfAfAfqu
ACCAAGA 1504 | caccaagal.96 2600 | sense |21
UCUUGGUGACUUCU usCfsuugGfuGfAfcuuc
CGGUCCUUG 1505 | UfcGfguccususg 2601 |antis |23
UCAAAGUGUUGGUA uscsaaagUfgUfUfGigu
AUGCCUG 1506 | aaugccuglL96 2602 | sense |21
CAGGCAUUACCAAC csAfsggcAfulUfAfccaa
ACUUUGAAC 1507 | CfaCfuuugasasc 2603 |antis |23
CAAAGUGUUGGUAA csasaaguGLfuULGLGLfua
UGCCUGA 1508 | augccugalf96 2604 | sense |21
UCAGGCAUUACCAA usCfsaggCfalUfUfacca
CACUUUGAA 1509 | AfcAfcuuugsasa 2605 |antis |23
AGGUUCAAAGUGUU asgsqguucAfaAfGfUfqu
GGUAAUG 1510 | ugguaaugL96 2606 | sense |21
CAUUACCAACACUU csAfsuuaCfcAfAfcacu
UGAACCUGA 1511 | UfuGfaaccusgsa 2607 |antis |23
CAGGUUCAAAGUGU csasgguuCfaAfAfGrug
UGGUAAU 1512 | uugguaaulf6 2608 | sense |21
AUUACCAACACUUU asUfsuacCfaAfCfacuu
GAACCUGAG 1513 | UfgAfaccugsasg 2609 |antis |23
UAUUACUUGACAAA usasuuacUfuGfAfCfaa
GAGACAC 1514 | agagacaclL96 2610 | sense |21
GUGUCUCUUUGUCA gsUfsqgucUfcUfUfugquc
AGUAAUACA 1515 | AfaGfuaauascsa 2611 |antis |23
AUUACUUGACAAAG asusuacuUfgAfCfAfaa
AGACACU 1516 | gagacacul96 2612 | sense |21
AGUGUCUCUUUGUC asGfsuguCfuCfUfuugu
AAGUAAUAC 1517 | CfaAfguaausasc 2613 |antis |23
CAUGUAUUACUUGA csasugualUfuAfCfULfug
CAAAGAG 1518 | acaaagagL96 2614 |sense |21
CUCUUUGUCAAGUA csUfscuuUfgUfCfaagu
AUACAUGCU 1519 | AfaUfacaugscsu 2615 |antis |23
GCAUGUAUUACUUG gscsauguAfuUfAfCfuu
ACAAAGA 1520 | gacaaagal96 2616 | sense |21
UCUUUGUCAAGUAA usCfsuuuGfuCfAfagua
UACAUGCUG 1521 | AfuAfcaugcsusg 2617 |antis |23
AAAGUCAUCGACAA asasagucAfuCfGfAfca
GACAUUG 1522 | agacauugL96 2618 |sense |21
CAAUGUCUUGUCGA csAfsaugUfcUfUfgucyg
UGACUUUCA 1523 | AfuGfacuuuscsa 2619 |antis |23
AAGUCAUCGACAAG asasgucaUfcGIAfCfaa
ACAUUGG 1524 | gacauuggL96 2620 | sense |21
CCAAUGUCUUGUCG csCisaauGfuCtfUfuguc
AUGACUUUC 1525 | GfaUfgacuususc 2621 |antis |23
UGUGAAAGUCAUCG usgsugaaAfgUfCfAfuc
ACAAGAC 1526 | gacaagacL96 2622 | sense |21
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GUCUUGUCGAUGAC gsUfscuuGfuCfGfauga
UUUCACAUU 1527 | CfuUfucacasusu 2623 |antis |23
AUGUGAAAGUCAUC asusqugaAfaGfUfCfau
GACAAGA 1528 | cgacaagalf6 2624 | sense |21
UCUUGUCGAUGACU usCfsuugUfcGfAfugac
UUCACAUUC 1529 | UfuUfcacaususc 2625 |antis |23
AUAUGUGGCUAAAG asusauguGfgCfUfAfaa
CAAUAGA 1530 | gcaauagal96 2626 |sense |21
UCUAUUGCUUUAGC usCfsuaulUfgCiUfuuag
CACAUAUGC 1531 | CfcAfcauausgsc 2627 |antis |23
UAUGUGGCUAAAGC usasugugGEfcULfAfAfag
AAUAGAC 1532 | caauagaclL96 2628 | sense |21
GUCUAUUGCUUUAG gsUfscualUfuGfCfuuua
CCACAUAUG 1533 | GfcCfacauasusg 2629 |antis |23
CUGCAUAUGUGGCU csusgcauAfuGtULfGIigce
AAAGCAA 1534 | uaaagcaal96 2630 | sense |21
UUGCUUUAGCCACA usUfsgcuUfuAfGfccac
UAUGCAGCA 1535 | AfuAfugcagscsa 2631 |antis |23
GCUGCAUAUGUGGC gscsugcalUfaUfGLULgg
UAAAGCA 1536 | cuaaagcalf6 2632 | sense |21
UGCUUUAGCCACAU usGfscuulUfaGiCfcaca
AUGCAGCAA 1537 | UfaUfgcagcsasa 2633 |antis |23
AGACGACAGUGGAC asgsacgaCfaGfUfGiga
UUGCUGC 1538 | cuugcugcL96 2634 | sense |21
GCAGCAAGUCCACU gsCfsagcAfaGfUfccac
GUCGUCUCC 1539 | UfgUfcgucuscsc 2635 |antis |23
GACGACAGUGGACU gsascgacAfqgUfGfGfac
UGCUGCA 1540 | uugcugcal96 2636 | sense |21
UGCAGCAAGUCCAC usGfscagCfaAfGfucca
UGUCGUCUC 1541 | CfuGfucgucsusc 2637 |antis |23
UUGGAGACGACAGU ususggagAfcGIAfCfag
GGACUUG 1542 | uggacuugL96 2638 | sense |21
CAAGUCCACUGUCG csAfsaguCfcAfCfuguc
UCUCCAAAA 1543 | GfuCfuccaasasa 2639 |antis |23
UUUGGAGACGACAG ususuggaGfaCfGfAfca
UGGACUU 1544 | guggacuulLS6 2640 | sense |21
AAGUCCACUGUCGU asAfsgucCfaCfUfgucg
CUCCAAAAU 1545 | UfcUfccaaasasu 2641 |antis |23
GGCCACCUCCUCAA gsgsccacCfuCfCfUfca
UUGAAGA 1546 | auugaagal96 2642 |sense |21
UCUUCAAUUGAGGA usCfsuucAfalUfUfgagg
GGUGGCCCA 1547 | AfgGfuggccscsa 2643 |antis |23
GCCACCUCCUCAAU gscscaccUfcCfUfCfaa
UGAAGAA 1548 | uugaagaal.96 2644 | sense |21
UUCUUCAAUUGAGG usUfscuuCfaAfUfugag
AGGUGGCCC 1549 | GfaGfguggcscsc 2645 |antis |23
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CCUGGGCCACCUCC cscsugggCfcAfCfCLfuc
UCAAUUG 1550 | cucaauuglL96 2646 | sense |21
CAAUUGAGGAGGUG csAfsauuGfaGfGfaggu
GCCCAGGAA 1551 | GfgCfccaggsasa 2647 |antis |23
UCCUGGGCCACCUC uscscuggGicCfAfCEIcu
CUCAAUU 1552 | ccucaauul96 2648 | sense |21
AAUUGAGGAGGUGG asAfsuugAfgGfAfggug
CCCAGGAAC 1553 | GfcCfcaggasasc 2649 |antis |23
UGUAUGUUACUUCU usgsuaugULuAICfUfuc
UAGAGAG 1554 | uuagagagL96 2650 | sense |21
CUCUCUAAGAAGUA csUfscucUfaAfGfaagu
ACAUACAUC 1555 | AfaCfauacasusc 2651 |antis |23
GUAUGUUACUUCUU gsusauguUfaCfUfUfcu
AGAGAGA 1556 | uagagagalS6 2652 | sense |21
UCUCUCUAAGAAGU usCfsucuCfuAfAfgaag
AACAUACAU 1557 | UfaAfcauacsasu 2653 |antis |23
AGGAUGUAUGUUAC asgsgaugUfaUfGfUfua
UUCUUAG 1558 | cuucuuaglL96 2654 | sense |21
CUAAGAAGUAACAU csUfsaagAfaGiUfaaca
ACAUCCUAA 1559 | UfaCfauccusasa 2655 |antis |23
UAGGAUGUAUGUUA usasggauGfuAfULfGfuu
CUUCUUA 1560 | acuucuualf6 2656 | sense |21
UAAGAAGUAACAUA usAfsagaAfgUfAfacau
CAUCCUAAA 1561 | AfcAfuccuasasa 2657 |antis |23
AAAUGUUUUAGGAU asasauguUfuUfAfGiga
GUAUGUU 1562 | uguauguulL96 2658 | sense |21
AACAUACAUCCUAA asAfscauAfcAfUfccua
AACAUUUGG 1563 | AfaAfcauuusgsg 2659 |antis |23
AAUGUUUUAGGAUG asasuguuUfuAfGfGfau
UAUGUUA 1564 | guauguualf6 2660 | sense |21
UAACAUACAUCCUA usAfsacalUfaCfAfuccu
AAACAUUUG 1565 | AfaAfacauususg 2661 |antis |23
AUCCAAAUGUUUUA asusccaaAfuGfUufUfuu
GGAUGUA 1566 | aggaugual96 2662 | sense |21
UACAUCCUAAAACA usAfscauCfcUfAfaaac
UUUGGAUAU 1567 | AfuUfuggausasu 2663 |antis |23
UAUCCAAAUGUUUU usasuccaAfalUfGfUfuu
AGGAUGU 1568 | uaggaugul96 2664 | sense |21
ACAUCCUAAAACAU asCfsaucCfuAfAfaaca
