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GLUCOKINASE (GCK) iRNA COMPOSITIONS AND METHODS OF USE
THEREOF

Related Applications

This application claims the benefit of priority of U.S. Provisional Patent
Application No. 62/183,413, filed on June 23, 2015, U.S. Provisional Patent
Application No. 62/200,207, filed on August 3, 2015, and U.S. Provisional Patent
Application No. 62/260,876, filed on November 30, 2015. The entire contents of each

of the foregoing applications are hereby incorporated herein by reference.
Sequence Listing

The instant application contains a Sequence Listing which has been submitted
electronically in ASCII format and is hereby incorporated by reference in its entirety.
Said ASCII copy, created on June 16, 2016, is named 121301-03720_SL.txt and is
523,685 bytes in size.

Background of the Invention

Hypoglycemia is a biochemical symptom indicating the presence of an
underlying disease or disorder. Since glucose is the fundamental energy currency of the
cell, diseases and disorders that affect its availability or use can cause hypoglycemia.

The body normally defends against hypoglycemia by decreasing insulin secretion
and increasing glucagon, epinephrine, growth hormone, and cortisol secretion. These
hormonal changes combine to increase hepatic glucose production, increase alternative
fuel availability, and decrease glucose use. The increase in hepatic glucose production is
initially caused by the breakdown of liver glycogen stores resulting from lower insulin
levels and increased glucagon levels. When glycogen stores become depleted and
protein breakdown increases because of increased cortisol levels, hepatic
gluconeogenesis replaces glycogenolysis as the primary source of glucose production.
Decreased use of peripheral glucose occurs initially because of a fall in insulin levels
and later because of increases in epinephrine, cortisol, and growth hormone levels.

All of these events increase lipolysis and plasma free fatty acid levels, which are
then available as an alternative fuel source and act to competitively inhibit glucose use.
Plasma free fatty acids also stimulate glucose production. Hypoglycemia occurs when
one or more of these counterregulatory mechanisms fail because of, for example, the
overuse of glucose (as in hyperinsulinism) or the underproduction of glucose (as in a

glycogen-storage diseases).
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GSD is an inherited genetic disorder due to an absence or deficiency of one of
the enzymes responsible for making or breaking down glycogen in the body. This
enzyme deficiency causes either abnormal tissue concentrations of glycogen or
incorrectly or abnormally formed glycogen and patients with glycogen storage diseases
(GSD) may also have low blood glucose levels. GSD occurs in about one of 50,000 to
100,000 births. Some patients might die before diagnosis, while severe infantile forms
and some milder forms might go unrecognized. Symptoms of GSD vary based on the
enzyme that is missing and usually result from the buildup of glycogen or from the
inability to produce glucose when needed. Because GSD occurs mainly in muscles and
the liver, those areas show the most symptoms, such as, poor growth , muscle cramps,
low blood sugar, enlarged liver, swollen belly, and abnormal blood chemistry.

Current treatments for glycogen storage diseases have been very limited and
mainly focused on correcting hypoglycemia and other metabolic disturbances through
dietary control, such as, by using a modified form of cornstarch, or a high-protein diet.

Accordingly, there is a need in the art for alternative treatments for subjects
having a glycogen storage disease (GSD), e.g., type Ia GSD, which are independent of

the underlying molecular defects.

Summary of the Invention

The present invention provides iRNA compositions which effect the RNA-
induced silencing complex (RISC)-mediated cleavage of RNA transcripts of a
glucokinase (GCK) gene. The GCK gene may be within a cell, e.g., a cell within a
subject, such as a human. The present invention also provides methods of using the
iRNA compositions of the invention for inhibiting the expression of a GCK gene and/or
for treating a subject who would benefit from inhibiting or reducing the expression of a
GCK gene, e.g., a subject suffering or prone to suffering from a glycogen storage
disease (GSD), or one or more signs or symptoms of GSD, such as hypoglycemia, lactic
acidosis, hyperuricemia, hyperlipidemia, hepatomegaly, kidney disease as a result if
glycogen accumulation, hunger, jitteriness, lethargy, apnea, seizures, diaphoresis,
confusion, headaches, dizziness, unusual mood or behavior changes, loss of
consciousness, coma, muscle cramps, bleeding diathesis, short stature, osteoporosis,
delayed puberty, gout, renal disease, systemic hypertension, pulmonary hypertension,
hepatic adenomas, pancreatitis, anemia, vitamin D deficiency, polycystic ovaries,
irregular menstrual cycles, menorrhagia, and/or eruptive xanthomata.

GCK in the liver of a subject is the rate limiting enzyme for both glucose uptake
and glycogen synthesis. Furthermore, the liver is a major site for regulation of whole
body glucose metabolism. Therefore, by inhibiting expression of a glucokinase gene,

e.g., a glucokinase gene in the liver of a subject, with a double stranded RNAi agent of
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the invention, e.g., an RNAI agent that contains and/or is coupled to a ligand, e.g.,
GalNACc3, that directs the RNAi agent to a site of interest, e.g., the liver, hepatic glucose
uptake and storage will decrease, thus, inhibiting hypoglycemia, e.g., fasting
hypoglycemia, in subjects suffering or prone to suffering from a glycogen storage
disease (GSD), e.g., type Ia GSD, independent of the underlying cause. Furthermore, by
inhibiting expression of a glucokinase gene, e.g., a glucokinase gene in the liver of a
subject, with a double stranded RNAi agent of the invention, insulin resistance in the
liver is selectively induced without altering insulin clearance in order to maintain safe
glucose levels in subjects suffering or prone to suffering from a glycogen storage disease
(GSD), e.g., type Ia GSD. In addition, by inhibiting expression of a glucokinase gene,
e.g., a glucokinase gene in the liver of a subject having a glycogen storage disease
(GSD), e.g., type Ia GSD, with a double stranded RNA1 agent of the invention, hepatic
glucose uptake and storage will decrease, thus, inhibiting hypoglycemia, e.g., fasting
hypoglycemia, inhibit hepatic glycogen storage to inhibit hepatomegaly, reduce lipid
abnormalities, lactic acidosis and/or hyperuricemia.

Accordingly, in one aspect, the present invention provides double stranded
ribonucleic acids (RNA1) agents for inhibiting expression of a glucokinase (GCK) gene.
The double stranded RNAi agents comprise a sense strand and an antisense strand,
wherein the sense strand comprises at least 15 contiguous nucleotides differing by no
more than 3 nucleotides from the nucleotide sequence of SEQ ID NO:1 and the
antisense strand comprises at least 15 contiguous nucleotides differing by no more than
3 nucleotides from the nucleotide sequence of SEQ ID NO:15.

In another aspect, the invention provides double stranded ribonucleic acids
(RNA1) agents for inhibiting expression of glucokinase (GCK), wherein the double
stranded RNA1 agents comprises a sense strand and an antisense strand, the antisense
strand comprising a region of complementarity which comprises at least 15 contiguous
nucleotides differing no more than 3 nucleotides from any one of the antisense
sequences listed in any one ofTables 2, 3, 6, and 7.

In certain embodiments, the double stranded RNAi agent comprises at least one
modified nucleotide. In one embodiment, the modified nucleotide comprises a 2'-O-
methyl modified nucleotide. In another embodiment, the modified nucleotide comprises
a 2'-fluoro modified nucleotide. In one embodiment, the modified nucleotide comprises
a 3’-terminal deoxy-thymine (dT) nucleotide. In another embodiment, the modified
nucleotide comprises a short sequence of deoxy-thymine (dT) nucleotides.

In certain embodiments, the dSRNA comprises no more than 4 (i.e., 4, 3,2, 1, or
0) unmodified nucleotides in the sense strand. In certain embodiments, the dSRNA
comprises no more than 4 (i.e., 4, 3, 2, 1, or 0) unmodified nucleotides in the antisense

strand. In certain embodiments, the double stranded RNAi agent comprises no more
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than 4 (i.e., 4, 3, 2, 1, or 0) unmodified nucleotides in both the sense strand and the
antisense strand. In certain embodiments, the double stranded RNA1 agent comprises
all modified nucleotides in the sense strand. In certain embodiments, the dSSRNA
comprises all modified nucleotides in the antisense strand. In certain embodiments, the
double stranded RNA1i agent comprises all modified nucleotides in both the sense strand
and the antisense strand.

In one aspect, the present invention provides double stranded ribonucleic acid
(RNA1) agents for inhibiting expression of glucokinase (GCK), wherein the double
stranded RNAi agent comprises a sense strand and an antisense strand forming a double
stranded region, wherein the sense strand comprises at least 15 contiguous nucleotides
differing by no more than 3 nucleotides from the nucleotide sequence of SEQ ID NO:1
and the antisense strand comprises at least 15 contiguous nucleotides differing by no
more than 3 nucleotides from the nucleotide sequence of SEQ ID NO:15, wherein
substantially all of the nucleotides of the sense strand and substantially all of the
nucleotides of the antisense strand are modified nucleotides, and wherein the sense
strand is conjugated to a ligand attached at the 3’-terminus.

In certain embodiments, at least one of the 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 unlocked nucleotide, a conformationally restricted nucleotide, a
constrained ethyl nucleotide, an abasic nucleotide, a 2’-amino-modified nucleotide, a 2’-
O-allyl-modified nucleotide, 2°-C-alkyl-modified nucleotide, 2’-hydroxly-modified
nucleotide, a 2’-methoxyethyl modified nucleotide, a 2°-O-alkyl-modified nucleotide, a
morpholino nucleotide, a phosphoramidate, a non-natural base comprising nucleotide, a
tetrahydropyran modified nucleotide, a 1,5-anhydrohexitol modified nucleotide, a
cyclohexenyl modified nucleotide, a nucleotide comprising a 5'-phosphorothioate group,
a nucleotide comprising a 5'-methylphosphonate group, a nucleotide comprising a 5’
phosphate or 5° phosphate mimic, a nucleotide comprising vinyl phosphate, a nucleotide
comprising adenosine-glycol nucleic acid (GNA), a nucleotide comprising thymidine-
glycol nucleic acid (GNA) S-Isomer, a nucleotide comprising 2-hydroxymethyl-
tetrahydrofurane-5-phosphate, a nucleotide comprising 2’-deoxythymidine-3’phosphate,
a nucleotide comprising 2’-deoxyguanosine-3’-phosphate, and a terminal nucleotide
linked to a cholesteryl derivative or a dodecanoic acid bisdecylamide group.

In certain embodiments, the modified nucleotides is/are independently selected
from the group consisting of a 2'-O-methyl modified nucleotide, a nucleotide comprising
a 5'-phosphorothioate group, a 3’-terminal deoxy-thymine (dT) nucleotide, and a
terminal nucleotide linked to a cholesteryl derivative or a dodecanoic acid bisdecylamide

group. In certain embodiments, the modified nucleotide is selected from the group
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consisting of a 2'-deoxy-2'-fluoro modified nucleotide, a 2'-deoxy-modified nucleotide, a
3’-terminal deoxy-thymine (dT) nucleotide, a locked nucleotide, an abasic nucleotide, a
2’-amino-modified nucleotide, a 2’-alkyl-modified nucleotide, a morpholino nucleotide,
a phosphoramidate, and a non-natural base comprising nucleotide.

In certain embodiments, the double stranded RNAi agent comprises a region of
complementarity at least 17 nucleotides in length. In certain embodiments, the double
stranded RNA1 agent comprises a region of complementarity 19-23 nucleotides in
length. In certain embodiments, the double stranded RNAi agent comprises a region of
complementarity 19-21 nucleotides in length. In certain embodiments, the double
stranded RNA1 agent comprises a region of complementarity is 19 nucleotides in
length. In certain embodiments, the double stranded RNAi agent comprises a region of
complementarity is 21 nucleotides in length.

In certain embodiments, each strand of the double stranded RNAi agent is no
more than 30 nucleotides in length. In certain embodiments, the double stranded RNAI1
agent is at least 15 nucleotides in length.

In some embodiments, at least one strand of the dSRNA agent comprises a 3’
overhang of at least 1 nucleotide, e.g., at least one strand comprises a 3” overhang of at
least 2 nucleotides, e.g., 2, 3,4, 5,6,7,9, 10, 11, 12, 13, 14, or 15 nucleotides. In some
embodiments, at least one strand of the RNAi agent comprises a 5’ overhang of at least 1
nucleotide. In certain embodiments, at least one strand comprises a 5° overhang of at
least 2 nucleotides, e.g., 2, 3,4, 5,6,7,9, 10, 11, 12, 13, 14, or 15 nucleotides. In some
embodiments, both the 3” and the 5° end of one strand of the RNAi1 agent comprise an
overhang of at least 1 nucleotide. In some embodiments, at least one strand comprises a
3’ overhang of at least 2 nucleotides.

In certain embodiments, the double stranded RNAi agent further comprises a
ligand. In certain embodiments, the ligand is conjugated to the 3’ end of the sense
strand of the double stranded RNAi agent. In certain embodiments, the ligand is an N-
acetylgalactosamine (GalNAc) derivative.

In certain embodiments, the ligand is

Ho O
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In certain embodiments, the wherein the double stranded RNAi agent is

conjugated to the ligand as shown in the following schematic
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and, wherein X is O or S.

In certain embodiments, the ligand is a cholesterol.

In certain embodiments, the ligand is one or more GalNAc derivatives attached
through a monovalent, a bivalent, or a trivalent branched linker. The ligand may be
conjugated to the 3’ end of the sense strand of the polynucleotide agent, the 5° end of the
sense strand of the polynucleotide agent, the 3° end of the antisense strand of the
polynucleotide agent, the 5’ end of the antisense strand of the polynucleotide agent.

In some embodiments, the polynucleotide agents of the invention comprise a
plurality, e.g., 2, 3, 4, 5, or 6, of GalNAc, each independently attached to a plurality of
nucleotides of the polynucleotide agent through a plurality of monovalent linkers.

In one embodiment, the agents inhibit the expression of GCK and the sense
strand and the antisense strand comprise nucleotide sequences selected from the group
consisting of the nucleotide sequences of any one of the agents listed in any one of
Tables 2, 3, 6, and 7.

The invention provides cells containing the double stranded RNAi agents
provided herein.

In another aspect, the invention provides pharmaceutical composition for
inhibiting expression of a glucokinase (GCK) gene comprising the double stranded
RNAIi agent provided herein. In certain embodiments, the pharmaceutical compositions
further comprise a lipid formulation.

The invention also provides methods of inhibiting expression of a glucokinase
(GCK) gene in a cell. The methods include contacting the cell with a double stranded
RNAIi agent described herein; and maintaining the cell produced for a time sufficient to
obtain degradation of the mRNA transcript of a GCK gene, thereby inhibiting expression
of the GCK gene in the cell.
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In certain embodiments, the cell is within a subject. In certain embodiments, the
subject is a human. In certain embodiments, the human subject suffers from a disease or
disorder that would benefit from reduction in GCK expression, such as a glycogen
storage disease (GSD), e.g., type Ia GSD. In certain embodiments, the GCK expression
is inhibited by at least about 5%, 10%, 15%, 20%, 25%, 30%, about 40%, about 50%,
about 60%, about 70%, about 80%, about 90%, about 95%, about 98% or about 100%.

The invention further provides methods of treating a subject having a disorder
that would benefit from reduction in expression of a glucokinase (GCK) gene. The
methods include administering to the subject a therapeutically effective amount of any
of the double stranded RNA1 agents provided herein, thereby treating the subject, such
as a disease or disorder associated with a glycogen storage disease (GSD), e.g., type la
GSD.