UUGGAUAUA 1569 | UfuUfggauasusa 2665 |antis |23
AUGGGUGGCGGUAA asusggguGfgCIiGfGfua
UUGGUGA 1570 | auuggugal.96 2666 | sense |21
UCACCAAUUACCGC usCfsaccAfalUfUfaccg
CACCCAUUC 1571 | CfcAfcccaususc 2667 |antis |23
UGGGUGGCGGUAAU usgsgqugGicGEiGtUfaa
UGGUGAU 1572 | uuggugaul96 2668 | sense |21
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AUCACCAAUUACCG asUfscacCfaAfUfuacc
CCACCCAUU 1573 | GfcCfacccasusu 2669 |antis |23
UGGAAUGGGUGGCG usgsgaauGigGfUfGige
GUAAUUG 1574 | gguaauugL96 2670 | sense |21
CAAUUACCGCCACC csAfsauuAfcCiGfccac
CAUUCCAAU 1575 | CfcAfuuccasasu 2671 |antis |23
UUGGAAUGGGUGGC ususggaaUfgGfGfUfgg
GGUAAUU 1576 | cgguaauulf6 2672 | sense |21
AAUUACCGCCACCC asAfsuuaCfcGiCfcacc
AUUCCAAUU 1577 | CfaUfuccaasusu 2673 |antis |23
UUCAAAGUGUUGGU ususcaaaGIiuGLULULgg
AAUGCCU 1578 | uaaugccul96 2674 | sense |21
AGGCAUUACCAACA asGfsgcaUfuAfCfcaac
CUUUGAACC 1579 | AfcUfuugaascsc 2675 |antis |23
UCAAAGUGUUGGUA uscsaaagUfgUfUfGigu
AUGCCUG 1580 | aaugccuglL96 2676 | sense |21
CAGGCAUUACCAAC csAfsggcAfulUfAfccaa
ACUUUGAAC 1581 | CfaCfuuugasasc 2677 |antis |23
CAGGUUCAAAGUGU csasgguuCfaAfAfGLug
UGGUAAU 1582 | uugguaaulf6 2678 | sense |21
AUUACCAACACUUU asUfsuacCfaAfCfacuu
GAACCUGAG 1583 | UfgAfaccugsasg 2679 |antis |23
UCAGGUUCAAAGUG uscsagguUfcAfAfAfqu
UUGGUAA 1584 | guugguaal96 2680 | sense |21
UUACCAACACUUUG usUfsaccAfaCfAfcuuu
AACCUGAGC 1585 | GfaAfccugasgsc 2681 |antis |23
CCACCUCCUCAAUU cscsaccuCfcUfCfAfau
GAAGAAG 1586 |ugaagaaglL96 2682 | sense |21
CUUCUUCAAUUGAG csUfsuculUfcAfAfuuga
GAGGUGGCC 1587 | GEgAfgguggscsc 2683 |antis |23
CACCUCCUCAAUUG csasccucCfuCfAfAfuu
AAGAAGU 1588 | gaagaagulL96 2684 | sense |21
ACUUCUUCAAUUGA asCfsuucUfuCfAfauug
GGAGGUGGC 1589 | AfgGfaggugsgsc 2685 |antis |23
UGGGCCACCUCCUC usgsggccAfcCfUfCEIcu
AAUUGAA 1590 | caauugaal96 2686 | sense |21
UUCAAUUGAGGAGG usUfscaaUfuGfAfggag
UGGCCCAGG 1591 | GfuGfgcccasgsg 2687 |antis |23
CUGGGCCACCUCCU csusgggeCfaCfCfUfcc
CAAUUGA 1592 | ucaauugal96 2688 |sense |21
UCAAUUGAGGAGGU usCfsaauULgAfGfgagg
GGCCCAGGA 1593 | UfgGfcccagsgsa 2689 |antis |23
GAGUGGGUGCCAGA gsasguggGfuGICfCfag
AUGUGAA 1594 | aaugugaal.96 2690 | sense |21
UUCACAUUCUGGCA usUfscacAfuUfCfuggc
CCCACUCAG 1595 | AfcCfcacucsasg 2691 |antis |23
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AGUGGGUGCCAGAA asgsuqgggUfgCfCfAfga
UGUGAAA 1596 | augugaaal.96 2692 | sense |21
UUUCACAUUCUGGC usUfsucaCfaUfUfcugg
ACCCACUCA 1597 | CfaCfccacuscsa 2693 |antis |23
CUCUGAGUGGGUGC csuscugaGfuGIGEGLiug
CAGAAUG 1598 | ccagaaugL96 2694 | sense |21
CAUUCUGGCACCCA csAfsuucUfgGfCfaccc
CUCAGAGCC 1598 | AfcUfcagagscsc 2695 |antis |23
GCUCUGAGUGGGUG gscsucugAfgULGLGIgu
CCAGAAU 1600 | gccagaaul.96 2696 | sense |21
AUUCUGGCACCCAC asUfsucuGfgCfAfccca
UCAGAGCCA 1601 | CfuCfagagcscsa 2697 |antis |23
GCACUGAUGUUCUG gscsacugAfuGfUfUfcu
AAAGCUC 1602 | gaaagcucL96 2698 | sense |21
GAGCUUUCAGAACA gsAfsgcuUfuCfAfgaac
UCAGUGCCU 1603 | AfuCfagugcscsu 2699 |antis |23
CACUGAUGUUCUGA csascugaUfgUfUfCrfug
AAGCUCU 1604 | aaagcucul96 2700 | sense |21
AGAGCUUUCAGAAC asGfsagcULfuUfCfagaa
AUCAGUGCC 1605 | CfaUfcagugscsc 2701 |antis |23
AAAGGCACUGAUGU asasaggcAfcULGEfAfug
UCUGAAA 1606 | uucugaaal.96 2702 | sense |21
UUUCAGAACAUCAG usUfsucaGfaAfCfauca
UGCCUUUCC 1607 | GfuGfccuuuscsc 2703 |antis |23
GAAAGGCACUGAUG gsasaaggCfaCfUfGfau
UUCUGAA 1608 | guucugaal96 2704 | sense |21
UUCAGAACAUCAGU usUfscagAfaCfAfucag
GCCUUUCCG 1608 | UfgCfcuuucscsg 2705 |antis |23
GGGAAGGUGGAAGU gsgsgaagGfuGfGfAfag
CUUCCUG 1610 | ucuuccuglLf6 2706 | sense |21
CAGGAAGACUUCCA csAfsggaAfgAfCfuucc
ccuucccuu 1611 | AfcCfuucccsusu 2707 |antis |23
GGAAGGUGGAAGUC gsgsaaggULgGfAfAfqu
UUCCUGG 1612 | cuuccuggL96 2708 | sense |21
CCAGGAAGACUUCC csCfsaggAfaGfAfcuuc
ACCUUCCCU 1613 | CfaCfcuuccscsu 2709 |antis |23
GGAAGGGAAGGUGG gsgsaaggGfaAfGfGfug
AAGUCUU 1614 | gaagucuul96 2710 | sense |21
AAGACUUCCACCUU asAfsgacUfuCfCfaccu
CCCUUCCAC 1615 | UfcCfcuuccsasc 2711 |antis |23
UGGAAGGGAAGGUG usgsgaagGLgALfAfGLgu
GAAGUCU 1616 | ggaagucul96 2712 | sense |21
AGACUUCCACCUUC asGfsacuUfcCfAfccuu
CCUUCCACA 1617 | CfcCfuuccascsa 2713 |antis |23
UGCUAAAUCAGUAC usgscuaaAfuCfAfGfua
UUCCAAA 1618 | cuuccaaalf6 2714 | sense |21
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UUUGGAAGUACUGA usUfsuggAfaGfUfacug
UUUAGCAUG 1619 | AfuUfuagcasusg 2715 |antis |23
GCUAAAUCAGUACU gscsuaaaUfcAfGfUfac
UCCAAAG 1620 | uuccaaagL96 2716 | sense |21
CUUUGGAAGUACUG csUfsuugGfaAfGfuacu
AUUUAGCAU 1621 | GfaUfuuagcsasu 2717 |antis |23
AACAUGCUAAAUCA asascaugCfuAfAfAfuc
GUACUUC 1622 | aguacuucL96 2718 | sense |21
GAAGUACUGAUUUA gsAfsaguAfcUfGfauuu
GCAUGUUGU 1623 | AfgCfauguusgsu 2719 |antis |23
CAACAUGCUAAAUC csasacauGIicUfAfAfau
AGUACUU 1624 | caguacuul96 2720 | sense |21
AAGUACUGAUUUAG asAfsqguaCfuGfAfuuua
CAUGUUGUU 1625 | GfcAfuguugsusu 2721 |antis |23
CCACAACUCAGGAU cscsacaaCfuCfAfGiga
GAAAAAU 1626 | ugaaaaaul96 2722 | sense |21
AUUUUUCAUCCUGA asUfsuuuUfcAfUfccug
GUUGUGGCG 1627 | AfgUfuguggscsg 2723 |antis |23
CACAACUCAGGAUG csascaacULfcAfGEGLau
AAAAATUU 1628 | gaaaaauul96 2724 | sense |21
AAUUUUUCAUCCUG asAfsuuuUfuCfAfuccu
AGUUGUGGC 1629 | GfaGfuugugsgsc 2725 |antis |23
GCCGCCACAACUCA gscscgccAfcAfAfCEtuc
GGAUGAA 1630 | aggaugaal96 2726 | sense |21
UUCAUCCUGAGUUG usUfscauCfcUfGfaguu
UGGCGGCAG 1631 | GfuGfgcggcsasg 2727 |antis |23
UGCCGCCACAACUC usgsccgceCfaCfAfAfcu
AGGAUGA 1632 | caggaugal96 2728 | sense |21
UCAUCCUGAGUUGU usCfsaucCfuGfAfguug