In one aspect, the present invention provides methods of preventing at least one
symptom in a subject having a disease or disorder that would benefit from reduction in
expression of a glucokinase (GCK) gene. The methods include administering to the
subject a prophylactically effective amount of a double stranded RNAi agent described
herein, thereby preventing at least one symptom in the subject having a disorder that
would benefit from reduction in GCK expression.

In certain embodiments, administration of the double stranded RNA1 agent to the
subject causes an increase in one or more blood glucose and/or a decrease in GCK
protein accumulation. In certain embodiments, administration of the double stranded
RNAI agent to the subject, e.g., a subject having a glycogen storage disease (GSD), e.g.,
type Ia GSD, causes a decrease in one or more signs of a glycogen storage disease
(GSD), e.g., type Ia GSD, e.g., hypoglycemia, lactic acidosis, hyperuricemia,
hyperlipidemia, hepatomegaly, kidney disease as a result of glycogen accumulation,
hunger, jitteriness, lethargy, apnea, seizures, diaphoresis, confusion, headaches,
dizziness, unusual mood or behavior changes, loss of consciousness, coma, muscle
cramps, bleeding diathesis, short stauture, osteoporosis, delayed puberty, gout, renal
disease, systemic hypertension, pulmonary hypertension, hepatic adenomas, pancreatitis,
anemia, vitamin D deficiency, polycystic ovaries, irregular menstrual cycles,
menorrhagia, and/or eruptive xanthomata.

The invention also provides methods of inhibiting the expression of a
glucokinase (GCK) gene in a subject. The methods include method administering to the
subject a therapeutically effective amount of any of the double stranded RNA1 agents
provided herein or a pharmaceutical composition comprising any of the double stranded

RNAI agents provided herein, thereby inhibiting the expression of GCK in the subject.
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In one aspect, the present invention provides methods of increasing the blood
glucose levels, e.g., fasting blood glucose levels, in a subject having a disease or
disorder that would benefit from reduction in GCK expression. The methods include
administering to the subject a therapeutically effective amount of any of the double
stranded RNAi agents provided herein or a pharmaceutical composition comprising any
of the double stranded RNA1 agents provided herein, thereby increasing the blood
glucose levels in the subject.

In another aspect, the present invention provides methods of decreasing plasma
lactate levels in a subject having a disease or disorder that would benefit from reduction
in GCK expression. The methods include administering to the subject a therapeutically
effective amount of any of the double stranded RNA1 agents provided herein or a
pharmaceutical composition comprising any of the double stranded RN A1 agents
provided herein, thereby decreasing the blood lactate levels in the subject.

In yet another aspect, the present invention provides methods of decreasing
plasma uric acid levels in a subject having a disease or disorder that would benefit from
reduction in GCK expression. The methods include administering to the subject a
therapeutically effective amount of any of the double stranded RNAi agents provided
herein or a pharmaceutical composition comprising any of the double stranded RNAi
agents provided herein, thereby decreasing the plasma uric acidlevels in the subject.

In one aspect, the present invention provides methods of decreasing plasma
triglyceride levels in a subject having a disease or disorder that would benefit from
reduction in GCK expression. The methods include administering to the subject a
therapeutically effective amount of any of the double stranded RNAi agents provided
herein or a pharmaceutical composition comprising any of the double stranded RNAi
agents provided herein, thereby decreasing plasma triglyceride levels in the subject.

In another aspect, the present invention provides methods of decreasing total
plasma cholesterol levels in a subject having a disease or disorder that would benefit
from reduction in GCK expression. The methods include administering to the subject a
therapeutically effective amount of any of the double stranded RNAi agents provided
herein or a pharmaceutical composition comprising any of the double stranded RNAi
agents provided herein, thereby decreasing the total plasma cholesterol levels in said
subject.

In one aspect, the present invention provides methods of decreasing
hepatomegaly in a subject having a disease or disorder that would benefit from reduction
in GCK expression. The methods include administering to the subject a therapeutically
effective amount of any of the double stranded RNA1 agents provided herein or a
pharmaceutical composition comprising any of the double stranded RN A1 agents

provided herein, thereby decreasing hepatomegaly in the subject.
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In certain embodiments, the dSRNA agent is administered to the subject at a dose
of about 0.01 mg/kg to about 10 mg/kg or about 0.5 mg/kg to about 50 mg/kg. In certain
embodiments, the dsRNA agent is administered about once per month, once every other
two months, or once a quarter (i.e., once every three months), for example, at a dose of
about 0.1 mg/kg to about 5.0 mg/kg.

In certain embodiments, the double stranded RNA agent is administered to the
subject once a week. In certain embodiments, the dsRNA agent is administered to the
subject once a month. In certain embodiments, the dsSRNA agent is administered once
per quarter (i.e., every three months).

In some embodiments, the methods of the invention further include
administering an additional therapeutic to the subject. In one embodiment, the
additional therepaeutic is a sodium-glucose co-transporter 2 (SGLT?2) inhibitor, e.g.,
Dapagliflozin, Canagliflozin, Ipragliflozin (ASP-1941), Tofogliflozin, Empagliflozin,
Sergliflozin etabonate, Remogliflozin etabonate (BHV091009), and Ertugliflozin (PF-
04971729 / MK-8835.

In yet another aspect, the invention provides kits for performing the methods of
the invention. In one aspect, the invention provides a kit for performing a method for
inhibiting expression of a glucokinase (GCK) gene in a cell by contacting a cell with a
double stranded RNAi agent in an amount effective to inhibit expression of the GCK in
the cell. The kit comprises an RNA1 agent and instructions for use and, optionally,

means for administering the RNAi agent to a subject.

Detailed Description of the Invention

The present invention provides iRNA compositions, which affect the RNA-
induced silencing complex (RISC)-mediated cleavage of RNA transcripts of a
glucokinase (GCK) gene. The GCK gene may be within a cell, e.g., a cell within a
subject, such as a human. The present invention also provides methods of using the
iRNA compositions of the invention for inhibiting the expression of a glucokinase
(GCK) gene and/or for treating a subject having a disorder that would benefit from
inhibiting or reducing the expression of a GCK gene, such as a glycogen storage disease
(GSD), e.g., type Ia GSD, and one or more of the signs or symptoms associated
therewith.

The iRNAs of the invention include an RNA strand (the antisense strand) having
a region which is about 30 nucleotides or less in length, e.g., 15-30, 15-29, 15-28, 15-27,
15-26, 15-25, 15-24, 15-23, 15-22, 15-21, 15-20, 15-19, 15-18, 15-17, 18-30, 18-29, 18-
28, 18-27, 18-26, 18-25, 18-24, 18-23, 18-22, 18-21, 18-20, 19-30, 19-29, 19-28, 19-27,
19-26, 19-25, 19-24, 19-23, 19-22, 19-21, 19-20, 20-30, 20-29, 20-28, 20-27, 20-26, 20-
25, 20-24,20-23, 20-22, 20-21, 21-30, 21-29, 21-28, 21-27, 21-26, 21-25, 21-24, 21-23,
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or 21-22 nucleotides in length, which region is substantially complementary to at least
part of an mRNA transcript of a GCK gene.

In certain embodiments, the iRNAs of the invention include an RNA strand (the
antisense strand) which can include longer lengths, for example up to 66 nucleotides,
e.g., 36-66, 26-36, 25-36, 31-60, 22-43, 27-53 nucleotides in length with a region of at
least 19 contiguous nucleotides that is substantially complementary to at least a part of
an mRNA transcript of a GCK gene. These iRNAs with the longer length antisense
strands include a second RNA strand (the sense strand) of 20-60 nucleotides in length
wherein the sense and antisense strands form a duplex of 18-30 contiguous nucleotides.

The use of these iRNAs enables the targeted degradation of mRNAs of a GCK
gene in mammals. Very low dosages of GCK iRNAs, in particular, can specifically and
efficiently mediate RNA interference (RNA1), resulting in significant inhibition of
expression of a GCK gene. Using cell-based assays, the present inventors have
demonstrated that iRNAs targeting GCK can mediate RNA{, resulting in significant
inhibition of expression of a GCK gene. Thus, methods and compositions including
these iRNAs are useful for treating a subject who would benefit by a reduction in the
levels and/or activity of a GCK protein, such as a subject having a glycogen storage
disease (GSD), e.g., type Ia GSD.

The following detailed description discloses how to make and use compositions
containing iRNAs to inhibit the expression of a GCK gene, as well as compositions and
methods for treating subjects having diseases and disorders that would benefit from

inhibition and/or reduction of the expression of this gene.

L. Definitions

In order that the present invention 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 values and ranges intermediate to the
recited values are also intended to be part of this invention.

The articles “a” and “an’ are used herein to refer to one or to more than one (i.e.,
to at least one) of the grammatical object of the article. By way of example, “an
element” means one element or more than one element, e.g., a plurality of elements.

The term "including" is used herein to mean, and is used interchangeably with,
the phrase "including but not limited to". The term "or" is used herein to mean, and is
used interchangeably with, the term "and/or,” unless context clearly indicates otherwise.

The term “about” is used herein to mean within the typical ranges of tolerances
in the art. For example, “about” can be understood as within about 2 standard deviations

from the mean. In certain embodiments, about means +10%. In certain embodiments,
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about means +5%. When about is present before a series of numbers or a range, it is
understood that “about” can modify each of the numbers in the series or range.

The terms “GCK,” “glucokinase,” “hexokinase D,” and “hexokinase 4” refer to
an enzyme that facilitates phosphorylation of glucose to glucose-6-phosphate having an
amino acid sequence {rom any vertebrate or mammalian source, including, but not
limited to, human, bovine, chicken, rodent, mouse, rat, porcine, ovine, primate, monkey,
and guinea pig, unless specified otherwise. The term also refers to fragments and
variants of native GCK that maintain at least one in vivo or in vitro activity of a native
GCK. The term encompasses full-length unprocessed precursor forms of GCK as well
as mature forms resulting from, e.g., post-translational processing.

The sequence of a human GCK mRNA transcript (transcript variant 2) can be
found at, for example, GenBank Accession No. GI: 15967158 (NM_033507; NCBI
GenelD: 2645; SEQ ID NO:1). The sequence of another human GCK mRNA transcript
(transcript variant 1) can be found at, for example, GenBank Accession No. GI:
167621407 (NM_000162); SEQ ID NO:2). The sequence of yet another human GCK
mRNA transcript (transcript variant 3) can be found at, for example, GenBank
Accession No. GI: 15967160 (NM_033508); SEQ ID NO:3). The predicted sequence of
a rhesus GCK mRNA transcript (transcript variant X1) can be found at, for example,
GenBank Accession No. GI: 544420246 (XM_005549685; SEQ ID NO:4). The
predicted sequence of another rthesus GCK mRNA transcript (transcript variant X2) can
be found at, for example, GenBank Accession No. GI: 544420248 (XM_005549686;
SEQ ID NO:5). The predicted sequence of yet another rhesus GCK mRNA transcript
(transcript variant X3) can be found at, for example, GenBank Accession No. GI:
544420250 (XM_005549687; SEQ ID NO:6). The predicted sequence of another rhesus
GCK mRNA transcript (transcript variant X4) can be found at, for example, GenBank
Accession No. GI: 544420252 (XM_005549688; SEQ ID NO:7). The sequence of a
mouse GCK mRNA transcript (transcript variant 1)can be found at, for example,
GenBank Accession No. GI: 565671706 (NM_010292; SEQ ID NO:8). The sequence
of another mouse GCK mRNA transcript (transcript variant 2)can be found at, for
example, GenBank Accession No. GI: 565671714 (NM_001287386; SEQ ID NO:9).
The sequence of a rat GCK mRNA transcript (transcript variant 2) can be found at, for
example, GenBank Accession No. GI: 399220372 (NM_012565; SEQ ID NO:10). The
sequence of another rat GCK mRNA transcript (transcript variant 1) can be found at, for
example, GenBank Accession No. GI: 399220370 (NM_001270849; SEQ ID NO:11).
The sequence of yet another rat GCK mRNA transcript (transcript variant 3) can be
found at, for example, GenBank Accession No. GI: 399220373 (NM_001270850; SEQ
ID NO:12). Additional examples of GCK mRNA sequences are readily available using
publicly available databases, e.g., GenBank, UniProt, and OMIM.
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As used herein, “target sequence” refers to a contiguous portion of the nucleotide
sequence of an mRNA molecule formed during the transcription of a GCK gene,
including mRNA that is a product of RNA processing of a primary transcription product.
In one embodment, the target portion of the sequence will be at least long enough to
serve as a substrate for iIRNA-directed cleavage at or near that portion of the nucleotide
sequence of an mRNA molecule formed during the transcription of a GCK gene.

The target sequence may be from about 9-36 nucleotides in length, e.g., about
15-30 nucleotides in length. For example, the target sequence can be from about 15-30
nucleotides, 15-29, 15-28, 15-27, 15-26, 15-25, 15-24, 15-23, 15-22, 15-21, 15-20, 15-
19, 15-18, 15-17, 18-30, 18-29, 18-28, 18-27, 18-26, 18-25, 18-24, 18-23, 18-22, 18-21,
18-20, 19-30, 19-29, 19-28, 19-27, 19-26, 19-25, 19-24, 19-23, 19-22, 19-21, 19-20, 20-
30, 20-29, 20-28, 20-27, 20-26, 20-25, 20-24,20-23, 20-22, 20-21, 21-30, 21-29, 21-28,
21-27, 21-26, 21-25, 21-24, 21-23, or 21-22 nucleotides in length. Ranges and lengths
intermediate to the above recited ranges and lengths are also contemplated to be part of
the invention.

As used herein, the term “strand comprising a sequence’ refers to an
oligonucleotide comprising a chain of nucleotides that is described by the sequence
referred to using the standard nucleotide nomenclature.

“G,” “C,” “A” “T,” and “U” each generally stand for a nucleotide that contains
guanine, cytosine, adenine, thymidine, and uracil as a base, respectively. However, it
will be understood that the term “ribonucleotide” or “nucleotide” can also refer to a
modified nucleotide, as further detailed below, or a surrogate replacement moiety. The
skilled person is well aware that guanine, cytosine, adenine, and uracil can be replaced
by other moieties without substantially altering the base pairing properties of an
oligonucleotide comprising a nucleotide bearing such replacement moiety. For example,
without limitation, a nucleotide comprising inosine as its base can base pair with
nucleotides containing adenine, cytosine, or uracil. Hence, nucleotides containing
uracil, guanine, or adenine can be replaced in the nucleotide sequences of dsSRNA
featured in the invention by a nucleotide containing, for example, inosine. In another
example, adenine and cytosine anywhere in the oligonucleotide can be replaced with
guanine and uracil, respectively to form G-U Wobble base pairing with the target
mRNA. Sequences containing such replacement moieties are suitable for the
compositions and methods featured in the invention.

The terms “iIRNA,” “RNAi agent,” “IRNA agent,” and “RNA interference agent”
as used interchangeably herein, refer to an agent that contains RNA as that term is
defined herein, and which mediates the targeted cleavage of an RNA transcript via an
RNA-induced silencing complex (RISC) pathway. iRNA directs the sequence-specific
degradation of mRNA through a process known as RNA interference (RNAi). The
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iRNA modulates, e.g., inhibits, the expression of GCK in a cell, e.g., a cell within a
subject, such as a mammalian subject.

In one embodiment, an RNAi agent of the invention includes a single stranded
RNAI that interacts with a target RNA sequence, e.g., a GCK target mRNA sequence, to
direct the cleavage of the target RNA. Without wishing to be bound by theory it is
believed that long double stranded RNA introduced into cells is broken down into
double stranded short interfering RNAs (siRNAs) comprising a sense strand and an
antisense strand by a Type III endonuclease known as Dicer (Sharp er al. (2001) Genes
Dev. 15:485). Dicer, a ribonuclease-III-like enzyme, processes these dSRNA into 19-23
base pair short interfering RNAs with characteristic two base 3' overhangs (Bernstein, et
al., (2001) Nature 409:363). These siRNAs are then incorporated into 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, et
al., (2001) Cell 107:309). Upon binding to the appropriate target mRNA, one or more
endonucleases within the RISC cleave the target to induce silencing (Elbashir, et al.,
(2001) Genes Dev. 15:188). Thus, in one aspect the invention relates to a single
stranded RNA (ssRNA) (the antisense strand of an siRNA duplex) generated within a
cell and which promotes the formation of a RISC complex to effect silencing of the
target gene, i.e., a GCK gene. Accordingly, the term “siRNA” is also used herein to
refer to an RN A1 as described above.

In another embodiment, the RNAi1 agent may be a single-stranded RNA that is
introduced into a cell or organism to inhibit a target mRNA. Single-stranded RNA1
agents bind to the RISC endonuclease, Argonaute 2, which then cleaves the target
mRNA. The single-stranded siRNAs are generally 15-30 nucleotides and are chemically
modified. The design and testing of single-stranded RNAs are described in U.S. Patent
No. 8,101,348 and in Lima et al., (2012) Cell 150:883-894, the entire contents of each of
which are hereby incorporated 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 et al., (2012) Cell 150:883-
894.

In another embodiment, an “iRNA” for use in the compositions and methods of
the invention is a double stranded RNA and is referred to herein as a “double stranded
RNAI agent,” “double stranded RNA (dsRNA) molecule,” “dsRNA agent,” or
“dsRNA”. The term “dsRNA”, refers to a complex of ribonucleic acid molecules,
having a duplex structure comprising two anti-parallel and substantially complementary
nucleic acid strands, referred to as having “sense” and “antisense” orientations with

respect to a target RNA, i.e., a GCK gene. In some embodiments of the invention, a
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double stranded RNA (dsRNA) triggers the degradation of a target RNA, e.g., an
mRNA, through a post-transcriptional gene-silencing mechanism referred to herein as
RNA interference or RNAI.

The majority of nucleotides of each strand of a dSRNA molecule may be
ribonucleotides, but as described in detail herein, each or both strands can also include
one or more non-ribonucleotides, e.g., a deoxyribonucleotide and/or a modified
nucleotide. In addition, as used in this specification, an “RNAi agent” may include
ribonucleotides with chemical modifications; an RNAi agent may include substantial
modifications at multiple nucleotides. As used herein, the term “modified nucleotide”
refers to a nucleotide having, independently, a modified sugar moiety, a modified
internucleotide linkage, and/or modified nucleobase. Thus, the term modified nucleotide
encompasses substitutions, additions or removal of, e.g., a functional group or atom, to
internucleoside linkages, sugar moieties, or nucleobases. The modifications suitable for
use in the agents of the invention include all types of modifications disclosed herein or
known in the art. Any such modifications, as used in a siRNA type molecule, are
encompassed by “RNAI agent” for the purposes of this specification and claims.

The duplex region may be of any length that permits specific degradation of a
desired target RNA through a RISC pathway, and may range from about 9 to 36 base
pairs in length, e.g., about 15-30 base pairs in length, for example, about 9, 10, 11, 12,
13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, or
36 base pairs in length, such as about 15-30, 15-29, 15-28, 15-27, 15-26, 15-25, 15-24,
15-23, 15-22, 15-21, 15-20, 15-19, 15-18, 15-17, 18-30, 18-29, 18-28, 18-27, 18-26, 18-
25, 18-24, 18-23, 18-22, 18-21, 18-20, 19-30, 19-29, 19-28, 19-27, 19-26, 19-25, 19-24,
19-23, 19-22, 19-21, 19-20, 20-30, 20-29, 20-28, 20-27, 20-26, 20-25, 20-24,20-23, 20-
22,20-21, 21-30, 21-29, 21-28, 21-27, 21-26, 21-25, 21-24, 21-23, or 21-22 base pairs
in length. Ranges and lengths intermediate to the above recited ranges and lengths are
also contemplated to be part of the invention.

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 therefore are connected by an uninterrupted chain of
nucleotides between the 3’-end of one strand and the 5’-end of the respective other
strand forming the duplex structure, the connecting RNA chain is referred to as a
“hairpin loop.” A hairpin loop can comprise at least one unpaired nucleotide. In some
embodiments, the hairpin loop can comprise at least 2, at least 3, at least 4, at least 5, at
least 6, at least 7, at least 8, at Ieast 9, at least 10, at least 20, at least 23, or more
unpaired nucleotides. In some embodiments, the hairpin loop can be 10 or fewer

nucleotides. In some embodiments, the hairpin loop can be 8 or fewer unpaired
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nucleotides. In some embodiments, the hairpin loop can be 4-10 unpaired nucleotides.
In some embodiments, the hairpin loop can be 4-8 nucleotides.

Where the two substantially complementary strands of a dsRNA are comprised
by separate RNA molecules, those molecules need not, but can be covalently connected.
Where the two strands are connected covalently by means other than an uninterrupted
chain of nucleotides between the 3’-end of one strand and the 5’-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 nucleotides in the shortest strand
of the dsRNA minus any overhangs that are present in the duplex. In addition to the
duplex structure, an RNA1 may comprise one or more nucleotide overhangs.

In one embodiment, an RNA1 agent of the invention is a dSRNA, each strand of
which comprises 19-23 nucleotides, that interacts with a target RNA sequence, e.g., a
GCK gene, without wishing to be bound by theory, long double stranded RNA
introduced into cells is broken down into siRNA by a Type III endonuclease known as
Dicer (Sharp et al. (2001) Genes Dev. 15:485). Dicer, a ribonuclease-IlI-like enzyme,
processes the dsRNA into 19-23 base pair short interfering RNAs with characteristic two
base 3' overhangs (Bernstein, et al., (2001) Nature 409:363). The siRNAs are then
incorporated into 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, et al., (2001) Cell 107:309). Upon binding to the
appropriate target mRNA, one or more endonucleases within the RISC cleave the target
to induce silencing (Elbashir, ef al., (2001) Genes Dev. 15:188). In one embodiment, an
RNAI agent of the invention is a dsSRNA of 24-30 nucleotides that interacts with a target
RNA sequence, e.g., a prolyl hydroxylase domain-containing gene, i.e., a PHD1 target
mRNA sequence, a PHD?2 target mRNA sequence, or a PHD3 target mRNA sequence,
to direct the cleavage of the target RNA.

As used herein, the term “nucleotide overhang” refers to at least one unpaired
nucleotide that protrudes from the duplex structure of an iRNA, e.g., a dsRNA. For
example, when a 3'-end of one strand of a dsRNA extends beyond the 5'-end of the other
strand, or vice versa, there is a nucleotide overhang. A dsRNA can comprise an
overhang of at least one nucleotide; alternatively the overhang can comprise at least two
nucleotides, at least three nucleotides, at least four nucleotides, at least five nucleotides
or more. A nucleotide overhang can comprise or consist of a nucleotide/nucleoside
analog, including a deoxynucleotide/nucleoside. The overhang(s) can be on the sense
strand, the antisense strand or any combination thereof. Furthermore, the nucleotide(s)
of an overhang can be present on the 5'-end, 3'-end or both ends of either an antisense or
sense strand of a dsSRNA.

15



WO 2016/209862 PCT/US2016/038616

10

15

20

25

30

35

In one embodiment of the dsRNA, at least one strand comprises a 3” overhang of
at least 1 nucleotide. In another embodiment, at least one strand comprises a 3’ overhang
of at least 2 nucleotides, e.g., 2, 3,4,5,6,7,9, 10, 11, 12, 13, 14, or 15 nucleotides. In
other embodiments, at least one strand of the RNAi agent comprises a 5* overhang of at
least 1 nucleotide. In certain embodiments, at least one strand comprises a 5° overhang
of at least 2 nucleotides, e.g., 2, 3,4,5,6,7,9, 10, 11, 12, 13, 14, or 15 nucleotides. In
still other embodiments, both the 3’ and the 5 end of one strand of the RNAi agent
comprise an overhang of at least 1 nucleotide.

In one embodiment, the antisense strand of a dSRNA has a 1-10 nucleotide, e.g.,
al,2,3,4,5,6,7, 8,9, or 10 nucleotide, overhang at the 3’-end and/or the 5’-end. In
one embodiment, the sense strand of a dSRNA has a 1-10 nucleotide, e.g., a 1,2, 3,4, 5,
6,7, 8,9, or 10 nucleotide, overhang at the 3’-end and/or the 5’-end. In certain
embodiments, the overhang on the sense strand or the antisense strand, or both, can
include extended lengths longer than 10 nucleotides, e.g., 1-30 nucleotides, 2-30
nucleotides, 10-30 nucleotides, or 10-15 nucleotides in length. In certain embodiments,
an extended overhang is on the sense strand of the duplex. In certain embodiments, an
extended overhang is present on the 3’end of the sense strand of the duplex. In certain
embodiments, an extended overhang is present on the 5’end of the sense strand of the
duplex. In certain embodiments, an extended overhang is on the antisense strand of the
duplex. In certain embodiments, an extended overhang is present on the 3’end of the
antisense strand of the duplex. In certain embodiments, an extended overhang is present
on the 5’end of the antisense strand of the duplex. In another embodiment, one or more
of the nucleotides in the overhang is replaced with a nucleoside thiophosphate.

The terms “blunt” or “blunt ended” as used herein in reference to a dsSRNA mean
that there are no unpaired nucleotides or nucleotide analogs at a given terminal end of a
dsRNA, i.e., no nucleotide overhang. One or both ends of a dSRNA can be blunt.
Where both ends of a dsRNA are blunt, the dsSRNA is said to be blunt ended. To be
clear, a “blunt ended” dsRNA is a dsSRNA that is blunt at both ends, i.e., no nucleotide
overhang at either end of the molecule. Most often such a molecule will be double
stranded over its entire length.

The term “antisense strand” or "guide strand" refers to the strand of an iRNA,
e.g., adsRNA, which includes a region that is substantially complementary to a target
sequence, e.g., a GCK mRNA. As used herein, the term “region of complementarity”
refers to the region on the antisense strand that is substantially complementary to a
sequence, for example a target sequence, e.g., a GCK nucleotide sequence, as defined
herein. Where the region of complementarity is not fully complementary to the target

sequence, the mismatches can be in the internal or terminal regions of the molecule.
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Generally, the most tolerated mismatches are in the terminal regions, e.g., within 5, 4, 3,
or 2 nucleotides of the 5’- and/or 3’-terminus of the iRNA.

The term “sense strand” or "passenger strand” as used herein, refers to the strand
of an iIRNA that includes a region that is substantially complementary to a region of the
antisense strand as that term is defined herein.

As used herein, the term “cleavage region” refers to a region that is located
immediately 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
immediately adjacent to, the cleavage site. In some embodiments, the cleavage site
specifically occurs at 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 oligonucleotide or polynucleotide comprising the first
nucleotide sequence to hybridize and form a duplex structure under certain conditions
with an oligonucleotide or polynucleotide comprising the second nucleotide sequence, as
will be understood by the skilled person. Such conditions can, for example, be stringent
conditions, where stringent conditions can 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 (see, e.g.,
“Molecular Cloning: A Laboratory Manual, Sambrook, er al. (1989) Cold Spring Harbor
Laboratory Press). Other conditions, such as physiologically relevant conditions as can
be encountered inside an organism, can apply. 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 nucleotides.

Complementary sequences within an iRNA, e.g., within a dsSRNA as described
herein, include base-pairing of the oligonucleotide or polynucleotide comprising a first
nucleotide sequence to an oligonucleotide or polynucleotide comprising a second
nucleotide sequence over the entire length of one or both nucleotide sequences. Such
sequences can be referred to as “fully complementary” with respect to each other herein.
However, where a first sequence is referred to as “substantially complementary” with
respect to a second sequence herein, the two sequences can be fully complementary, or
they can form one or more, but generally not more than 5, 4, 3, or 2 mismatched base
pairs upon hybridization for a duplex up to 30 base pairs, while retaining the ability to
hybridize under the conditions most relevant to their ultimate application, e.g., inhibition
of gene expression via a RISC pathway. However, where two oligonucleotides are

designed to form, upon hybridization, one or more single stranded overhangs, such
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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 oligonucleotide 23 nucleotides in length, wherein the
longer oligonucleotide comprises a sequence of 21 nucleotides that is fully
complementary to the shorter oligonucleotide, can yet be referred to as “fully
complementary” for the purposes described herein.

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

The terms “complementary,” “fully complementary” and “substantially
complementary” herein can be used with respect to the base matching between the sense
strand and the antisense strand of a dsSRNA, or between the antisense strand of an iRNA
agent and a target sequence, as will be understood from the context of their use.

As used herein, a polynucleotide that is “substantially 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 GCK). For example, a polynucleotide is complementary to at least a part of a
GCK mRNA if the sequence is substantially complementary to a non-interrupted portion
of an mRNA encoding GCK.

Accordingly, in some embodiments, the antisense strand polynucleotides
disclosed herein are fully complementary to the target GCK sequence. In other
embodiments, the antisense strand polynucleotides disclosed herein are substantially
complementary to the target GCK sequence and comprise a contiguous nucleotide
sequence which is at least about 80% complementary over its entire length to the
equivalent region of the nucleotide sequence of SEQ ID NO:1, or a fragment of SEQ ID
NO:1, such as about 85%, about 86%, about 87%, about 88%, about 89%, about 90%,
about % 91%, about 92%, about 93%, about 94%, about 95%, about 96%, about 97%,
about 98%, or about 99% complementary.

In other embodiments, the antisense polynucleotides disclosed herein are
substantially complementary to the target GCK sequence and comprise a contiguous
nucleotide sequence which is at least about 80% complementary over its entire length to

any one of the sense strand nucleotide sequences in any one of Tables 2, 3. 6. and 7, or a

fragment of any one of the sense strand nucleotide sequences in any one of Tables 2, 3,

6. and 7, such as at least 85%, 90%, 95% complementary, or 100% complementary.
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In one embodiment, an RNAi agent of the invention includes a sense strand that
is substantially complementary to an antisense polynucleotide which, in turn, is
complementary to a target GCK sequence, and wherein the sense strand polynucleotide
comprises a contiguous nucleotide sequence which is at least about 80% complementary
over its entire length to the equivalent region of the nucleotide sequence of SEQ ID
NO:5, or a fragment of any one of SEQ ID NO:5, such as about 85%, about 86%, about
87%, about 88%, about 89%, about 90%, about % 91%, about 92%, about 93%, about
94%., about 95%, about 96%, about 97%, about 98%, or about 99% complementary.

The term “inhibiting,” as used herein, is used interchangeably with “reducing,”

b3

“silencing,” “downregulating,” “suppressing” and other similar terms, and includes any
level of inhibition.

The phrase “inhibiting expression of a GCK,” as used herein, includes inhibition
of expression of any GCK gene (such as, e.g., a mouse GCK gene, a rat GCK gene, a
monkey GCK gene, or a human GCK gene) as well as variants or mutants of a GCK
gene that encode a GCK protein.