GGCGGCAGU 1633 | UfgGfcggcasgsu 2729 |antis |23
GCAACCGUCUGGAU gscsaaccGfuCfUfGtga
GAUGUGC 1634 | ugaugugcL96 2730 | sense |21
GCACAUCAUCCAGA gsCfsacaUfcAfUfccag
CGGUUGCCC 1635 | AfcGfguugcscsc 2731 |antis |23
CAACCGUCUGGAUG csasaccqgUfcULGEGLau
AUGUGCG 1636 | gaugugcgL96 2732 | sense |21
CGCACAUCAUCCAG csGfscacAfuCfAfucca
ACGGUUGCC 1637 | GfaCfgguugscsc 2733 |antis |23
CUGGGCAACCGUCU csusgggcAfaCfCfGruc
GGAUGAU 1638 | uggaugaulL96 2734 | sense |21
AUCAUCCAGACGGU asUfscauCfcAfGfacgg
UGCCCAGGU 1639 | UfuGfcccagsgsu 2735 |antis |23
CCUGGGCAACCGUC cscsugggCfaAfCECigu
UGGAUGA 1640 | cuggaugal.96 2736 | sense |21
UCAUCCAGACGGUU usCfsaucCfaGfAfcggu
GCCCAGGUA 1641 | UfgCfccaggsusa 2737 |antis |23
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GCAAAUGAUGAAGA gscsaaauGfaUfGfAfag
AACUUUG 1642 | aaacuuuglL96 2738 | sense |21
CAAAGUUUCUUCAU csAfsaagUfuUfCfuuca
CAUUUGCCC 1643 | UfcAfuuugescsc 2739 |antis |23
CAAAUGAUGAAGAA csasaaugAfuGfAfAfga
ACUUUGG 1644 | aacuuuggL96 2740 | sense |21
CCAAAGUUUCUUCA csCfsaaaGfulUfUfcuuc
UCAUUUGCC 1645 | AfuCfauuugscsc 2741 |antis |23
UGGGGCAAAUGAUG usgsgggcAfaAfULfGLau
AAGAAAC 1646 | gaagaaacL96 2742 | sense |21
GUUUCUUCAUCAUU gsUfsuucUfuCfAfucau
UGCCCCAGA 1647 | UfuGfccccasgsa 2743 |antis |23
CUGGGGCAAAUGAU csusggggCfaAfAfUfga
GAAGAAA 1648 | ugaagaaal96 2744 | sense |21
UUUCUUCAUCAUUU usUfsucuUfcAfUfcauu
GCCCCAGAC 1649 | UfgCfcccagsasc 2745 |antis |23
CCAAGGCUGUGUUU cscsaaggCfuGfUfGIuu
GUGGGGA 1650 | uguggggal96 2746 | sense |21
UCCCCACAAACACA usCfscccAfcAfAfacac
GCCUUGGCG 1651 | AfgCfcuuggscsg 2747 |antis |23
CAAGGCUGUGUUUG csasaggcULgULGEULuu
UGGGGAG 1652 | guggggaglL96 2748 | sense |21
CUCCCCACAAACAC csUfscccCfaCfAfaaca
AGCCUUGGC 1653 | CfaGfccuugsgsc 2749 |antis |23
GGCGCCAAGGCUGU gsgscgccAfaGEiGfCtiug
GUUUGUG 1654 | uguuugugL96 2750 | sense |21
CACAAACACAGCCU csAfscaaAfcAfCfagcece
UGGCGCCAA 1655 | UfuGfgcgccesasa 2751 |antis |23
UGGCGCCAAGGCUG usgsgcgceCfaAfGfGfcu
UGUUUGU 1656 | guguuugulL96 2752 | sense |21
ACAAACACAGCCUU asCfsaaaCfaCiAfgccu
GGCGCCAAG 1657 | UfgGfcgccasasg 2753 |antis |23
ACUGCCGCCACAAC ascsugccGfcCfAfCtfaa
UCAGGAU 1658 | cucaggaul96 2754 | sense |21
AUCCUGAGUUGUGG asUfsccuGfaGfUfugug
CGGCAGUUU 1659 | GfcGfgcagususu 2755 |antis |23
CUGCCGCCACAACU csusgccegCfcAfCfAfac
CAGGAUG 1660 | ucaggauglL96 2756 | sense |21
CAUCCUGAGUUGUG csAfsuccUfgAfGfuugu
GCGGCAGUU 1661 | GfgCfggcagsusu 2757 |antis |23
UCAAACUGCCGCCA uscsaaacULgCICLGELcc
CAACUCA 1662 | acaacucal96 2758 | sense |21
UGAGUUGUGGCGGC usGfsaguULgULGfgcgg
AGUUUGAAU 1663 | CfaGfuuugasasu 2759 |antis |23
UUCAAACUGCCGCC ususcaaaCfuGfCfCigc
ACAACUC 1664 | cacaacucL96 2760 | sense |21
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GAGUUGUGGCGGCA gsAfsguuGfuGfGfcggc
GUUUGAAUC 1665 | AfgUfuugaasusc 2761 |antis |23
GGGAAGAUAUCAAA gsgsgaagAfuAfUfCfaa
UGGCUGA 1666 | auggcugalf6 2762 | sense |21
UCAGCCAUUUGAUA usCfsagcCfalfUfugau
UCUUCCCAG 1667 | AfuCfuucccsasg 2763 |antis |23
GGAAGAUAUCAAAU gsgsaagaUfaUfCfAfaa
GGCUGAG 1668 | uggcugagL96 2764 | sense |21
CUCAGCCAUUUGAU csUfscagCLfcAfUfuuga
AUCUUCCCA 1669 | UfaUfcuuccscsa 2765 |antis |23
AGCUGGGAAGAUAU asgscuggGfaAfGfAfua
CAAAUGG 1670 | ucaaaugglL96 2766 | sense |21
CCAUUUGAUAUCUU csCfsauulUfgAfUfaucu
CCCAGCUGA 1671 | UfcCfcagcusgsa 2767 |antis |23
CAGCUGGGAAGAUA csasgcugGfgAfAfGLfau
UCAAAUG 1672 | aucaaaugL96 2768 | sense |21
CAUUUGAUAUCUUC csAfsuuuGfalUfAfucuu
CCAGCUGAU 1673 | CfcCfagcugsasu 2769 |antis |23
AAUCAGUACUUCCA asasucagUfaCiUfUfcc
AAGUCUA 1674 | aaagucualf6 2770 | sense |21
UAGACUUUGGAAGU usAfsgacUfulUfGfgaag
ACUGAUUUA 1675 | UfaCfugauususa 2771 |antis |23
AUCAGUACUUCCAA asuscaguAfcUfUfCfca
AGUCUAU 1676 | aagucuaul96 2772 | sense |21
AUAGACUUUGGAAG asUfsagaCfulUfUfggaa
UACUGAUUU 1677 | GfuAfcugaususu 2773 |antis |23
GCUAAAUCAGUACU gscsuaaaUfcAfGfUfac
UCCARAAG 1678 | uuccaaaglL96 2774 | sense |21
CUUUGGAAGUACUG csUfsuugGfaAfGfuacu
AUUUAGCAU 1679 | GfaUfuuagcsasu 2775 |antis |23
UGCUAAAUCAGUAC usgscuaadAfuCfAfGfua
UUCCAAA 1680 | cuuccaaalf6 2776 | sense |21
UUUGGAAGUACUGA usUfsuggAfaGfUfacug
UUUAGCAUG 1681 | AfuUfuagcasusg 2777 |antis |23
UCAGCAUGCCAAUA uscsagcaUfgCfCfAfau
UGUGUGG 1682 | auguguggLS6 2778 | sense |21
CCACACAUAUUGGC csCfsacaCfalUfAfuugg
AUGCUGACC 1683 | CfaUfgcugascsc 2779 |antis |23
CAGCAUGCCAAUAU csasgcauGfcCfAfAfua
GUGUGGG 1684 | uguguggglL96 2780 | sense |21
CCCACACAUAUUGG csCfscacAfcAfUfauug
CAUGCUGAC 1685 | GfcAfugcugsasc 2781 |antis |23
AGGGUCAGCAUGCC asgsggucAfgCIfAfUfgc
AAUAUGU 1686 | caauaugulL96 2782 | sense |21
ACAUAUUGGCAUGC asCfsaualUfuGfGfcaug
UGACCCUCU 1687 | CfuGfacccuscsu 2783 |antis |23
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GAGGGUCAGCAUGC gsasggguCfaGfCfAfug
CAAUAUG 1688 | ccaauauglL96 2784 | sense |21
CAUAUUGGCAUGCU csAfsuauUfgGfCfaugc
GACCCUCUG 1689 | UfgAfcccucsusg 2785 |antis |23
GCAUAUGUGGCUAA gscsauauGfuGfGfCtua
AGCAAUA 1690 | aagcaaual96 2786 | sense |21
UAUUGCUUUAGCCA usAfsuugCfulUfUfagce
CAUAUGCAG 1691 | AfcAfuaugcsasg 2787 |antis |23
CAUAUGUGGCUAAA csasuaugULgGICfUfaa
GCAAUAG 1692 | agcaauagL96 2788 | sense |21
CUAUUGCUUUAGCC csUfsauuGicUfUfuagce
ACAUAUGCA 1693 | CfaCfauaugscsa 2789 |antis |23
UGCUGCAUAUGUGG usgscugcAfuAfUfGIug
CUAAAGC 1694 | gcuaaagcL96 2790 | sense |21
GCUUUAGCCACAUA gsCfsuuuAfgCfCfacau
UGCAGCAAG 1695 | AfuGfcagcasasg 2791 |antis |23
UUGCUGCAUAUGUG ususgcugCfalUfAfUfqgu
GCUAAAG 1696 | ggcuaaagL96 2792 | sense |21
CUUUAGCCACAUAU csUfsuuaGfcCfAfcaua
GCAGCAAGU 1697 | UfgCfagcaasgsu 2793 |antis |23