“Inhibiting expression of a GCK gene” includes any level of inhibition of a GCK
gene, e.g., at least partial suppression of the expression of a GCK gene, such as an
inhibition by at least about 20%. In certain embodiments, inhibition is by at least about
25%, at least about 30%, at least about 35%,at least about 40%, at least about 45%, at
least about 50%, at least about 55%, at least about 60%, at least about 65%, at least
about 70%, at least about 75%, at least about 80%, at least about 85%, at least about
90%, at least about 91%, 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%, or at least
about 99%.

The expression of a GCK gene may be assessed based on the level of any
variable associated with GCK gene expression, e.g., GCK mRNA level or GCK protein
level. The expression of a GCK may also be assessed indirectly based on, e.g., blood
glucose levels, serum ketone body levels, and/or serum fatty acid levels. Inhibition may
be assessed by a change in an absolute or relative level of one or more of these variables
compared with a control level. The control level may be any type of control level that is
utilized in 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 control).

In one embodiment, at least partial suppression of the expression of a GCK gene,
is assessed by a reduction of the amount of GCK mRNA which can be isolated from or
detected in a first cell or group of cells in which a GCK gene is transcribed and which
has or have been treated such that the expression of a GCK gene is inhibited, as

compared to a second cell or group of cells substantially identical to the first cell or
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group of cells but which has or have not been so treated (control cells). The degree of

inhibition may be expressed in terms of:

(mRNA in control cells) - (mRNA in treated cells)
(mRNA in control cells)

The phrase “contacting a cell with an RNAi agent,” such as a dsRNA, as used

*100%

herein, includes contacting a cell by any possible means. Contacting a cell with an
RNAI agent includes contacting a cell in vitro with the iRNA or contacting a cell in vivo
with the iRNA. The contacting may be done directly or indirectly. Thus, for example,
the RNAi agent may be put into physical contact with the cell by the individual
performing the method, or alternatively, the RNA1 agent may be put into a situation that
will permit or cause it to subsequently come into contact with the cell.

Contacting a cell in vitro may be done, for example, by incubating the cell with
the RNAi agent. Contacting a cell in vivo may be done, for example, by injecting the
RNAI agent into or near the tissue where the cell is located, or by injecting the RNA1
agent into another area, e.g., the bloodstream or the subcutaneous space, such that the
agent will subsequently reach the tissue where the cell to be contacted is located. For
example, the RNA1 agent may contain and/or be coupled to a ligand, e.g., GalNAc3, that
directs the RNAi agent to a site of interest, e.g., the liver. Combinations of irn vitro and
in vivo methods of contacting are also possible. For example, a cell may also be
contacted in vitro with an RNAI1 agent and subsequently transplanted into a subject.

In one embodiment, contacting a cell with an iRNA includes “introducing” or
“delivering the iRNA into the cell” by facilitating or effecting uptake or absorption into
the cell. Absorption or uptake of an iRNA can occur through unaided diffusive or active
cellular processes, or by auxiliary agents or devices. Introducing an iRNA into a cell
may be in vitro and/or in vivo. For example, for in vivo introduction, iRNA can be
injected into a tissue site or administered systemically. In vivo delivery can also be done
by a beta-glucan delivery system, such as those described in U.S. Patent Nos. 5,032,401
and 5,607,677, and U.S. Publication No. 2005/0281781, the entire contents of which are
hereby incorporated herein by reference. In vitro introduction into a cell includes
methods known in the art such as electroporation and lipofection. Further approaches
are described herein below and/or are known in the art.

The term “lipid nanoparticle” or “LNP” is a vesicle comprising a lipid layer
encapsulating a pharmaceutically active molecule, such as a nucleic acid molecule, e.g.,
an iIRNA or a plasmid from which an iRNA is transcribed. LNPs are described in, for
example, U.S. Patent Nos. 6,858,225, 6,815,432, 8,158,601, and 8,058,069, the entire

contents of which are hereby incorporated herein by reference.
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As used herein, a “subject” is an animal, such as a mammal, including a primate
(such as a human, a non-human primate, e.g., a monkey, and a chimpanzee), a non-
primate (such as a cow, a pig, a camel, a llama, a horse, a goat, a rabbit, a sheep, a
hamster, a guinea pig, a cat, a dog, a rat, a mouse, a horse, and a whale), or a bird (e.g., a
duck or a goose). It is understood that the sequence of the GCK gene must be
sufficiently complementary to the antisense strand of the iRNA agent for the agent to be
used in the indicated species.

In an embodiment, the subject is a human, such as a human being treated or
assessed for a disease, disorder or condition that would benefit from reduction in GCK
expression; a human at risk for a disease, disorder or condition that would benefit from
reduction in GCK expression; a human having a disease, disorder or condition that
would benefit from reduction in GCK expression; and/or human being treated for a
disease, disorder or condition that would benefit from reduction in GCK expression as
described herein.

As used herein, the terms “treating” or “treatment” refer to a beneficial or desired
result including, such as increasing blood glucose levels in a subject. The terms
“treating” or “treatment” also include, but are not limited to, alleviation or amelioration
of one or more symptoms of a glycogen storage disease (GSD), e.g., type Ia GSD, or at
least one sign or symptom associated with GSD, such as hypoglycemia, lactic acidosis,
hyperuricemia, hyperlipidemia, hepatomegaly, kidney disease as a result of glycogen
accumulation, hunger, jitteriness, lethargy, apnea, seizures, diaphoresis, confusion,
headaches, dizziness, unusual mood or behavior changes, loss of consciousness, coma,
muscle cramps, bleeding diathesis, short stauture, osteoporosis, delayed puberty, gout,
renal disease, systemic hypertension, pulmonary hypertension, hepatic adenomas,
pancreatitis, anemia, vitamin D deficiency, polycystic ovaries, irregular menstrual
cycles, menorrhagia, and eruptive xanthomata.

"Treatment" can also mean prolonging survival as compared to expected survival
in the absence of treatment.

By “lower” in the context of a disease marker or symptom is meant a statistically
significant decrease in such level. The decrease can be, for example, at least 10%, at
least 20%, at least 30%, at least 40%, or more, down to a level accepted as within the
range of normal for an individual without such disorder, or to below the level of
detection of the assay. In certain embodiments, the decrease is down to a level accepted
as within the range of normal for an individual without such disorder which can also be
referred to as a normalization of a level. For example, lowering cholesterol to 180 mg/dl
or lower would be considered to be within the range of normal for a subject. A subject
having a cholesterol level of 230 mg/dl with a cholesterol level decreased to 210 mg/dl

would have a cholesterol level that was decreased by 40% towards normal (230-
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210/230-180 = 20/50 = 40% reduction). In certain embodiments, the reduction is the
normalization of the level of a sign or symptom of a disease, a reduction in the
difference between the subject level of a sign of the disease and the normal level of the
sign for the disease (e.g., to the upper level of normal when the value for the subject
must be decreased to reach a normal value, and to the lower level of normal when the
value for the subject must be increased to reach a normal level). In certain
embodiments, the methods include a clinically relevant inhibition of expression of a
GCK gene, e.g. as demonstrated by a clinically relevant outcome after treatment of a
subject with an agent to reduce the expression of a GCK gene.

As used herein, “prevention” or “preventing,” when used in reference to a
disease, disorder or condition thereof, that would benefit from a reduction in expression
of a GCK gene, refers to a reduction in the likelihood that a subject will develop a
symptom associated with such disease, disorder, or condition, e.g.,a glycogen storage
disease (GSD), e.g., type Ia GSD. The likelihood of developing type Ia GSD is reduced,
for example, when an individual having one or more risk factors for type Ia GSD, e.g., a
genetic disorder, either fails to develop type Ia GSD, or signs or symptoms thereof, or
develops type Ia GSD, or signs or symptoms thereof, with less severity relative to a
population having the same risk factors and not receiving treatment as described herein.
The failure to develop a disease, disorder or condition, or the reduction in the
development of a symptom associated with such a disease, disorder or condition (e.g., by
at least about 10% on a clinically accepted scale for that disease or disorder), or the
exhibition of delayed symptoms delayed (e.g., by days, weeks, months, or years) is
considered effective prevention. Prevention can require administration of more than one
dose of an agent described herein.

As used herein, the term “blood glucose level” refers to the level of glucose
present in blood as determined by any routine method known in the art. It is understood
that the glucose level in a subject sample is dependent on, for example, whether the
subject has had a meal, whether the subject has fasted, the time of day and the level of
activity of the subject. Therefore, the glucose level must be compared to an appropriate
control to determine if the glucose level is, in fact, altered from a normal level or from a
level obtained from the subject at an earlier time point, e.g., prior to treatment. In
general, blood glucose levels, e.g., fasting blood glucose levels, in a subject that does not
have a disease or disorder that would benefit from reduction in the levels of GCK as
described herein is about 70 to about 120 mg/dL.

As used herein, the term “plasma lactate level” refers to the level of lactate
present in blood as determined by any routine method known in the art. It is understood
that the lactate level in a subject sample is dependent on, for example, whether the

subject has fasted, the time of day and the level of activity of the subject. Therefore, the
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lactate level must be compared to an appropriate control to determine if the lactate level
is, in fact, altered from a normal level or from a level obtained from the subject at an
earlier time point, e.g., prior to treatment. In general, plasma lactate levels in a subject
that does not have a disease or disorder that would benefit from reduction in the levels of
GCK as described herein is about 0.5 to about 2.2 mmol/L.

As used herein, the term “plasma uric acid level” refers to the level of uric acid
present in blood as determined by any routine method known in the art. It is understood
that the lactate level in a subject sample is dependent on, for example, whether the
subject has fasted, the time of day and the level of activity of the subject. Therefore, the
uric acid level must be compared to an appropriate control to determine if the uric acid
level is, in fact, altered from a normal level or from a level obtained from the subject at
an earlier time point, e.g., prior to treatment. In general, plasma uric acid levels in a
subject that does not have a disease or disorder that would benefit from reduction in the
levels of GCK as described herein is about 2.0 to about 5.0 mg/dL.

As used herein, the term “plasma triglyceride level” refers to the level of
triglycerides present in blood as determined by any routine method known in the art. It
is understood that the triglyceride level in a subject sample is dependent on, for example,
whether the subject has fasted, the time of day and the level of activity of the subject.
Therefore, the triglyceride level must be compared to an appropriate control to
determine if the triglyceride level is, in fact, altered from a normal level or from a level
obtained from the subject at an earlier time point, e.g., prior to treatment. In general,
plasma triglyceride levels in a subject that does not have a disease or disorder that would
benefit from reduction in the levels of GCK as described herein is about 150 to about
200 mg/dL.

As used herein, the term “total cholesterol level” refers to the level of high
density lipoprotein (HDL) plus low density lipoprotein (LDL) plus 20% of the
triglyceride level as determined by any routine method known in the art. It is understood
that the total cholesterol level in a subject sample is dependent on, for example, whether
the subject has fasted, the time of day and the level of activity of the subject. Therefore,
the total cholesterol level must be compared to an appropriate control to determine if the
total cholesterol Ievel is, in fact, altered from a normal level or from a level obtained
from the subject at an earlier time point, e.g., prior to treatment. In general, plasma
cholesterol levels in a subject that does not have a disease or disorder that would benefit
from reduction in the levels of GCK as described herein is about 100 to about 200
mg/dL.

As used herein, the term “hepatomegaly” refers to swelling of the liver beyond
its normal size as determined by any routine method known in the art. It is understood

that the size and weight of the liver in a subject that does not have a disease or disorder
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that would benefit from reduction in the levels of GCK as described herein increases
with age and body weight. Sex and body shape also influence the size of the liver, e.g.,
by percussion, the mean liver size is about 7.5 centimeters in adult women and about
10.5 centimeters in adult men; it may be about 3 centimeters larger or smaller and still
be normal.

As used herein, a “disease or disorder that would benefit from reduction in GCK
expression” is a disease or disorder associated with or caused by a clinically relevant
hypoglycemia. For example, this term includes any disorder, disease or condition
resulting in one or more signs or symptoms of a glycogen storage disease (GSD), e.g.,
type Ia GSD, including, but not limited to, hypoglycemia, lactic acidosis, hyperuricemia,
hyperlipidemia, hepatomegaly, kidney disease as a result of glycogen accumulation,
hunger, jitteriness, lethargy, apnea, seizures, diaphoresis, confusion, headaches,
dizziness, unusual mood or behavior changes, loss of consciousness, coma, muscle
cramps, bleeding diathesis, short stauture, osteoporosis, delayed puberty, gout, renal
disease, systemic hypertension, pulmonary hypertension, hepatic adenomas, pancreatitis,
anemia, vitamin D deficiency, polycystic ovaries, irregular menstrual cycles,
menorrhagia, and eruptive xanthomata.. In certain embodiments, a “disease or disorder
that would benefit from reduction in GCK expression” meets the diagnostic
requirements of a type Ia GSD.

“Glycogen storage disease” or “GSD” is an inherited genetic disorder due to an
absence or deficiency of one of the enzymes responsible for making or breaking down
glycogen in the body. This enzyme deficiency causes either abnormal tissue
concentrations of glycogen or incorrectly or abnormally formed glycogen. There are
about 11 known types of GSD, which are classified based on the missing or defective
enzymes. For example, Type Ia GSD, the most common form of GSD, is caused by a
genetic defect in the enzyme glucose-6-phosphatase. Hepatomegaly due to
inappropriate glycogen accumulation and various metabolic disarrangements from
inappropriate glucose-6-phosphate metabolism are predominant features of many of the
various glycogen storage diseases, such as Types Ia, Ib, III, IV, VI and IX. Symptoms
of GSD vary based on the enzyme that is missing and usually result from the buildup of
glycogen or from the inability to produce glucose when needed. Glycogen storage
disease is usually diagnosed in infancy or childhood, e.g., at about age 3-4. Affected
children typically present with hepatomegaly, lactic acidosis, hyperuricemia,
hyperlipidemia, hypertriglyceridemia and/or hypoglycemic seizures. Further, affected
children often have doll-like faces with fat cheeks, relatively thin extremities, short
stature, and protuberant abdomen. Xanthoma and diarrhea may be present. Impaired
platelet function can lead to a bleeding tendency with frequent epistaxis. The diagnostic

criteria for GSD, e.g., type Ia GSD, include, for example, fasting blood glucose
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concentration lower than 60 mg/dL; plasma lactate higher than 2.5 mmol/L; plasma uric
acid higher than 5.0 mg/dL; triglycerides higher than 250 mg/dL; total plasma
cholesterol higher than 200 mg/dL; administration of glucagon or epinephrine (i.e., a
glucagon or epinephrine challenge test) causes little or no increase in blood glucose
concentration, but both increase serum lactate concentrations significantly;
histopathologic liver findings which include distention of the liver cells by glycogen and
fat; PAS positive and diastase sensitive glycogen that is uniformly distributed within the
cytoplasm; normal or only modestly increased glycogen; and large and numerous lipid
vacuoles; biallelic mutations in either G6PC (GSDIa) or SLC37A4 (GSDIb) (Veiga-da-
Cunha et al (1998) Am J Hum Genet. 63:976-83; Chou et al (2002) Hum Mutat. 29:921—
30; Matern et al (2002) Eur J Pediatr. 161 Suppl 1:510-9; Rake ef al (2002) Eur J
Pediatr. 161 Suppl 1:520-34; and Ekstein et al (2004) Am J Med Genet. 129A:162-4);
deficient, e.g., (lower than 10% of normal) glucose-6-phosphatase (G6Pase) catalytic
activity (the normal G6Pase enzyme activity level in liver is 3.50+0.8 umol/min/g tissue,
although in rare individuals with milder clinical manifestations, the G6Pase enzyme
activity can be higher, e.g., >1.0 umol/min/g tissue and < 2.0 umol/min/g tissue.