AAAUGAUGAAGAAA asasaugaUfgAfAfGfaa
CUUUGGC 1698 | acuuuggcL96 2794 | sense |21
GCCAAAGUUUCUUC gsCfscaaAfgUfUfucuu
AUCAUUUGC 1699 | CfaUfcauuusgsc 2795 |antis |23
AAUGAUGAAGAAAC asasugauGfaAfGfAfaa
UUUGGCU 1700 | cuuuggcul96 2796 | sense |21
AGCCAAAGUUUCUU asGfsccaAfaGfUfuucu
CAUCAUUUG 1701 | UfcAfucauususg 2797 |antis |23
GGGCAAAUGAUGAA gsgsgcaaAfuGfAfUfga
GAAACUU 1702 | agaaacuul96 2798 | sense |21
AAGUUUCUUCAUCA asAfsguuUfcULfUfcauc
UUUGCCCCA 1703 | AfuUfugcccscsa 2799 |antis |23
GGGGCAAAUGAUGA gsgsggcaAfaUfGfAfug
AGAAACU 1704 | aagaaaculL96 2800 | sense |21
AGUUUCUUCAUCAU asGfsuuuCfuUfCfauca
UUGCCCCAG 1705 | UfuUfgccceesasg 2801 |antis |23
GAGAUACUAAAGGA gsasgauaCfuAfAfAfgg
AGAAUUC 1706 | aagaauuclL96 2802 | sense |21
GAAUUCUUCCUUUA gsAfsauuCfulUfCfcuuu
GUAUCUCGA 1707 | AfgUfaucucsgsa 2803 |antis |23
AGAUACUAAAGGAA asgsauacULaAfAfGLga
GAAUUCC 1708 | agaauucclL96 2804 | sense |21
GGAAUUCUUCCUUU gsGfsaaulUfcUfUfccuu
AGUAUCUCG 1709 | UfaGfuaucuscsg 2805 |antis |23
CCUCGAGAUACUAA cscsucgaGfaUfAfCfua
AGGAAGA 1710 | aaggaagalf6 2806 | sense |21
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UCUUCCUUUAGUAU usCfsuucCfulfUfaqua
CUCGAGGAC 1711 | UfcUfcgaggsasc 2807 |antis |23
UCCUCGAGAUACUA uscscucgAfgAfUfAfcu
AAGGAAG 1712 | aaaggaagL96 2808 | sense |21
CUUCCUUUAGUAUC csUfsuccUfulUfAfguau
UCGAGGACA 1713 | CfuCfgaggascsa 2809 |antis |23
ACAACUCAGGAUGA ascsaacuCfaGfGfAfug
AAAAUUU 1714 | aaaaauuul96 2810 | sense |21
AAAUUUUUCAUCCU asAfsauulUfuUfCfaucc
GAGUUGUGG 1715 | UfgAfguugusgsg 2811 |antis |23
CAACUCAGGAUGAA csasacucAfgGfAfULfga
AAAUUUU 1716 | aaaauuuulf6 2812 | sense |21
AAAAUUUUUCAUCC asAfsaauUfuUfUfcauc
UGAGUUGUG 1717 | CfuGfaguugsusg 2813 |antis |23
CGCCACAACUCAGG csgsccacAfaCfUfCiag
AUGAAAA 1718 | gaugaaaal96 2814 | sense |21
UUUUCAUCCUGAGU usUfsuucAfuCfCfugag
UGUGGCGGEC 17185 | UfuGfuggcgsgsc 2815 |antis |23
CCGCCACAACUCAG cscsgeccaCfaAfCfUfca
GAUGAAA 1720 | ggaugaaal96 2816 |sense |21
UUUCAUCCUGAGUU usUfsucalUfcCiUfgagu
GUGGCGGCA 1721 | UfgUfggcggscsa 2817 |antis |23
AGGGAAGGUGGAAG asgsggaaGigUfGfGLiaa
UCcyuccu 1722 | gucuucculL96 2818 | sense |21
AGGAAGACUUCCAC asGfsgaaGfaCfUfucca
CUUCCCUUC 1723 | CfcUfucccususc 2819 |antis |23
GGGAAGGUGGAAGU gsgsgaagGfuGfGfAfag
CUUCCUG 1724 | ucuuccuglL96 2820 | sense |21
CAGGAAGACUUCCA csAfsggaAfgAfCfuucc
ccuucccuu 1725 | AfcCfuucccsusu 2821 |antis |23
UGGAAGGGAAGGUG usgsgaagGLgALfALfGLgu
GAAGUCU 1726 | ggaagucul96 2822 | sense |21
AGACUUCCACCUUC asGfsacuUfcCfAfccuu
CCUUCCACA 1727 | CfcCfuuccascsa 2823 |antis |23
GUGGAAGGGAAGGU gsusggaaGigGfAfAfqgg
GGAAGUC 1728 | uggaagucL96 2824 | sense |21
GACUUCCACcUUcCC gsAfscuuCfcAfCfcuuc
CUUCCACAG 1725 | CfcUfuccacsasg 2825 |antis |23
GGCGAGCUUGCCAC gsgscgagCfuUfGfCfca
UGUGAGA 1730 | cugugagalf6 2826 | sense |21
UCUCACAGUGGCAA usCfsucaCfaGiUfggca
GCUCGCCGU 1731 | AfgCfucgcecsgsu 2827 |antis |23
GCGAGCUUGCCACU gscsgagcULfuGICtCtac
GUGAGAG 1732 | ugugagaglL96 2828 | sense |21
CUCUCACAGUGGCA csUfscucAfcAfGfuggc
AGCUCGCCG 1733 | AfaGfcucgcscsg 2829 |antis |23
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GGACGGCGAGCUUG gsgsacggCIfgAfGfCLtuu
CCACUGU 1734 | gccacugulL96 2830 | sense |21
ACAGUGGCAAGCUC asCfsaguGfgCfAfagcu
GCCGUCCAC 1735 | CfgCfcguccsasc 2831 |antis |23
UGGACGGCGAGCUU usgsgacgGicGfAfGEIcu
GCCACUG 1736 | ugccacugL96 2832 |sense |21
CAGUGGCAAGCUCG csAfsgugGfcAfAfgcuc
CCGUCCACA 1737 | GfcCfguccascsa 2833 |antis |23
AUGUGCGUAACAGA asusgugcGfuAfAfCfag
UUCAAAC 1738 | auucaaacL96 2834 | sense |21
GUUUGAAUCUGUUA gsUfsuugAfalUfCfuguu
CGCACAUCA 1739 | AfcGfcacauscsa 2835 |antis |23
UGUGCGUAACAGAU usgsugcgUfaAfCfAfga
UCAAACU 1740 | uucaaaculLf6 2836 | sense |21
AGUUUGAAUCUGUU asGfsuuuGfaAfUfcugu
ACGCACAUC 1741 | UfaCfgcacasusc 2837 |antis |23
GAUGAUGUGCGUAA gsasugauGfuGfCfGfua
CAGAUUC 1742 | acagauucL96 2838 | sense |21
GAAUCUGUUACGCA gsAfsaucUfgUfUfacgc
CAUCAUCCA 1743 | AfcAfucaucscsa 2839 |antis |23
GGAUGAUGUGCGUA gsgsaugalUfgUIGECtgu
ACAGAUU 1744 | aacagauul96 2840 | sense |21
AAUCUGUUACGCAC asAfsucuGfuUfAfcgca
AUCAUCCAG 1745 | CfaUfcauccsasg 2841 |antis |23
GGGUCAGCAUGCCA gsgsgucaGicAfUfGIcce
AUAUGUG 1746 | aauauguglL96 2842 | sense |21
CACAUAUUGGCAUG csAfscauAfulfGfgcau
CUGACCCUC 1747 | GfcUfgacccsusc 2843 |antis |23
GGUCAGCAUGCCAA gsgsucagCfalUfGfCfca
UAUGUGU 1748 | auaugugulL96 2844 | sense |21
ACACAUAUUGGCAU asCfsacalfalfUfggca
GCUGACCCU 1749 | UfgCfugaccscsu 2845 |antis |23
CAGAGGGUCAGCAU csasgaggGfuCfAfGica
GCCAAUA 1750 | ugccaaual96 2846 | sense |21
UAUUGGCAUGCUGA usAfsuugGicAfUfgcug
CCCUCUGUC 1751 | AfcCfcucugsusc 2847 |antis |23
ACAGAGGGUCAGCA ascsagagGfgUfCfAfgce
UGCCAAU 1752 | augccaaul96 2848 | sense |21
AUUGGCAUGCUGAC asUfsuggCfalUfGfcuga
CCcucuaGucce 1753 | CfcCfucuguscsc 2849 |antis |23
GCUUGAAUGGGAUC gscsuugalAfuGIGLGLau
UUGGUGU 1754 | cuuggugul96 2850 | sense |21
ACACCAAGAUCCCA asCfsaccAfaGfAfuccc
UUCAAGCCA 1755 | AfuUfcaagcscsa 2851 |antis |23
CUUGAAUGGGAUCU csusugaaUfgGIGfAfuc
UGGUGUC 1756 | uuggugucL96 2852 | sense |21
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sequence NO: Modified sequence NO: strand | Length
GACACCAAGAUCCC gsAfscacCfaAfGfaucc
AUUCAAGCC 1757 | CfaUfucaagscsc 2853 |antis |23
CAUGGCUUGAAUGG csasuggcUfuGfAfAfug
GAUCUUG 1758 | ggaucuugL96 2854 | sense |21
CAAGAUCCCAUUCA csAfsagalUfcCiCfauuc
AGCCAUGUU 1759 | AfaGfccaugsusu 2855 |antis |23
ACAUGGCUUGAAUG ascsauggCfuUfGfAfau
GGAUCUU 1760 | gggaucuulL96 2856 | sense |21
AAGAUCCCAUUCAA asAfsgauCfcCiAfuuca