"Therapeutically effective amount,” as used herein, is intended to include the
amount of an RNAi agent that, when administered to a subject having a glycogen
storage disease (GSD), e.g., type Ia GSD, is sufficient to effect treatment of the disease
(e.g., by diminishing, ameliorating or maintaining the existing disease or one or more
symptoms of disease). The "therapeutically effective amount” may vary depending on
the RNAi agent, how the agent is administered, the disease and its severity and the
history, age, weight, family history, genetic makeup, the types of preceding or
concomitant treatments, if any, and other individual characteristics of the subject to be
treated.

“Prophylactically effective amount,” as used herein, is intended to include the
amount of an iRNA that, when administered to a subject having a glycogen storage
disease (GSD), e.g., type Ia GSD, is sufficient to prevent or ameliorate the disease or
one or more symptoms of the disease. Ameliorating the disease includes slowing the
course of the disease or reducing the severity of later-developing disease. The
"prophylactically effective amount" may vary depending on the iRNA, 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 "therapeutically-effective amount" or “prophylacticaly effective amount” also
includes an amount of an RNA1 agent that produces some desired local or systemic

effect at a reasonable benefit/risk ratio applicable to any treatment. iRNA employed in
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the methods of the present invention may be administered in a sufficient amount to
produce a reasonable benefit/risk ratio applicable to such treatment.

The phrase "pharmaceutically acceptable” is employed herein to refer to those
compounds, materials, compositions, and/or dosage forms which are, within the scope of
sound medical judgment, suitable for use in contact with the tissues of human subjects
and animal subjects without excessive toxicity, irritation, allergic response, or other
problem or complication, commensurate with a reasonable benefit/risk ratio.

The phrase "pharmaceutically-acceptable carrier” as used herein means a
pharmaceutically-acceptable material, composition or vehicle, such as a liquid or solid
filler, diluent, excipient, manufacturing aid (e.g., lubricant, talc magnesium, calcium or
zinc stearate, or steric acid), or solvent encapsulating material, involved in carrying or
transporting the subject compound from one organ, or portion of the body, to another
organ, or portion of the body. Each carrier must be "acceptable” in the sense of being
compatible with the other ingredients of the formulation and not injurious to the subject
being treated. Some examples of materials which can serve as pharmaceutically-
acceptable carriers include: (1) sugars, such as lactose, glucose and sucrose; (2)
starches, such as corn starch and potato starch; (3) cellulose, and its derivatives, such as
sodium carboxymethyl cellulose, ethyl cellulose and cellulose acetate; (4) powdered
tragacanth; (5) malt; (6) gelatin; (7) lubricating agents, such as magnesium state, sodium
lauryl sulfate and talc; (8) excipients, such as cocoa butter and suppository waxes; (9)
oils, such as peanut oil, cottonseed oil, safflower oil, sesame oil, olive oil, corn oil and
soybean oil; (10) glycols, such as propylene glycol; (11) polyols, such as glycerin,
sorbitol, mannitol and polyethylene glycol; (12) esters, such as ethyl oleate and ethyl
laurate; (13) agar; (14) buffering agents, such as magnesium hydroxide and aluminum
hydroxide; (15) alginic acid; (16) pyrogen-free water; (17) isotonic saline; (18) Ringer's
solution; (19) ethyl alcohol; (20) pH buffered solutions; (21) polyesters, polycarbonates
and/or polyanhydrides; (22) bulking agents, such as polypeptides and amino acids (23)
serum component, such as serum albumin, HDL and LDL; and (22) other non-toxic
compatible substances employed in pharmaceutical formulations.

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 fluids, plasma,
cerebrospinal 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 embodiments, samples may be derived from the liver (e.g., whole liver or certain

segments of liver or certain types of cells in the liver, such as, e.g., hepatocytes). In
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some embodiments, a “sample derived from a subject” refers to blood drawn from the

subject or plasma isolated therefrom, saliva, or urine, typically a 24 hour urine sample.

II. iRNAs of the Invention

Described herein are iRNAs which inhibit the expression of a GCK gene. In one
embodiment, the iRNA agent includes double stranded ribonucleic acid (dsRNA)
molecules for inhibiting the expression of a GCK gene in a cell, such as a cell within a
subject, e.g., a mammal, such as a human having a glycogen storage disease (GSD), e.g.,
type Ia GSD. The dsRNA includes an antisense strand having a region of
complementarity which is complementary to at least a part of an mRNA formed in the
expression of a GCK gene. The region of complementarity is about 30 nucleotides or
less in length (e.g., about 30, 29, 28, 27, 26, 25, 24, 23, 22, 21, 20, 19, or 18 nucleotides
or less in length). Upon contact with a cell expressing the GCK gene, the iRNA inhibits
the expression of the GCK gene (e.g., a human, a primate, a non-primate, or a bird GCK
gene) by at least about 10% as assayed by, for example, a PCR or branched DNA
(bDNA)-based method, or by a protein-based method, such as by immunofluorescence
analysis, using, for example, western blotting, or flowcytometric techniques. In
preferred embodiments, inhibiton of expression is deteremined by the qPCR method
provided in the examples. For in vitro assessment of activity, percent inhibition is
determined using the methods provided herein at a single dose at, for example, a 10 nM
duplex final concentration. For in vivo studies, the level after treatment can be
compared to, for example, an appropriate historical control or a pooled population
sample control to determine the level of reduction, e.g., when a baseline value is no
available for the subject.

A dsRNA includes two RNA strands that are complementary and hybridize to
form a duplex structure under conditions in which the dsSRNA will be used. One strand
of a dsRNA (the antisense strand) includes a region of complementarity that is
substantially complementary, and generally fully complementary, to a target sequence.
The target sequence can be derived from the sequence of an mRNA formed during the
expression of a GCK gene. The other strand (the sense strand) includes a region that is
complementary to the antisense strand, such that the two strands hybridize and form a
duplex structure when combined under suitable conditions. As described elsewhere
herein and as known in the art, the complementary sequences of a dSRNA can also be
contained as self-complementary regions of a single nucleic acid molecule, as opposed
to being on separate oligonucleotides.

Generally, the duplex structure is between 15 and 30 base pairs in length, e.g.,
between, 15-29, 15-28, 15-27, 15-26, 15-25, 15-24, 15-23, 15-22, 15-21, 15-20, 15-19,
15-18, 15-17, 18-30, 18-29, 18-28, 18-27, 18-26, 18-25, 18-24, 18-23, 18-22, 18-21, 18-
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20, 19-30, 19-29, 19-28, 19-27, 19-26, 19-25, 19-24, 19-23, 19-22, 19-21, 19-20, 20-30,
20-29, 20-28, 20-27, 20-26, 20-25, 20-24,20-23, 20-22, 20-21, 21-30, 21-29, 21-28, 21-
27, 21-26, 21-25, 21-24, 21-23, or 21-22 base pairs in length. Ranges and lengths
intermediate to the above recited ranges and lengths are also contemplated to be part of
the invention.

Similarly, the region of complementarity to the target sequence is between 15
and 30 nucleotides in length, e.g., between 15-29, 15-28, 15-27, 15-26, 15-25, 15-24, 15-
23, 15-22, 15-21, 15-20, 15-19, 15-18, 15-17, 18-30, 18-29, 18-28, 18-27, 18-26, 18-25,
18-24, 18-23, 18-22, 18-21, 18-20, 19-30, 19-29, 19-28, 19-27, 19-26, 19-25, 19-24, 19-
23, 19-22, 19-21, 19-20, 20-30, 20-29, 20-28, 20-27, 20-26, 20-25, 20-24,20-23, 20-22,
20-21, 21-30, 21-29, 21-28, 21-27, 21-26, 21-25, 21-24, 21-23, or 21-22 nucleotides in
length. Ranges and lengths intermediate to the above recited ranges and lengths are also
contemplated to be part of the invention.

In some embodiments, the dsSRNA is between about 15 and about 23 nucleotides
in length, or between about 25 and about 30 nucleotides in length. In general, the
dsRNA is long enough to serve as a substrate for the Dicer enzyme. For example, it is
well known in the art that dSRNAs longer than about 21-23 nucleotides can serve as
substrates for Dicer. As the ordinarily skilled person will also recognize, the region of
an RNA targeted for cleavage will most often be part of a larger RNA molecule, often an
mRNA molecule. Where relevant, a “part” of an mRNA target is a contiguous sequence
of an mRNA target of sufficient length to allow it to be a substrate for RN Ai-directed
cleavage (i.e., cleavage through a RISC pathway).

One of skill in the art will also recognize that the duplex region is a primary
functional portion of a dsRNA, e.g., a duplex region of about 9 to 36 base pairs, e.g.,
about 10-36, 11-36, 12-36, 13-36, 14-36, 15-36, 9-35, 10-35, 11-35, 12-35, 13-35, 14-
35, 15-35,9-34, 10-34, 11-34, 12-34, 13-34, 14-34, 15-34, 9-33, 10-33, 11-33, 12-33,
13-33, 14-33, 15-33, 9-32, 10-32, 11-32, 12-32, 13-32, 14-32, 15-32, 9-31, 10-31, 11-31,
12-31, 13-32, 14-31, 15-31, 15-30, 15-29, 15-28, 15-27, 15-26, 15-25, 15-24, 15-23, 15-
22,15-21, 15-20, 15-19, 15-18, 15-17, 18-30, 18-29, 18-28, 18-27, 18-26, 18-25, 18-24,
18-23, 18-22, 18-21, 18-20, 19-30, 19-29, 19-28, 19-27, 19-26, 19-25, 19-24, 19-23, 19-
22, 19-21, 19-20, 20-30, 20-29, 20-28, 20-27, 20-26, 20-25, 20-24,20-23, 20-22, 20-21,
21-30, 21-29, 21-28, 21-27, 21-26, 21-25, 21-24, 21-23, or 21-22 base pairs. Thus, in
one embodiment, to the extent that it becomes processed to a functional duplex, of e.g.,
15-30 base pairs, that targets a desired RNA for cleavage, an RNA molecule or complex
of RNA molecules having a duplex region greater than 30 base pairs is a dSRNA. Thus,
an ordinarily skilled artisan will recognize that in one embodiment, a miRNA is a
dsRNA. In another embodiment, a dSRNA is not a naturally occurring miRNA. In
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another embodiment, an iRNA agent useful to target GCK expression is not generated in
the target cell by cleavage of a larger dsRNA.

A dsRNA as described herein can further include one or more single-stranded
nucleotide overhangs e.g., 1, 2, 3, or 4 nucleotides. dsRNAs having at least one
nucleotide overhang can have unexpectedly superior inhibitory properties relative to
their blunt-ended counterparts. A nucleotide overhang can comprise or consist of a
nucleotide/nucleoside analog, including a deoxynucleotide/nucleoside. The overhang(s)
can be on the sense strand, the antisense strand or any combination thereof. Furthermore,
the nucleotide(s) of an overhang can be present on the 5'-end, 3'-end, or both ends of
either an antisense or sense strand of a dSRNA. In certain embodiments, longer,
extended overhangs are possible.

A dsRNA can be synthesized by standard methods known in the art as further
discussed below, e.g., by use of an automated DNA synthesizer, such as are
commercially available from, for example, Biosearch™, Applied Biosystems™™, Inc.

iRNA compounds of the invention may be prepared using a two-step procedure.
First, the individual strands of the double stranded RNA molecule are prepared
separately. Then, the component strands are annealed. The individual strands of the
siRNA compound can be prepared using solution-phase or solid-phase organic synthesis
or both. Organic synthesis offers the advantage that the oligonucleotide strands
comprising unnatural or modified nucleotides can be easily prepared. Single-stranded
oligonucleotides of the invention can be prepared using solution-phase or solid-phase
organic synthesis or both.

In certain aspects, a dsSRNA of the invention includes at least two nucleotide
sequences, a sense sequence and an anti-sense sequence. The sense strand sequence is
selected from the group of sequences provided in any of Tables 2, 3, 6, and 7 and the
corresponding nucleotide sequence of the antisense strand of the sense strand is selected
from the group of sequences provided in any of Tables 2, 3, 6, and 7. In this aspect, one
of the two sequences is complementary to the other of the two sequences, with one of
the sequences being substantially complementary to a sequence of an mRNA generated
in the expression of a GCK gene. As such, in this aspect, a dSRNA will include two
oligonucleotides, where one oligonucleotide is described as the sense strand in any of
Tables 2, 3, 6, and 7, and the second oligonucleotide is described as the corresponding
antisense strand of the sense strand in any of Tables 2, 3, 6, and 7. In one embodiment,
the substantially complementary sequences of the dSRNA are contained on separate
oligonucleotides. In another embodiment, the substantially complementary sequences of

the dsRNA are contained on a single oligonucleotide.
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It will be understood that, although the sequences in Tables 3 and 7 are described
as modified and/or conjugated sequences, the RNA of the iRNA of the invention e.g., a
dsRNA of the invention, may comprise any one of the sequences set forth in any one of
Tables 3 and 7 that is un-modified, un-conjugated, and/or modified and/or conjugated
differently than described therein.

In another aspect, a double stranded ribonucleic acid (dsRNA) of the invention
for inhibiting expression of GCK comprises, consists essentially of, or consists of a
sense strand and an antisense strand, wherein the sense strand comprises the nucleotide
sequence of a sense strand in any of Tables 2, 3, 6, and 7 and the antisense strand
comprises the nucleotide sequence of the corresponding antisense strand in any of
Tables 2, 3, 6, and 7.

The skilled person is well aware that dSRNAs having a duplex structure of
between about 20 and 23 base pairs, e.g., 21, base pairs have been hailed as particularly
effective in inducing RNA interference (Elbashir et al., (2001) EMBO J., 20:6877-
6888). However, others have found that shorter or longer RNA duplex structures can
also be effective (Chu and Rana (2007) RNA 14:1714-1719; Kim et al. (2005) Nat
Biotech 23:222-226). In the embodiments described above, by virtue of the nature of the
oligonucleotide sequences provided herein, dSRNAs described herein can include at
least one strand of a length of minimally 21 nucleotides. It can be reasonably expected
that shorter duplexes minus only a few nucleotides on one or both ends can be similarly
effective as compared to the dsRNAs described above. Hence, dsSRNAs having a
sequence of at least 15, 16, 17, 18, 19, 20, or more contiguous nucleotides derived from
one of the sequences provided herein, and differing in their ability to inhibit the
expression of a GCK gene by not more than about 5, 10, 15, 20, 25, or 30 % inhibition
from a dsRNA comprising the full sequence, are contemplated to be within the scope of
the present invention.

In addition, the RNAs described herein identify a site(s) in a GCK transcript that
is susceptible to RISC-mediated cleavage. As such, the present invention further
features iRNAs that target within this site(s). As used herein, an iRNA is said to target
within a particular site of an RNA transcript if the iRNA promotes cleavage of the
transcript anywhere within that particular site. Such an iRNA will generally include at
least about 15 contiguous nucleotides from one of the sequences provided herein
coupled to additional nucleotide sequences taken from the region contiguous to the
selected sequence in a GCK gene.

While a target sequence is generally about 15-30 nucleotides in length, there is
wide variation in the suitability of particular sequences in this range for directing
cleavage of any given target RNA. Various software packages and the guidelines set out

herein provide guidance for the identification of optimal target sequences for any given
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gene target, but an empirical approach can also be taken in which a “window” or “mask”
of a given size (as a non-limiting example, 21 nucleotides) is literally or figuratively
(including, e.g., in silico) placed on the target RNA sequence to identify sequences in
the size range that can serve as target sequences. By moving the sequence “window”
progressively one nucleotide upstream or downstream of an initial target sequence
location, the next potential target sequence can be identified, until the complete set of
possible sequences is identified for any given target size selected. This process, coupled
with systematic synthesis and testing of the identified sequences (using assays as
described herein or as known in the art) to identify those sequences that perform
optimally can identify those RNA sequences that, when targeted with an iRNA agent,
mediate the best inhibition of target gene expression. Thus, while the sequences
identified herein represent effective target sequences, it is contemplated that further
optimization of inhibition efficiency can be achieved by progressively “walking the
window” one nucleotide upstream or downstream of the given sequences to identify
sequences with equal or better inhibition characteristics.

Further, it is contemplated that for any sequence identified herein, further
optimization could be achieved by systematically either adding or removing nucleotides
to generate longer or shorter sequences and testing those sequences generated by
walking a window of the longer or shorter size up or down the target RNA from that
point. Again, coupling this approach to generating new candidate targets with testing for
effectiveness of iRNAs based on those target sequences in an inhibition assay as known
in the art and/or as described herein can lead to further improvements in the efficiency of
inhibition. Further still, such optimized sequences can be adjusted by, e.g., the
introduction of modified nucleotides as described herein or as known in the art, addition
or changes in overhang, or other modifications as known in the art and/or discussed
herein to further optimize the molecule (e.g., increasing serum stability or circulating
half-life, increasing thermal stability, enhancing transmembrane delivery, targeting to a
particular location or cell type, increasing interaction with silencing pathway enzymes,
increasing release from endosomes) as an expression inhibitor.

An iRNA agent as described herein can contain one or more mismatches to the
target sequence. In one embodiment, an iRNA as described herein contains no more than
3 mismatches. If the antisense strand of the iRNA contains mismatches to a target
sequence, it is preferable that the area of mismatch is not located in the center of the
region of complementarity. If the antisense strand of the iRNA contains mismatches to
the target sequence, it is preferable that the mismatch be restricted to be within the last 5
nucleotides from either the 5’- or 3’-end of the region of complementarity. For example,
for a 23 nucleotide iRNA agent the strand which is complementary to a region of a GCK

gene, generally does not contain any mismatch within the central 13 nucleotides. The
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methods described herein or methods known in the art can be used to determine whether
an iIRNA containing a mismatch to a target sequence is effective in inhibiting the
expression of a GCK gene. Consideration of the efficacy of iRNAs with mismatches in
inhibiting expression of a GCK gene is important, especially if the particular region of
complementarity in a GCK gene is known to have polymorphic sequence variation

within the population.

III. Modified iRNAs of the Invention

In one embodiment, the RNA of the iRNA of the invention e.g., a dSRNA, is un-
modified, and does not comprise, e.g., chemical modifications and/or conjugations
known in the art and described herein. In another embodiment, the RNA of an iRNA of
the invention, e.g., a dsSRNA, is chemically modified to enhance stability or other
beneficial characteristics. In certain embodiments of the invention, substantially all of
the nucleotides of an iRNA of the invention are modified. In other embodiments of the
invention, all of the nucleotides of an iRNA of the invention are modified. iRNAs of the
invention in which “substantially all of the nucleotides are modified” are largely but not
wholly modified and can include not more than 5, 4, 3, 2, or 1 unmodified nucleotides.

The nucleic acids featured in the invention can be synthesized and/or modified
by methods well established in the art, such as those described in “Current protocols in
nucleic acid chemistry,” Beaucage, S.L. et al. (Edrs.), John Wiley & Sons, Inc., New
York, NY, USA, which is hereby incorporated herein by reference. Modifications
include, for example, end modifications, e.g., 5’-end modifications (phosphorylation,
conjugation, inverted linkages) or 3’-end modifications (conjugation, DNA nucleotides,
inverted linkages, efc.); base modifications, e.g., replacement with stabilizing bases,
destabilizing bases, or bases that base pair with an expanded repertoire of partners,
removal 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, including modification or replacement of the phosphodiester linkages.
Specific examples of iIRNA compounds useful in the embodiments described herein
include, but are not limited 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 internucleoside backbone can also be considered to be
oligonucleosides. In some embodiments, a modified iRNA will have a phosphorus atom

in its internucleoside backbone.
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Modified RNA backbones include, for example, phosphorothioates, chiral
phosphorothioates, phosphorodithioates, phosphotriesters, aminoalkylphosphotriesters,
methyl and other alkyl phosphonates including 3'-alkylene phosphonates and chiral
phosphonates, phosphinates, phosphoramidates including 3'-amino phosphoramidate and
aminoalkylphosphoramidates, thionophosphoramidates, thionoalkylphosphonates,
thionoalkylphosphotriesters, and boranophosphates having normal 3'-5' linkages, 2'-5'-
linked analogs of these, and those having inverted polarity wherein the adjacent pairs of
nucleoside units are linked 3'-5'to 5'-3' or 2'-5' to 5'-2'. Various salts, mixed salts and
free acid forms are also included.

Representative U.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; 5,188,897; 5,264,423; 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; 5,536,821; 5,541,316; 5,550,111; 5,563,253;
5,571,799; 5,587,361, 5,625,050; 6,028,188; 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; 6,858,715; 6,867,294; 6,878,805; 7,015,315;
7,041,816; 7,273,933; 7,321,029; and US Pat RE39464, the entire contents of each of
which are hereby incorporated herein by reference.

Modified RNA backbones that do not include a phosphorus atom therein have
backbones that are formed by short chain alkyl or cycloalkyl internucleoside linkages,
mixed heteroatoms and alkyl or cycloalkyl internucleoside linkages, or one or more
short chain heteroatomic or heterocyclic internucleoside linkages. These include those
having morpholino linkages (formed in part from the sugar portion of a nucleoside);
siloxane backbones; sulfide, sulfoxide and sulfone backbones; formacetyl and
thioformacetyl backbones; methylene formacetyl and thioformacetyl backbones; alkene
containing backbones; sulfamate backbones; methyleneimino and methylenehydrazino
backbones; sulfonate and sulfonamide backbones; amide backbones; and others having
mixed N, O, S, and CH, component parts.

Representative U.S. patents that teach the preparation of the above
oligonucleosides include, but are not limited to, U.S. Patent Nos. 5,034,506; 5,166,315;
5,185,444; 5,214,134, 5,216,141; 5,235,033; 5,64,562; 5,264,564; 5,405,938; 5,434,257;
5,466,677, 5,470,967, 5,489,677; 5,541,307; 5,561,225; 5,596,086; 5,602,240;
5,608,046; 5,610,289; 5,618,704; 5,623,070; 5,663,312; 5,633,360; 5,677,437; and,
5,677,439, the entire contents of each of which are hereby incorporated herein by

reference.
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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 are 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 containing backbone, in particular an
aminoethylglycine backbone. The nucleobases are retained and are bound directly or
indirectly to aza nitrogen atoms of the amide portion of the backbone. Representative
U.S. patents that teach the preparation of PNA compounds include, but are not limited
to, U.S. Patent Nos. 5,539,082; 5,714,331; and 5,719,262, the entire contents of each of
which are hereby incorporated herein by reference. Additional PNA compounds
suitable for use in the iRNAs of the invention are described in, for example, in Nielsen
et al., Science, 1991, 254, 1497-1500.

Some embodiments featured in the invention include RNAs with
phosphorothioate backbones and oligonucleosides with heteroatom backbones, and in
particular --CH»--NH--CH»-, --CH;--N(CH3)--O--CHa--[known as a methylene
(methylimino) or MMI backbone], --CH;--O--N(CHj3)--CHas--, --CH2--N(CHj3)--N(CH3)-
-CH:s-- and --N(CH3)--CH,--CH»--[wherein the native phosphodiester backbone is
represented as --O--P--O--CHj--] of the above-referenced U.S. Patent No. 5,489,677,
and the amide backbones of the above-referenced U.S. Patent No. 5,602,240. In some
embodiments, the RNAs featured herein have morpholino backbone structures of the
above-referenced U.S. Patent No. 5,034,506.

Modified RNAs can also contain one or more substituted sugar moieties. The
iRNAs, e.g., dsSRNAs, featured herein can include one of the following at the 2'-position:
OH; F; O-, S-, or N-alkyl; O-, S-, or N-alkenyl; O-, S- or N-alkynyl; or O-alkyl-O-alkyl,
wherein the alkyl, alkenyl and alkynyl can be substituted or unsubstituted C; to Cyg alkyl
or C; to Cyp alkenyl and alkynyl. Exemplary suitable modifications include O[(CH>),0]
mCH3, O(CH>).,OCH3, O(CH»),NH,, O(CH>) ,CH3, O(CH,),ONH>, and
O(CH»),ON[(CH,),,CH3)]>, where n and m are from 1 to about 10. In other
embodiments, dSRNAs include one of the following at the 2' position: C; to Cjo lower
alkyl, substituted lower alkyl, alkaryl, aralkyl, O-alkaryl or O-aralkyl, SH, SCH3, OCN,
Cl, Br, CN, CF;, OCF3, SOCH3, SO.CH3, ONO3, NO,, N3, NH», heterocycloalkyl,
heterocycloalkaryl, aminoalkylamino, polyalkylamino, substituted silyl, an RNA
cleaving group, a reporter group, an intercalator, a group for improving the
pharmacokinetic properties of an iRNA, or a group for improving the pharmacodynamic
properties of an iRNA, and other substituents having similar properties. In some
embodiments, the modification includes a 2'-methoxyethoxy (2'-O--CH,CH,OCH3;, also
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known as 2'-O-(2-methoxyethyl) or 2'-MOE) (Martin et al., Helv. Chim. Acta, 1995,
78:486-504) i.e., an alkoxy-alkoxy group. Another exemplary modification is 2'-
dimethylaminooxyethoxy, i.e., a O(CH2);ON(CH3), group, also known as 2'-DMAOE,
as described in examples herein below, and 2'-dimethylaminoethoxyethoxy (also known
in the art as 2'-O-dimethylaminoethoxyethyl or 2'-DMAEOE), i.e., 2'-O--CH;--O--CH;--
N(CH>),. Further exemplary modifications include : 5°-Me-2’-F nucleotides, 5’-Me-2’-
OMe nucleotides, 5’-Me-2’-deoxynucleotides, (both R and S isomers in these three
families); 2’-alkoxyalkyl; and 2’-NMA (N-methylacetamide).

Other modifications include 2'-methoxy (2'-OCHj3), 2'-aminopropoxy (2'-
OCH,;CH,CH,NH>) and 2'-fluoro (2'-F). Similar modifications can also be made at other
positions on the RNA of an iRNA, particularly the 3' position of the sugar on the 3'
terminal nucleotide or in 2'-5' linked dsRNAs and the 5' position of 5' terminal
nucleotide. iRNAs can also have sugar mimetics such as cyclobutyl moieties in place of
the pentofuranosyl sugar. Representative U.S. patents that teach the preparation of such
modified sugar structures include, 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; 5,597,909; 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
commonly owned with the instant application. The entire contents of each of the
foregoing are hereby incorporated herein by reference.

An iRNA can also include nucleobase (often referred to in the art simply as
“base”) modifications or substitutions. As used herein, “unmodified” or “natural”
nucleobases include the purine bases adenine (A) and guanine (G), and the pyrimidine
bases thymine (T), cytosine (C) and uracil (U). Modified nucleobases include other
synthetic and natural nucleobases such as 5-methylcytosine (5-me-C), 5-hydroxymethyl
cytosine, xanthine, hypoxanthine, 2-aminoadenine, 6-methyl and other alkyl derivatives
of adenine and guanine, 2-propyl and other alkyl derivatives of adenine and guanine, 2-
thiouracil, 2-thiothymine and 2-thiocytosine, 5-halouracil and cytosine, 5-propynyl
uracil and cytosine, 6-azo uracil, cytosine and thymine, 5-uracil (pseudouracil), 4-
thiouracil, 8-halo, 8-amino, 8-thiol, 8-thioalkyl, 8-hydroxyl anal other §-substituted
adenines and guanines, 5-halo, particularly 5-bromo, 5-trifluoromethyl and other 5-
substituted uracils and cytosines, 7-methylguanine and 7-methyladenine, 8-azaguanine
and 8-azaadenine, 7-deazaguanine and 7-daazaadenine and 3-deazaguanine and 3-
deazaadenine. Further nucleobases include those disclosed in U.S. Pat. No. 3,687,808,
those disclosed in Modified Nucleosides in Biochemistry, Biotechnology 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, 1990, these disclosed by Englisch ez al., (1991) Angewandte Chemie,
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International Edition, 30:613, and those disclosed by Sanghvi, Y S., Chapter 15, dsRNA
Research and Applications, pages 289-302, Crooke, S. T. and Lebleu, B., Ed., CRC
Press, 1993. Certain of these nucleobases are particularly useful for increasing the
binding affinity of the oligomeric compounds featured in the invention. These include
S-substituted pyrimidines, 6-azapyrimidines and N-2, N-6 and 0-6 substituted purines,
including 2-aminopropyladenine, 5-propynyluracil and 5-propynylcytosine. 5-
methylcytosine substitutions have been shown to increase nucleic acid duplex stability
by 0.6-1.2 °C (Sanghvi, Y. S., Crooke, S. T. and Lebleu, B., Eds., dSRNA Research and
Applications, CRC Press, Boca Raton, 1993, pp. 276-278) and are exemplary base
substitutions, even more particularly when combined with 2'-O-methoxyethyl sugar
modifications.

Representative U.S. patents that teach the preparation of certain of the above
noted modified nucleobases as well as other modified nucleobases include, but are not
limited to, the above noted U.S. 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;
5,750,692; 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; 7,427,672; and 7,495,088, the entire
contents of each of which are hereby incorporated herein by reference.

The RNA of an iRNA can also be modified to include one or more locked
nucleic acids (LNA). A locked nucleic acid is a nucleotide having a modified 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 siRNA stability in serum, and to reduce off-target effects (Elmen, J. et al.,
(2005) Nucleic Acids Research 33(1):439-447; Mook, OR. et al., (2007) Mol Canc Ther
6(3):833-843; Grunweller, A. et al., (2003) Nucleic Acids Research 31(12):3185-3193).

In some embodiments, the iIRNA of the invention comprises one or more
monomers that are UNA (unlocked nucleic acid) nucleotides. UNA is unlocked acyclic
nucleic acid, wherein any of the bonds of the sugar has been removed, forming an
unlocked "sugar” residue. In one example, UNA also encompasses monomer with bonds
between C1'-C4' have been removed (i.e. the covalent carbon-oxygen-carbon bond
between the C1' and C4' carbons). In another example, the C2'-C3' bond (i.e. the
covalent carbon-carbon bond between the C2' and C3' carbons) of the sugar has been
removed (see Nuc. Acids Symp. Series, 52, 133-134 (2008) and Fluiter et al., Mol.
Biosyst., 2009, 10, 1039 hereby incorporated by reference).
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Representative U.S. publications that teach the preparation of UNA include, but
are not limited to, US Patent No. 8,314,227; and US Patent Publication Nos.
2013/0096289; 2013/0011922; and 2011/0313020, the entire contents of each of which
are hereby incorporated herein by reference.