GCCAUGUUU 1761 | AfgCfcaugususu 2857 |antis |23
UCAAAUGGCUGAGA uscsaaauGigCtUfGLag
AGACUGA 1762 | aagacugalf6 2858 | sense |21
UCAGUCUUCUCAGC usCfsaguCfuUfCfucag
CAUUUGAUA 1763 | CfcAfuuugasusa 2859 |antis |23
CAAAUGGCUGAGAA csasaaugGfcUfGfAfga
GACUGAC 1764 | agacugacL96 2860 | sense |21
GUCAGUCUUCUCAG gsUfscagUfcUfUfcuca
CCAUUUGAU 1765 | GfcCfauuugsasu 2861 |antis |23
GAUAUCAAAUGGCU gsasuaucAfaAfULGIgc
GAGAAGA 1766 | ugagaagal96 2862 |sense |21
UCUUCUCAGCCAUU usCfsuucUfcAfGfccau
UGAUAUCUU 1767 | UfuGfauaucsusu 2863 |antis |23
AGAUAUCAAAUGGC asgsauauCfaAfAfULfgg
UGAGAAG 1768 | cugagaagL96 2864 | sense |21
CUUCUCAGCCAUUU csUfsucuCfaGiCfcauu
GAUAUCUUC 1769 | UfgAfuaucususc 2865 |antis |23
GAAAGUCAUCGACA gsasaaguCfaUfCfGfac
AGACAUU 1770 | aagacauul96 2866 | sense |21
AAUGUCUUGUCGAU asAfsuguCfulUfGfucga
GACUUUCAC 1771 | UfgAfcuuucsasc 2867 |antis |23
AAAGUCAUCGACAA asasagucAfuCIiGfAfca
GACAUUG 1772 | agacauugL96 2868 | sense |21
CAAUGUCUUGUCGA csAfsaugUfcUfUfgucg
UGACUUUCA 1773 | AfuGfacuuuscsa 2869 |antis |23
AUGUGAAAGUCAUC asusqgugaAfaGfUfCfau
GACAAGA 1774 | cgacaagalS6 2870 | sense |21
UCUUGUCGAUGACU usCfsuugUfcGfAfugac
UUCACAUUC 1775 | UfuUfcacaususc 2871 |antis |23
AAUGUGAAAGUCAU asasugugAfaAfGfUfca
CGACAAG 1776 |ucgacaaglL96 2872 |sense |21
CUUGUCGAUGACUU csUfsuguCfgAfUfgacu
UCACAUUCU 1777 | UfuCfacauuscsu 2873 |antis |23
GGCUAAUUUGUAUC gsgscuaalUfulUfGtUfau
AAUGAUU 1778 | caaugauul96 2874 | sense |21
AAUCAUUGAUACAA asAfsucaUfuGfAfuaca
AUUAGCCGG 1779 | AfaUfuagccsgsg 2875 |antis |23
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GCUAAUUUGUAUCA gscsuaauUfuGfUfAfuc
AUGAUUA 1780 | aaugauual.96 2876 | sense |21
UAAUCAUUGAUACA usAfsaucAfuUfGfauac
AAUUAGCCG 1781 | AfaAfuuagcscsg 2877 |antis |23
CCCCGGCUAAUUUG cscsceggCfuAfAfULfuu
UAUCAAU 1782 | guaucaaul96 2878 | sense |21
AUUGAUACAAAUUA asUfsugaUfaCfAfaauu
GCCGGGGGA 1783 | AfgCfcggggsgsa 2879 |antis |23
CCCCCGGCUAAUUU cscsceegGIicULALATuU
GUAUCAA 1784 | uguaucaal.96 2880 | sense |21
UUGAUACAAAUUAG usUfsgauAfcAfAfauua
CCGGGGGAG 1785 | GfcCfgggggsasg 2881 |antis |23
UGUCGACUUCUGUU usgsucgaCfuUfCfUfqgu
UUAGGAC 1786 | uuuaggacLS96 2882 | sense |21
GUCCUAAAACAGAA gsUfsccuAfaAfAfcaga
GUCGACAGA 1787 | AfgUfcgacasgsa 2883 |antis |23
GUCGACUUCUGUUU gsuscgacUfuCfUfGfuu
UAGGACA 1788 | uuaggacal96 2884 | sense |21
UGUCCUAAAACAGA usGfsuccUfaAfAfacag
AGUCGACAG 1788 | AfaGfucgacsasg 2885 |antis |23
GAUCUGUCGACUUC gsasucugULcGIAfCfuu
UGUUUUA 1790 | cuguuuual.96 2886 | sense |21
UAAAACAGAAGUCG usAfsaaaCfaGfAfaquc
ACAGAUCUG 1791 | GfaCfagaucsusg 2887 |antis |23
AGAUCUGUCGACUU asgsaucuGIfuCfGfAfcu
CUGUUUU 1792 | ucuguuuulL96 2888 | sense |21
AAAACAGAAGUCGA asAfsaacAfgAfAfgucyg
CAGAUCUGU 1793 | AfcAfgaucusgsu 2889 |antis |23
CCGAGAAGUCACCA cscsgagaAfgUfCfAfcc
AGAAGCU 1794 | aagaagcul96 2890 | sense |21
AGCUUCUUGGUGAC asGfscuuCfuliGfguga
UUCUCGGUC 1795 | CfuUfcucggsusc 2891 |antis |23
CGAGAAGUCACCAA csgsagaaGfuCfAfCtca
GAAGCUA 1796 | agaagcual96 2892 | sense |21
UAGCUUCUUGGUGA usAfsgculUfcUfUfggug
CUUCUCGGU 1797 | AfcUfucucgsgsu 2893 |antis |23
AGGACCGAGAAGUC asgsgaccGfaGfAfAfqgu
ACCAAGA 1798 | caccaagal96 2894 | sense |21
UCUUGGUGACUUCU usCfsuugGfuGfAfcuuc
CGGUCCUUG 1799 | UfcGfguccususg 2895 |antis |23
AAGGACCGAGAAGU asasggacCfgAfGfAfag
CACCAAG 1800 | ucaccaagL96 2896 | sense |21
CUUGGUGACUUCUC csUfsuggUfgAfCfuucu
GGUCCUUGU 1801 | CfgGfuccuusgsu 2897 |antis |23
AAACAUGGCUUGAA asasacauGigCfUfUfga
UGGGAUC 1802 | augggaucL96 2898 | sense |21
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GAUCCCAUUCAAGC gsAfsuccCfalUfUfcaag
CAUGUUUAA 1803 | CfcAfuguuusasa 2899 |antis |23
AACAUGGCUUGAAU asascaugGfcUfUfGLfaa
GGGAUCU 1804 | ugggauculLS6 2900 | sense |21
AGAUCCCAUUCAAG asGfsaucCfcAfUfucaa
CCAUGUUUA 1805 | GfcCfauguususa 2901 |antis |23
UGUUAAACAUGGCU usgsuuaalAfcAfUfGIge
UGAAUGG 1806 | uugaauggL96 2902 | sense |21
CCAUUCAAGCCAUG csCfsauuCfaAfGfccau
UUUAACAGC 1807 | GfuUfuaacasgsc 2903 |antis |23
CUGUUAAACAUGGC csusguuaAfaCfAfULgg
UUGAAUG 1808 | cuugaaugLf6 2904 | sense |21
CAUUCAAGCCAUGU csAfsuucAfaGfCfcaug
UUAACAGCC 1809 | UfuUfaacagscsc 2905 |antis |23
GACUUGCUGCAUAU gsascuugCfuGfCfAfua
GUGGCUA 1810 | uguggcual96 2906 | sense |21
UAGCCACAUAUGCA usAfsgccAfcAfUfauge
GCAAGUCCA 1811 | AfgCfaagucscsa 2907 |antis |23
ACUUGCUGCAUAUG ascsuugcULgCIAfULau
UGGCUAA 1812 | guggcuaalf6 2908 | sense |21
UUAGCCACAUAUGC usUfsagcCfaCfAfuaug
AGCAAGUCC 1813 | CfaGfcaaguscsc 2909 |antis |23
AGUGGACUUGCUGC asgsuggaCfuUfGfCtug
AUAUGUG 1814 | cauaugugL96 2910 | sense |21
CACAUAUGCAGCAA csAfscauAfuGfCfagcea
GUCCACUGU 1815 | AfgUfccacusgsu 2911 |antis |23
CAGUGGACUUGCUG csasqguggAfcUfUfGicu
CAUAUGU 1816 | gcauaugulL96 2912 | sense |21
ACAUAUGCAGCAAG asCfsauaUfgCfAfgcaa
UCCACUGUC 1817 | GfuCfcacugsusc 2913 |antis |23
UAAAUCAGUACUUC usasaaucAfgULAfCIuu
CAAAGUC 1818 | ccaaaguclL96 2914 | sense |21
GACUUUGGAAGUAC gsAfscuuUfgGfAfagua
UGAUUUAGC 1819 | CfuGfauuuasgsc 2915 |antis |23
AAAUCAGUACUUCC asasaucaGIfuAfCfUfuc
AAAGUCU 1820 | caaaguculS6 2916 | sense |21
AGACUUUGGAAGUA asGfsaculUfuGfGfaagu
CUGAUUUAG 1821 | AfcUfgauuusasg 2917 |antis |23
AUGCUAAAUCAGUA asusgcuaAfaUfCfAfqgu
CUUCCAA 1822 | acuuccaalf6 2918 | sense |21
UUGGAAGUACUGAU usUfsggadAfgUfAfcuga
UUAGCAUGU 1823 | UfuUfagcausgsu 2919 |antis |23
CAUGCUAAAUCAGU csasugcuAfaAfUfCLag
ACUUCCA 1824 | uacuuccal96 2920 |sense |21
UGGAAGUACUGAUU usGfsgaaGfuAfCfugau
UAGCAUGUU 1825 | UfuAfgcaugsusu 2921 |antis |23