The RNA of an iRNA can also be modified to include one or more bicyclic sugar
moities. A “bicyclic sugar” is a furanosyl ring modified by the bridging of two atoms.
A*bicyclic nucleoside” (“BNA”) is a nucleoside having a sugar moiety comprising a
bridge connecting two carbon atoms of the sugar ring, thereby forming a bicyclic ring
system. In certain embodiments, the bridge connects the 4'-carbon and the 2'-carbon of
the sugar ring. Thus, in some embodiments an agent of the invention may include one
or more locked nucleic acids (LNA). A locked nucleic acid is a nucleotide having a
modified ribose moiety in which the ribose moiety comprises an extra bridge connecting
the 2" and 4' carbons. In other words, an LNA is a nucleotide comprising a bicyclic
sugar moiety comprising a 4'-CH2-0O-2' bridge. 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 siRNA stability in serum, and to reduce off-target
effects (Elmen, J. ef al., (2005) Nucleic Acids Research 33(1):439-447; Mook, OR. et
al., (2007) Mol Canc Ther 6(3):833-843; Grunweller, A. et al., (2003) Nucleic Acids
Research 31(12):3185-3193). Examples of bicyclic nucleosides for use in the
polynucleotides of the invention include without limitation nucleosides comprising a
bridge between the 4’ and the 2' ribosyl ring atoms. In certain embodiments, the
antisense polynucleotide agents of the invention include one or more bicyclic
nucleosides comprising a 4’ to 2’ bridge. Examples of such 4’ to 2' bridged bicyclic
nucleosides, include but are not limited to 4'-(CH2)—O0O-2' (LNA); 4'-(CH2)—S-2"; 4'-
(CH2)2—O0-2' (ENA); 4’-CH(CH3)—O0-2' (also referred to as “constrained ethyl” or
“cEt”) and 4'-CH(CH20OCH3)—O0-2' (and analogs thereof; see, e.g., U.S. Pat. No.
7,399,845); 4'-C(CH3)(CH3)—O0-2' (and analogs thereof; see e.g., US Patent No.
8,278,283); 4'-CH2—N(OCH3)-2' (and analogs thereof; see e.g., US Patent No.
8,278.,425); 4'-CH2—O—N(CH3)-2' (see, e.g.,U.S. Patent Publication No.
2004/0171570); 4'-CH2—N(R)—O-2', wherein R is H, C1-C12 alkyl, or a protecting
group (see, e.g., U.S. Pat. No. 7,427,672); 4'-CH2—C(H)(CH3)-2' (see, e.g.,
Chattopadhyaya et al., J. Org. Chem., 2009, 74, 118-134); and 4'-CH2—C(=CH2)-2'
(and analogs thereof; see, e.g., US Patent No. 8,278,426). The entire contents of each of
the foregoing are hereby incorporated herein by reference.

Additional representative U.S. Patents and US Patent Publications that teach the
preparation of locked nucleic acid nucleotides include, but are not limited to, the
following: U.S. Patent Nos. 6,268,490; 6,525,191; 6,670,461; 6,770,748; 6,794,499;
6,998,484; 7,053,207, 7,034,133;7,084,125; 7,399,845; 7,427,672; 7,569,686;
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7,741,457, 8,022,193; 8,030,467; 8,278,425; 8,278,426; 8,278,283; US 2008/0039618;
and US 2009/0012281, the entire contents of each of which are hereby incorporated
herein by reference.

Any of the foregoing bicyclic nucleosides can be prepared having one or more
stereochemical sugar configurations including for example a-L-ribofuranose and -D-
ribofuranose (see WO 99/14226).

The RNA of an iRNA can also be modified to include one or more constrained
ethyl nucleotides. As used herein, a "constrained ethyl nucleotide” or "cEt" is a locked
nucleic acid comprising a bicyclic sugar moiety comprising a 4'-CH(CH3)-0-2' bridge.
In one embodiment, a constrained ethyl nucleotide is in the S conformation referred to
herein as “S-cEt.”

An iRNA of the invention may also include one or more “conformationally
restricted nucleotides” (“CRN"). CRN are nucleotide analogs with a linker connecting
the C2’and C4’ carbons of ribose or the C3 and -C5' carbons of ribose. CRN lock the
ribose ring into a stable conformation and increase the hybridization affinity to mRNA.
The linker is of sufficient length to place the oxygen in an optimal position for stability
and affinity resulting in less ribose ring puckering.

Representative publications that teach the preparation of certain of the above
noted CRN include, but are not limited to, US Patent Publication No. 2013/0190383;
and PCT publication WO 2013/036868, the entire contents of each 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-(caproyl-4-
hydroxyprolinol (Hyp-C6), N-(acetyl-4-hydroxyprolinol (Hyp-NHAc), thymidine-2'-0-
deoxythymidine (ether), N-(aminocaproyl)-4-hydroxyprolinol (Hyp-C6-amino), 2-
docosanoyl-uridine-3"- phosphate, inverted base dT(idT) and others. Disclosure of this
modification can be found in PCT Publication No. WO 2011/005861.

Other modifications of the nucleotides of an iRNA of the invention include a 5’
phosphate or 5° phosphate mimic, e.g., a 5’-terminal phosphate or phosphate mimic on
the antisense strand of an RNAi agent. Suitable phosphate mimics are disclosed in, for
example US Patent Publication No. 2012/0157511, the entire contents of which are

incorporated herein by reference.

IV. iRNAs Conjugated to Ligands

Another modification of the RNA of an iRNA of the invention involves
chemically linking to the RNA one or more ligands, moieties or conjugates that enhance
the activity, cellular distribution or cellular uptake of the iRNA. Such moieties include

but are not limited to lipid moieties such as a cholesterol moiety (Letsinger et al., (1989)
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Proc. Natl. Acid. Sci. USA, 86: 6553-6556), cholic acid (Manoharan et al., (1994) Biorg.
Med. Chem. Let., 4:1053-1060), a thioether, e.g., beryl-S-tritylthiol (Manoharan et al.,
(1992) Ann. N.Y. Acad. Sci., 660:306-309; Manoharan et al., (1993) Biorg. Med. Chem.
Let., 3:2765-2770), a thiocholesterol (Oberhauser ef al., (1992) Nucl. Acids Res., 20:533-
538), an aliphatic chain, e.g., dodecandiol or undecyl residues (Saison-Behmoaras et al.,
(1991) EMBO J, 10:1111-1118; Kabanov et al., (1990) FEBS Lett., 259:327-330;
Svinarchuk et al., (1993) Biochimie, 75:49-54), a phospholipid, e.g., di-hexadecyl-rac-
glycerol or triethyl-ammonium 1,2-di-O-hexadecyl-rac-glycero-3-phosphonate
(Manoharan et al., (1995) Tetrahedron Lett., 36:3651-3654; Shea et al., (1990) Nucl.
Acids Res., 18:3777-3783), a polyamine or a polyethylene glycol chain (Manoharan et
al., (1995) Nucleosides & Nucleotides, 14:969-973), or adamantane acetic acid
(Manoharan et al., (1995) Tetrahedron Lett., 36:3651-3654), a palmityl moiety (Mishra
et al., (1995) Biochim. Biophys. Acta,1264:229-237), or an octadecylamine or
hexylamino-carbonyloxycholesterol moiety (Crooke et al., (1996) J. Pharmacol. Exp.
Ther., 277:923-937).

In one embodiment, a ligand alters the distribution, targeting or lifetime of an
iRNA agent into which it is incorporated. In preferred embodiments a ligand provides
an enhanced affinity for a selected target, e.g., molecule, cell or cell type, compartment,
e.g., a cellular or organ compartment, tissue, organ or region of the body, as, e.g.,
compared to a species absent such a ligand. Preferred ligands will not take part in
duplex pairing in a duplexed nucleic acid.

Ligands can include a naturally occurring substance, such as a protein (e.g.,
human serum albumin (HSA), low-density lipoprotein (LDL), or globulin); carbohydrate
(e.g., a dextran, pullulan, chitin, chitosan, inulin, cyclodextrin, N-acetylglucosamine, N-
acetylgalactosamine or hyaluronic acid); or a lipid. The ligand can also be a
recombinant or synthetic molecule, such as a synthetic polymer, e.g., a synthetic
polyamino acid. Examples of polyamino acids include polyamino acid is a polylysine
(PLL), poly L-aspartic acid, poly L-glutamic acid, styrene-maleic acid anhydride
copolymer, poly(L-lactide-co-glycolied) copolymer, divinyl ether-maleic anhydride
copolymer, N-(2-hydroxypropyl)methacrylamide copolymer (HMPA), polyethylene
glycol (PEG), polyvinyl alcohol (PVA), polyurethane, poly(2-ethylacryllic acid), N-
isopropylacrylamide polymers, or polyphosphazine. Example of polyamines include:
polyethylenimine, polylysine (PLL), spermine, spermidine, polyamine, pseudopeptide-
polyamine, peptidomimetic polyamine, dendrimer polyamine, arginine, amidine,
protamine, cationic lipid, cationic porphyrin, quaternary salt of a polyamine, or an alpha

helical peptide.
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Ligands can also include targeting groups, e.g., a cell or tissue targeting agent,
e.g., a lectin, glycoprotein, lipid or protein, e.g., an antibody, that binds to a specified
cell type such as a kidney cell. A targeting group can be a thyrotropin, melanotropin,
lectin, glycoprotein, surfactant protein A, mucin carbohydrate, multivalent lactose,
monovalent or multivalent galactose, N-acetyl-galactosamine, N-acetyl-gulucosamine
multivalent mannose, multivalent fucose, glycosylated polyaminoacids, transferrin,
bisphosphonate, polyglutamate, polyaspartate, a lipid, cholesterol, a steroid, bile acid,
folate, vitamin B12, vitamin A, biotin, or an RGD peptide or RGD peptide mimetic. In
certain embodiments, ligands include monovalent or multivalent galactose. In certain
embodiments, ligands include cholesterol.

Other examples of ligands include dyes, intercalating agents (e.g. acridines),
cross-linkers (e.g. psoralene, mitomycin C), porphyrins (TPPC4, texaphyrin, Sapphyrin),
polycyclic aromatic hydrocarbons (e.g., phenazine, dihydrophenazine), artificial
endonucleases (e.g. EDTA), lipophilic molecules, e.g., cholesterol, cholic acid,
adamantane acetic acid, 1-pyrene butyric acid, dihydrotestosterone, 1,3-Bis-
O(hexadecyl)glycerol, geranyloxyhexyl group, hexadecylglycerol, borneol, menthol,
1,3-propanediol, heptadecyl group, palmitic acid, myristic acid, O3-(oleoyl)lithocholic
acid, O3-(oleoyl)cholenic acid, dimethoxytrityl, or phenoxazine), and peptide conjugates
(e.g., antennapedia peptide, Tat peptide), alkylating agents, phosphate, amino, mercapto,
PEG (e.g., PEG-40K), MPEG, [MPEG],, 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, Eu3+
complexes of tetraazamacrocycles), dinitrophenyl, HRP, or AP.

Ligands can be proteins, e.g., glycoproteins, or 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 hepatic cell. Ligands can also include hormones and hormone
receptors. They can also include non-peptidic species, such as lipids, lectins,
carbohydrates, vitamins, cofactors, multivalent lactose, multivalent galactose, N-acetyl-
galactosamine, N-acetyl-gulucosamine multivalent mannose, or multivalent fucose. The
ligand can be, for example, a lipopolysaccharide, an activator of p38 MAP kinase, 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, vincristine, vinblastine, cytochalasin, nocodazole,

japlakinolide, latrunculin A, phalloidin, swinholide A, indanocine, or myoservin.
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In some embodiments, a ligand attached to an iRNA as described herein acts as a
pharmacokinetic modulator (PK modulator). PK modulators include lipophiles, bile
acids, steroids, phospholipid analogues, peptides, protein binding agents, PEG, vitamins
etc. Exemplary PK modulators include, but are not limited to, cholesterol, fatty acids,
cholic acid, lithocholic acid, dialkylglycerides, diacylglyceride, phospholipids,
sphingolipids, naproxen, ibuprofen, vitamin E, biotin ezc. Oligonucleotides that
comprise a number of phosphorothioate linkages are also known to bind to serum
protein, thus short oligonucleotides, e.g., oligonucleotides of about 5 bases, 10 bases, 15
bases or 20 bases, comprising multiple of phosphorothioate linkages in the backbone are
also amenable to the present invention as ligands (e.g. as PK modulating ligands). In
addition, aptamers that bind serum components (e.g. serum proteins) are also suitable for
use as PK modulating ligands in the embodiments described herein.

Ligand-conjugated oligonucleotides of the invention may be synthesized by the
use of an oligonucleotide that bears a pendant reactive functionality, such as that derived
from the attachment of a linking molecule onto the oligonucleotide (described below).
This reactive oligonucleotide may be reacted directly with commercially-available
ligands, ligands that are synthesized bearing any of a variety of protecting groups, or
ligands that have a linking moiety attached thereto.

The oligonucleotides used in the conjugates of the present invention may be
conveniently and routinely made through the well-known technique of solid-phase
synthesis. Equipment for such synthesis is sold by several vendors including, for
example, Applied Biosystems™ (Foster City, Calif.). Any other means for such
synthesis known in the art may additionally or alternatively be employed. It is also
known to use similar techniques to prepare other oligonucleotides, such as the
phosphorothioates and alkylated derivatives.

In the ligand-conjugated oligonucleotides and ligand-molecule bearing sequence-
specific linked nucleosides of the present invention, the oligonucleotides and
oligonucleosides may be assembled on a suitable DNA synthesizer utilizing standard
nucleotide or nucleoside precursors, or nucleotide or nucleoside conjugate precursors
that already bear the linking moiety, ligand-nucleotide or nucleoside-conjugate
precursors that already bear the ligand molecule, or non-nucleoside ligand-bearing
building blocks.

When using nucleotide-conjugate precursors that already bear a linking moiety,
the synthesis of the sequence-specific linked nucleosides is typically completed, and the
ligand molecule is then reacted with the linking moiety to form the ligand-conjugated
oligonucleotide. In some embodiments, the oligonucleotides or linked nucleosides of the
present invention are synthesized by an automated synthesizer using phosphoramidites

derived from ligand-nucleoside conjugates in addition to the standard phosphoramidites
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and non-standard phosphoramidites that are commercially available and routinely used
in oligonucleotide synthesis.

A. Lipid Conujugates

In one embodiment, the ligand or conjugate is a lipid or lipid-based molecule.
Such a lipid or lipid-based molecule preferably binds a serum protein, e.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 tissue of the body. For example, the target tissue
can be the liver, including parenchymal cells of the liver. Other molecules that can bind
HSA can also be used as ligands. For example, neproxin or aspirin can be used. A lipid
or lipid-based ligand can (a) increase resistance to degradation of the conjugate, (b)
increase targeting or transport into a target cell or cell membrane, and/or (c) can be used
to adjust binding to a serum protein, e.g., HSA.

A lipid based ligand can be used to inhibit, e.g., control the binding of the
conjugate to a target tissue. For example, a lipid or lipid-based ligand that binds to HSA
more strongly will be less likely to be targeted to the kidney and therefore less likely to
be cleared from the body. A lipid or lipid-based ligand that binds to HSA less strongly
can be used to target the conjugate to the kidney.

In a preferred embodiment, the lipid based ligand binds HSA. Preferably, it
binds HSA with a sufficient affinity such that the conjugate will be preferably
distributed to a non-kidney tissue. However, it is preferred that the affinity not be so
strong that the HSA-ligand binding cannot be reversed.

In another preferred embodiment, the lipid based ligand binds HSA weakly or
not at all, such that the conjugate will be preferably distributed to the kidney. Other
moieties that target to kidney cells can also be used in place of or in addition to the lipid
based ligand.