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UCCUCAAUUGAAGA uscscucaAfuUfGfAfag
AGUGGCG 1826 | aaguggcglL96 2922 | sense |21
CGCCACUUCUUCAA csGfsccaCfuUfCfuuca
UUGAGGAGG 1827 | AfuUfgaggasgsg 2923 |antis |23
CCUCAAUUGAAGAA cscsucaaUfuGfAfAfga
GUGGCGG 1828 | aguggcggL96 2924 |sense |21
CCGCCACUUCUUCA csCfsgecAfcUfUfcuuc
AUUGAGGAG 1825 | AfaUfugaggsasg 2925 |antis |23
CACCUCCUCAAUUG csasccucCfuCfAfAfuu
AAGAAGU 1830 | gaagaagul96 2926 | sense |21
ACUUCUUCAAUUGA asCfsuucUfuCfAfauug
GGAGGUGGC 1831 | AfgGfaggugsgsc 2927 |antis |23
CCACCUCCUCAAUU cscsaccuCfcULCfAfau
GAAGAAG 1832 | ugaagaagL96 2928 | sense |21
CUUCUUCAAUUGAG csUfsucuUfcAfAfuuga
GAGGUGGCC 1833 | GfgAfgguggscsc 2929 |antis |23
CAAGAUGUCCUCGA csasagauGfuCiCfUfcg
GAUACUA 1834 | agauacual96 2930 | sense |21
UAGUAUCUCGAGGA usAfsgualUfcULCfgagyg
CAUCUUGAA 1835 | AfcAfucuugsasa 2931 |antis |23
AAGAUGUCCUCGAG asasgaugUfcCIfUfCfga
AUACUAA 1836 | gauacuaal.96 2932 | sense |21
UUAGUAUCUCGAGG usUfsaguAfuCfUfcgag
ACAUCUUGA 1837 | GfaCfaucuusgsa 2933 |antis |23
UGUUCAAGAUGUCC usgsuucaAfgAfUfGIiuc
UCGAGAU 1838 | cucgagaul96 2934 | sense |21
AUCUCGAGGACAUC asUfscucGfaGfGfacau
UUGAACACC 1839 | CfuUfgaacascsc 2935 |antis |23
GUGUUCAAGAUGUC gsusguucAfaGfAfUfgu
CUCGAGA 1840 | ccucgagalf6 2936 | sense |21
UCUCGAGGACAUCU usCfsucgAfgGiAfcauc
UGAACACCU 1841 | UfuGfaacacscsu 2937 |antis |23
ACAUGCUAAAUCAG ascsaugcUfaAfAfUfca
UACUUCC 1842 | guacuuccL96 2938 | sense |21
GGAAGUACUGAUUU gsGfsaagUfaCfUfgauu
AGCAUGUUG 1843 | UfaGfcaugususg 2939 |antis |23
CAUGCUAAAUCAGU csasugcuAfaAfUfCiag
ACUUCCA 1844 | uacuuccal96 2940 | sense |21
UGGAAGUACUGAUU usGfsgaaGfuAfCfugau
UAGCAUGUU 1845 | UfuAfgcaugsusu 2941 |antis |23
AACAACAUGCUAAA asascaacAfuGICfUfaa
UCAGUAC 1846 | aucaguaclL96 29472 | sense |21
GUACUGAUUUAGCA gsUfsacuGfaUfUfuagc
UGUUGUUCA 1847 | AfuGfuuguuscsa 2943 |antis |23
GAACAACAUGCUAA gsasacaaCfaUfGfCfua
AUCAGUA 1848 | aaucagual96 2944 | sense |21
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UACUGAUUUAGCAU usAfscugAfulfUfagca
GUUGUUCAU 1849 | UfgUfuguucsasu 2945 |antis |23
GAAAGGCACUGAUG gsasaaggCfaCfUfGfau
UUCUGAA 1850 | guucugaal96 2946 | sense |21
UUCAGAACAUCAGU usUfscagAfaCfAfucag
GCCUUUCCG 1851 | UfgCfcuuucscsg 2947 |antis |23
AAAGGCACUGAUGU asasaggcAfcUfGfAfug
UCUGAAA 1852 | uucugaaal96 2948 | sense |21
UUUCAGAACAUCAG usUfsucaGfaAfCfauca
UGCCUUUCC 1853 | GfuGfccuuuscsc 2949 |antis |23
UGCGGAAAGGCACU usgscggalAfaGIGEfCtac
GAUGUUC 1854 | ugauguuclL96 2950 | sense |21
GAACAUCAGUGCCU gsAfsacaUfcAfGfugcc
UUCCGCACA 1855 | UfuUfccgcascsa 2951 |antis |23
GUGCGGAAAGGCAC gsusgcggAfaAfGfGica
UGAUGUU 1856 | cugauguulL96 2952 | sense |21
AACAUCAGUGCCUU asAfscauCfaGfUfgccu
UCCGCACAC 1857 | UfuCfcgcacsasc 2953 |antis |23
GUCAGCAUGCCAAU gsuscagcAfuGICfCfaa
AUGUGUG 1858 | uauguguglL96 2954 | sense |21
CACACAUAUUGGCA csAfscacAfuAfUfugge
UGCUGACCC 1859 | AfuGfcugacscsc 2955 |antis |23
UCAGCAUGCCAAUA uscsagcaUfgCfCfAfau
UGUGUGG 1860 | auguguggL96 2956 | sense |21
CCACACAUAUUGGC csCfsacaCfaUfAfuugg
AUGCUGACC 1861 | CfaUfgcugascsc 2957 |antis |23
GAGGGUCAGCAUGC gsasggguCfaGfCfAfug
CAAUAUG 1862 | ccaauaugL96 2958 | sense |21
CAUAUUGGCAUGCU csAfsuaulUfgGfCfaugce
GACCCUCUG 1863 | UfgAfcccucsusg 2959 |antis |23
AGAGGGUCAGCAUG asgsagggULcALGEfCfau
CCAAUAU 1864 | gccaauaul.96 2960 | sense |21
AUAUUGGCAUGCUG asUfsauuGfgCfAfugcu
ACCCUCUGU 1865 | GfaCfccucusgsu 2961 |antis |23
GAUGCUCCGGAAUG gsasugcuCfcGfGfAfau
UUGCUGA 1866 | guugcugalS6 2962 | sense |21
UCAGCAACAUUCCG usCfsagcAfaCfAfuucc
GAGCAUCCU 1867 | GfgAfgcaucscsu 2963 |antis |23
AUGCUCCGGAAUGU asusgcucCfgGfAfAfug
UGCUGAA 1868 | uugcugaalf6 2964 | sense |21
UUCAGCAACAUUCC usUfscagCfaAfCfauuc
GGAGCAUCC 1869 | CfgGfagcauscsc 2965 |antis |23
CAAGGAUGCUCCGG csasaggalUfgCfUfCicg
AAUGUUG 1870 | gaauguugL96 2966 | sense |21
CAACAUUCCGGAGC csAfsacaUfuCfCfggag
AUCCUUGGA 1871 | CfaUfccuugsgsa 2967 |antis |23
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CCAAGGAUGCUCCG cscsaaggAfuGICfULfcce
GAAUGUU 1872 | ggaauguulL96 2968 | sense |21
AACAUUCCGGAGCA asAfscaulUfcCfGfgagc
UCCUUGGAU 1873 | AfuCfcuuggsasu 2969 |antis |23
GCGUAACAGAUUCA gscsguaaCfaGfAfUfuc
AACUGCC 1874 | aaacugccL96 2970 | sense |21
GGCAGUUUGAAUCU gsGfscagUfulUfGfaauc
GUUACGCAC 1875 | UfgUfuacgcsasc 2971 |antis |23
CGUAACAGAUUCAA csgsuaacAfgAfUfUfca
ACUGCCG 1876 | aacugccgl96 2972 | sense |21
CGGCAGUUUGAAUC csGIsgcaGfulUfUfgaau
UGUUACGCA 1877 | CfuGfuuacgscsa 2973 |antis |23
AUGUGCGUAACAGA asusqugcGIfuAfAfCfag
UUCAAAC 1878 | auucaaacL96 2974 | sense |21
GUUUGAAUCUGUUA gsUfsuugAfalUfCfuguu
CGCACAUCA 1879 | AfcGfcacauscsa 2975 |antis |23
GAUGUGCGUAACAG gsasugugCfgUfAfAfca
AUUCAAA 1880 | gauucaaal96 2976 | sense |21
UUUGAAUCUGUUAC usUfsugadAfuCiUfguua
GCACAUCAU 1881 | CfgCfacaucsasu 2977 |antis |23
AGAGAAGAUGGGCU asgsagaaGfalUfGEGEgce
ACAAGGC 1882 | uacaaggcL96 2978 | sense |21
GCCUUGUAGCCCAU gsCfscuuGfuAfGfccca
CUUCUCUGC 1883 | UfcUfucucusgsc 2979 |antis |23
GAGAAGAUGGGCUA gsasgaagAfuGfGfGicu
CAAGGCC 1884 | acaaggcclL9e 2980 | sense |21
GGCCUUGUAGCCCA gsGfscculUfgUfAfgccce
UCUUCUCUG 1885 | AfuCfuucucsusg 2981 |antis |23
AGGCAGAGAAGAUG asgsgcagAfgAfAfGfau
GGCUACA 1886 | gggcuacalf6 2982 | sense |21
UGUAGCCCAUCUUC usGfsuagCfcCfAfucuu
UCUGCCUGC 1887 | CfuCfugccusgsc 2983 |antis |23
CAGGCAGAGAAGAU csasggcaGfaGfAfAfga
GGGCUAC 1888 | ugggcuacL96 2984 | sense |21
GUAGCCCAUCUUCU gsUfsagcCfcAfUfcuuc
CUGCCUGCC 1889 | UfcUfgccugscsc 2985 |antis |23
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We claim:

L. A double stranded RNAi agent capable of inhibiting expression of HAO1 in a
cell, wherein said double stranded RNAi agent comprises a sense strand and an antisense strand
forming a double-stranded region, wherein said sense strand comprises at least 15 contiguous
nucleotides differing by no more than 3 nucleotides from any one of the nucleotide sequences of
SEQ ID NO:1 SEQ ID NO:2, SEQ ID NO:5, or SEQ ID NO:6 and said antisense strand
comprises at least 15 contiguous nucleotides differing by no more than 3 nucleotides from any
one of the nucleotide sequences of SEQ ID NO:3 SEQ ID NO:4, SEQ ID NO:7, or SEQ ID
NO:8;

wherein substantially all of the nucleotides of said sense strand and substantially all of the
nucleotides of said antisense strand are modified nucleotides,

wherein at least one of said modified nucleotides is selected from the group consisting of
a 3’-terminal deoxy-thymine (dT) nucleotide, a 2'-O-methyl modified nucleotide, a 2'-fluoro
modified nucleotide, a 2'-deoxy-modified nucleotide, a locked nucleotide, an abasic nucleotide, a
2’-amino-modified nucleotide, a 2’-alkyl-modified nucleotide, a morpholino nucleotide, a
phosphoramidate, a non-natural base comprising nucleotide, a nucleotide comprising a 5'-
phosphorothioate group, a nucleotide comprising a 5° phosphate or 5° phosphate mimic, and a
terminal nucleotide linked to a cholesteryl derivative or a dodecanoic acid bisdecylamide group,
and

wherein said sense strand is conjugated to a ligand attached at the 3’-terminus.

2 The double stranded RNAI agent of claim 1, wherein all of the nucleotides of said

sense strand and all of the nucleotides of said antisense strand are modified nucleotides.

3 The double stranded RNAi agent of claim 1, wherein said sense strand and said
antisense strand comprise a region of complementarity which comprises at least 15 contiguous

nucleotides differing by no more than 3 nucleotides from any one of the antisense sequences

listed in Table 2.
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4. The double stranded RNAI agent of any claim 1, wherein at least one strand

comprises a 3’ overhang of at least 1 nucleotide.

5. The double stranded RNAI agent of claim 1, wherein at least one strand comprises

a 3’ overhang of at least 2 nucleotides.

6. The double stranded RNAi agent of claim 1, wherein the ligand is
OH
HO

o} o)
Ho OH
0
HO 0\/\/\”/N/\/\N o)
AcHN o H H

7. The double stranded RNAI agent of claim 1, wherein the RNAi agent is

conjugated to the ligand as shown in the following schematic
3

Ho OH
o) H H o
HOA Y O\/\/\er\/\/N O
Cl
0
Ho OH
Oy H

0} H H
HO 0 NoA~CN 0%’

[0}
HO OH f
o}
wherein X is O or S.
8. The double stranded RNAi agent of claim 1, wherein said agent further comprises

at least one phosphorothioate or methylphosphonate internucleotide linkage.
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9 The double stranded RNAi agent of claim 8, wherein the phosphorothioate or
methylphosphonate internucleotide linkage is at the 3’-terminus of one strand.

10.  The double stranded RNAi agent of claim 8, wherein said RNAi agent comprises

6-8 phosphorothioate internucleotide linkages.

11.  The double stranded RNAi of claim 10, wherein the antisense strand comprises
two phosphorothioate internucleotide linkages at the 5’-terminus and two phosphorothioate
internucleotide linkages at the 3’-terminus, and the sense strand comprises at least two

phosphorothioate internucleotide linkages at either the 5’-terminus or the 3’-terminus.

12.  The double stranded RNAi agent of claim 1, wherein the base pair at the 1
position of the 5'-end of the antisense strand of the duplex is an AU base pair.

13.  The double stranded RNAi agent of claim 1, wherein the RNAi agent is selected
from the group consisting of AD-62994, AD-62933, and AD-65585.

14. A double stranded RNAi agent capable of inhibiting expression of HAO1 in a
cell,

wherein said double stranded RNAi agent comprises a sense strand and an antisense
strand forming a double stranded region,

wherein said sense strand comprises at least 15 contiguous nucleotides differing by no
more than 3 nucleotides from any one of the nucleotide sequences of from any one of the
nucleotide sequences of SEQ ID NO:1 SEQ ID NO:2, SEQ ID NO:5, or SEQ ID NO:6 and said
antisense strand comprises at least 15 contiguous nucleotides differing by no more than 3
nucleotides from any one of the nucleotide sequences of SEQ ID NO:3 SEQ ID NO:4, SEQ ID
NO:7, or SEQ ID NO:8,

wherein substantially all of the nucleotides of said sense strand comprise a modification
selected from the group consisting of a 2’-0O-methyl modification and a 2’-fluoro modification,

wherein said sense strand comprises two phosphorothioate internucleotide linkages at the

5’-terminus,
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wherein substantially all of the nucleotides of said antisense strand comprise a
modification selected from the group consisting of a 2’-O-methyl modification and a 2’-fluoro
modification,

wherein said antisense strand comprises two phosphorothioate internucleotide linkages at
the 5’-terminus and two phosphorothioate internucleotide linkages at the 3’-terminus, and

wherein said sense strand is conjugated to one or more GalNAc derivatives attached

through a branched bivalent or trivalent linker at the 3’-terminus.

15. The double stranded RNAI agent of claim 14, wherein all of the nucleotides of said
sense strand and all of the nucleotides of said antisense strand comprise a modification.

16.  An RNAI agent selected from the group of RNAI agents listed in Table 1 or 2.

17.  The RNAI agent of claim 14, wherein the RNAI agent is selected from the group
consisting of AD-62994, AD-62933, and AD-65585.

18.  Use of a double stranded RNAi agent in the manufacture of a medicament for
treating a subject having Primary Hyperoxaluria 1 (PHI1),

wherein said double stranded RNAi agent comprises a sense strand and an antisense
strand forming a double stranded region,

wherein said sense strand comprises at least 15 contiguous nucleotides differing by no
more than 3 nucleotides from any one of the nucleotide sequences of from any one of the
nucleotide sequences of SEQ ID NO:1 SEQ ID NO:2, SEQ ID NO:5, or SEQ ID NO:6 and said
antisense strand comprises at least 15 contiguous nucleotides differing by no more than 3
nucleotides from any one of the nucleotide sequences of SEQ ID NO:3 SEQ ID NO:4, SEQ ID
NO:7, or SEQ ID NO:8,

wherein substantially all of the nucleotides of said antisense strand comprise a
modification selected from the group consisting of a 2’-O-methyl modification and a 2’-
fluoromodification,

wherein said antisense strand comprises two phosphorothioate internucleotide linkages at

the 5’-terminus and two phosphorothioate internucleotide linkages at the 3’-terminus,
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wherein substantially all of the nucleotides of said sense strand comprise a modification
selected from the group consisting of a 2’-O-methyl modification and a 2’-fluoromodification,

wherein said sense strand comprises two phosphorothioate internucleotide linkages at the
5’-terminus and,

wherein said sense strand is conjugated to one or more GalNAc derivatives attached

through a branched bivalent or trivalent linker at the 3’-terminus.

19. The use of claim of claim 18, wherein all of the nucleotides of said sense strand and

all of the nucleotides of said antisense strand comprise a modification.

20.  The use of claim 18, wherein the subject is a human.

21.  The use of claim 18, wherein the double stranded RNAI agent is to be
administered at a dose of 0.01 mg/kg to 10 mg/kg or 1 mg/kg to 10 mg/kg.

22.  The use of claim 21, wherein the double stranded RNAI agent is to be
administered at a dose of 0.1 mg/kg, 1.0 mg/kg, or 3.0 mg/kg.

23.  The use of claim 21, wherein the double stranded RNAi agent is to be
administered at a dose of 1 mg/kg to 10 mg/kg.

24.  The use of claim 21, wherein the double stranded RNAi agent is to be
administered subcutaneously.

25.  The use of claim 21, wherein the double stranded RNAI agent is to be
administered intravenously.

26.  The use of claim 21, wherein said RNAI agent is to be administered in two or
more doses.

27.  The use of claim 26, wherein said RNAi agent is to be administered at intervals

selected from the group consisting of once every about 12 hours, once every about 24 hours,

once every about 48 hours, once every about 72 hours, and once every about 96 hours.
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28.  The use of claim 26, wherein said RNAI agent is to be administered once a week
for up to 2 weeks, up to 3 weeks, up to 4 weeks, up to 5 weeks, or longer.
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