In another aspect, the ligand is a moiety, e.g., a vitamin, which is taken up by a
target cell, e.g., a proliferating cell. These are particularly useful for treating disorders
characterized by unwanted cell proliferation, e.g., of the malignant or non-malignant
type, e.g., cancer cells. Exemplary vitamins include vitamin A, E, and K. Other
exemplary vitamins include are B vitamin, e.g., folic acid, B12, riboflavin, biotin,
pyridoxal or other vitamins or nutrients taken up by target cells such as liver cells. Also
included are HSA and low density lipoprotein (LDL).

B. Cell Permeation Agents

In another aspect, the ligand is a cell-permeation agent, preferably a helical cell-
permeation agent. Preferably, the agent is amphipathic. An exemplary agent is a
peptide such as tat or antennopedia. If the agent is a peptide, it can be modified,

including a peptidylmimetic, invertomers, non-peptide or pseudo-peptide linkages, and
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use of D-amino acids. The helical agent is preferably an alpha-helical agent, which
preferably has a lipophilic 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 into a defined
three-dimensional structure similar to a natural peptide. The attachment of peptide and
peptidomimetics to iRNA agents can affect pharmacokinetic distribution of the iRNA,
such as by enhancing cellular recognition and absorption. The peptide or
peptidomimetic moiety can be about 5-50 amino acids long, e.g., about 5, 10, 15, 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
or crosslinked peptide. In another alternative, the peptide moiety can include a
hydrophobic membrane translocation sequence (MTS). An exemplary hydrophobic
MTS-containing peptide is RFGF having the amino acid sequence
AAVALLPAVLLALLAP (SEQ ID NO: 25). An RFGF analogue (e.g., amino acid
sequence AALLPVLLAAP (SEQ ID NO: 26) containing a hydrophobic MTS can also
be a targeting moiety. The peptide moiety can be a “delivery” peptide, which can carry
large polar molecules including peptides, oligonucleotides, and protein across cell
membranes. For example, sequences from the HIV Tat protein (GRKKRRQRRRPPQ
(SEQ ID NO: 27) and the Drosophila Antennapedia protein (RQIKIWFQNRRMKWKK
(SEQ ID NO: 28) have been found to be capable of functioning as delivery peptides. A
peptide or peptidomimetic can be encoded by a random sequence of DNA, such as a
peptide identified from a phage-display library, or one-bead-one-compound (OBOC)
combinatorial library (Lam ef al., Nature, 354:82-84, 1991). Examples of a peptide or
peptidomimetic tethered to a dsSRNA agent via an incorporated monomer unit for cell
targeting purposes is an arginine-glycine-aspartic acid (RGD)-peptide, or RGD mimic.
A peptide moiety can range in length from about 5 amino acids to about 40 amino acids.
The peptide moieties can have a structural modification, such as to increase stability or
direct conformational properties. Any of the structural modifications described below
can be utilized.

An RGD peptide for use in the compositions and methods of the invention may
be linear or cyclic, and may be modified, e.g., glyciosylated or methylated, to facilitate
targeting to a specific tissue(s). RGD-containing peptides and peptidiomimemtics may
include D-amino acids, as well as synthetic RGD mimics. In addition to RGD, one can
use other moieties that target the integrin ligand. Preferred conjugates of this ligand
target PECAM-1 or VEGF.
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A “cell permeation peptide” is capable of permeating a cell, e.g., a microbial cell,
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, a a-helical linear peptide (e.g.,
LL-37 or Ceropin P1), a disulfide bond-containing peptide (e.g., a. -defensin, B-defensin
or bactenecin), 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 example, a cell permeation peptide can be a bipartite amphipathic
peptide, such as MPG, which is derived from the fusion peptide domain of HIV-1 gp41
and the NLS of SV40 large T antigen (Simeoni et al., Nucl. Acids Res. 31:2717-2724,
2003).

C. Carbohydrate Conjugates

In some embodiments of the compositions and methods of the invention, an
iRNA oligonucleotide further comprises a carbohydrate. The carbohydrate conjugated
iRNA are advantageous for the in vivo delivery of nucleic acids, as well as compositions
suitable for in vivo therapeutic use, as described herein. As used herein, “carbohydrate”
refers to a compound which is either a carbohydrate per se made up of one or more
monosaccharide units having at least 6 carbon atoms (which can be linear, branched or
cyclic) with an oxygen, nitrogen, or sulfur atom bonded to each carbon atom; or a
compound having as a part thereof a carbohydrate moiety made up of one or more
monosaccharide units each having at least six carbon atoms (which can be linear,
branched or cyclic), with an oxygen, nitrogen, or sulfur atom bonded to each carbon
atom. Representative carbohydrates include the sugars (mono-, di-, tri- and
oligosaccharides containing from about 4, 5, 6, 7, 8, or 9 monosaccharide units), and
polysaccharides such as starches, glycogen, cellulose and polysaccharide gums. Specific
monosaccharides include C5 and above (e.g., C5, C6, C7, or C8) sugars; di- and
trisaccharides include sugars having two or three monosaccharide units (e.g., C5, C6,
C7, or C8).

In one embodiment, a carbohydrate conjugate for use in the compositions and
methods of the invention is a monosaccharide.

In one embodiment, a carbohydrate conjugate for use in the compositions and

methods of the invention is selected from the group consisting of:
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In one embodiment, the monosaccharide is an N-acetylgalactosamine,such as
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described herein includes, but is not limited to,
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when one of X or Y is an oligonucleotide, the other is a hydrogen.
In certain embodiments of the invention, the GalNAc or GalNAc derivative is
attached to an iRNA agent of the invention via a monovalent linker. In some
embodiments, the GalNAc or GalNAc derivative is attached to an iRNA agent of the

10 invention via a bivalent linker. In yet other embodiments of the invention, the GalNAc

or GalNAc derivative is attached to an iRNA agent of the invention via a trivalent linker.

In one embodiment, the double stranded RNA1 agents of the invention comprise
one GalNAc or GalNAc derivative attached to the iRNA agent. In another embodiment,

the double stranded RNA1 agents of the invention comprise a plurality (e.g., 2, 3,4, 5, or

15  6) GalNAc or GalNAc derivatives, each independently attached to a plurality of
nucleotides of the double stranded RNAi agent through a plurality of monovalent
linkers.

In some embodiments, for example, when the two strands of an iRNA agent of
the invention are part of one larger molecule connected by an uninterrupted chain of

20  nucleotides between the 3’-end of one strand and the 5’-end of the respective other

strand forming a hairpin loop comprising, a plurality of unpaired nucleotides, each
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unpaired nucleotide within the hairpin loop may independently comprise a GalNAc or
GalNAc derivative attached via a monovalent linker. The hairpin loop may also be
formed by an extended overhang in one strand of the duplex.

In some embodiments, the carbohydrate conjugate further comprises one or more
additional ligands as described above, such as, but not limited to, a PK modulator and/or
a cell permeation peptide.

Additional carbohydrate conjugates (and linkers) suitable for use in the present
invention include those described in PCT Publication Nos. WO 2014/179620 and WO
2014/179627, the entire contents of each of which are incorporated herein by reference.

D. Linkers

In some embodiments, the conjugate or ligand described herein can be attached
to an iRNA oligonucleotide with various linkers that can be cleavable or non cleavable.

The term "linker" or “linking group” means an organic moiety that connects two
parts of a compound, e.g., covalently attaches two parts of a compound. Linkers
typically comprise a direct bond or an atom such as oxygen or sulfur, a unit such as
NRS8, C(O), C(O)NH, SO, SO,, SO:NH or a chain of atoms, such as, but not limited to,
substituted or unsubstituted alkyl, substituted or unsubstituted alkenyl, substituted or
unsubstituted alkynyl, arylalkyl, arylalkenyl, arylalkynyl, heteroarylalkyl,
heteroarylalkenyl, heteroarylalkynyl, heterocyclylalkyl, heterocyclylalkenyl,
heterocyclylalkynyl, aryl, heteroaryl, heterocyclyl, cycloalkyl, cycloalkenyl,
alkylarylalkyl, alkylarylalkenyl, alkylarylalkynyl, alkenylarylalkyl, alkenylarylalkenyl,
alkenylarylalkynyl, alkynylarylalkyl, alkynylarylalkenyl, alkynylarylalkynyl,
alkylheteroarylalkyl, alkylheteroarylalkenyl, alkylheteroarylalkynyl,
alkenylheteroarylalkyl, alkenylheteroarylalkenyl, alkenylheteroarylalkynyl,
alkynylheteroarylalkyl, alkynylheteroarylalkenyl, alkynylheteroarylalkynyl,
alkylheterocyclylalkyl, alkylheterocyclylalkenyl, alkylhererocyclylalkynyl,
alkenylheterocyclylalkyl, alkenylheterocyclylalkenyl, alkenylheterocyclylalkynyl,
alkynylheterocyclylalkyl, alkynylheterocyclylalkenyl, alkynylheterocyclylalkynyl,
alkylaryl, alkenylaryl, alkynylaryl, alkylheteroaryl, alkenylheteroaryl, alkynylhereroaryl,
which one or more methylenes can be interrupted or terminated by O, S, S(O), SO,
N(R8), C(O), substituted or unsubstituted aryl, substituted or unsubstituted heteroaryl,
substituted or unsubstituted heterocyclic; where R8 is hydrogen, acyl, aliphatic or
substituted aliphatic. In one embodiment, the linker is between about 1-24 atoms, 2-24,
3-24,4-24,5-24, 6-24, 6-18, 7-18, 8-18 atoms, 7-17, 8-17, 6-16, 7-17, or 8-16 atoms.

A cleavable linking group is one which is sufficiently stable outside the cell, but
which upon entry into a target cell is cleaved to release the two parts the linker is
holding together. In a preferred embodiment, the cleavable linking group is cleaved at

least about 10 times, 20, times, 30 times, 40 times, 50 times, 60 times, 70 times, 80
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times, 90 times or more, or at least about 100 times faster in a target cell or under a first
reference condition (which can, e.g., be selected to mimic or represent intracellular
conditions) than in the blood of a subject, or under a second reference condition (which
can, e.g., be selected to mimic or represent conditions found in the blood or serum).

Cleavable linking groups are susceptible to cleavage agents, e.g., pH, redox
potential or the presence of degradative molecules. Generally, cleavage agents are more
prevalent or found at higher levels or activities inside cells than in serum or blood.
Examples of such degradative agents include: redox agents which are selected for
particular substrates or which have no substrate specificity, including, e.g., oxidative or
reductive enzymes or reductive agents such as mercaptans, present in cells, that can
degrade a redox cleavable linking group by reduction; esterases; endosomes or agents
that can create an acidic environment, e.g., those that result in a pH of five or lower;
enzymes that can hydrolyze or degrade an acid cleavable linking group by acting as a
general acid, peptidases (which can be substrate specific), and phosphatases.

A cleavable linkage group, such as a disulfide bond can be susceptible to pH.
The pH of human serum is 7.4, while the average intracellular pH is slightly lower,
ranging from about 7.1-7.3. Endosomes have a more acidic pH, in the range of 5.5-6.0,
and lysosomes have an even more acidic pH at around 5.0. Some linkers will have a
cleavable linking group that is cleaved at a preferred pH, thereby releasing a cationic
lipid from the ligand inside the cell, or into the desired compartment of the cell.

A linker can include a cleavable linking group that is cleavable by a particular
enzyme. The type of cleavable linking group incorporated into a linker can depend on
the cell to be targeted. For example, a liver-targeting ligand can be linked to a cationic
lipid through a linker that includes an ester group. Liver cells are rich in esterases, and
therefore the linker will be cleaved more efficiently in liver cells than in cell types that
are not esterase-rich. Other cell-types rich in esterases include cells of the lung, renal
cortex, and testis.

Linkers that contain peptide bonds can be used when targeting cell types rich in
peptidases, such as liver cells and synoviocytes.

In general, the suitability of a candidate cleavable linking group can be evaluated
by testing the ability of a degradative agent (or condition) to cleave the candidate linking
group. It will also be desirable to also test the candidate cleavable linking group for the
ability to resist cleavage in the blood or when in contact with other non-target tissue.
Thus, one can determine the relative susceptibility to cleavage between a first and a
second condition, where the first is selected to be indicative of cleavage in a target cell
and the second is selected to be indicative of cleavage in other tissues or biological
fluids, e.g., blood or serum. The evaluations can be carried out in cell free systems, in

cells, in cell culture, in organ or tissue culture, or in whole animals. It can be useful to
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make initial evaluations in cell-free or culture conditions and to confirm by further
evaluations in whole animals. In preferred embodiments, useful candidate compounds
are cleaved at least about 2, 4, 10, 20, 30, 40, 50, 60, 70, 80, 90, or about 100 times
faster in the cell (or under in vitro conditions selected to mimic intracellular conditions)
as compared to blood or serum (or under in vitro conditions selected to mimic
extracellular conditions).

i. Redox cleavable linking groups

In one embodment, a cleavable linking group is a redox cleavable linking group
that is cleaved upon reduction or oxidation. An example of reductively cleavable
linking group is a disulphide linking group (-S-S-). To determine if a candidate
cleavable linking group is a suitable “reductively cleavable linking group,” or for
example is suitable for use with a particular iRNA moiety and particular targeting agent
one can look to methods described herein. For example, a candidate can be evaluated by
incubation with dithiothreitol (DTT), or other reducing agent using reagents know in the
art, which mimic the rate of cleavage which would be observed in a cell, e.g., a target
cell. The candidates can also be evaluated under conditions which are selected to mimic
blood or serum conditions. In one, candidate compounds are cleaved by at most about
10% in the blood. In other embodiments, useful candidate compounds are degraded at
least about 2, 4, 10, 20, 30, 40, 50, 60, 70, 80, 90, or about 100 times faster in the cell (or
under in vitro conditions selected to mimic intracellular conditions) as compared to
blood (or under in vitro conditions selected to mimic extracellular conditions). The rate
of cleavage of candidate compounds can be determined using standard enzyme kinetics
assays under conditions chosen to mimic intracellular media and compared to conditions
chosen to mimic extracellular media.

ii. Phosphate-based cleavable linking groups

In another embodiment, a cleavable linker comprises a phosphate-based
cleavable linking group. A phosphate-based cleavable linking group is cleaved by
agents that degrade or hydrolyze the phosphate group. An example of an agent that
cleaves phosphate groups in cells are enzymes such as phosphatases in cells. Examples
of phosphate-based linking groups are -O-P(O)(ORk)-O-, -O-P(S)(ORk)-O-, -O-
P(S)(SRk)-O-, -S-P(O)(ORKk)-O-, -O-P(O)(ORk)-S-, -S-P(O)(ORk)-S-, -O-P(S)(ORk)-
S-, -S-P(S)(ORk)-O-, -O-P(O)(Rk)-O-, -O-P(S)(Rk)-O-, -S-P(O)(Rk)-O-, -S-P(S)(Rk)-
O-, -S-P(O)(Rk)-S-, -O-P(S)( Rk)-S-. Preferred embodiments are -O-P(O)(OH)-O-, -O-
P(S)(OH)-O-, -O-P(S)(SH)-0O-, -S-P(O)(OH)-0O-, -O-P(O)(OH)-S-, -S-P(O)(OH)-S-, -O-
P(S5)(OH)-S-, -S-P(S)(OH)-O-, -O-P(O)(H)-O-, -O-P(S)(H)-O-, -S-P(O)(H)-O-, -S-
P(S)(H)-O-, -S-P(O)(H)-S-, -O-P(S)(H)-S-. A preferred embodiment is -O-P(O)(OH)-
O-. These candidates can be evaluated using methods analogous to those described

above.
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iti. Acid cleavable linking groups

In another embodiment, a cleavable linker comprises an acid cleavable linking
group. An acid cleavable linking group is a linking group that is cleaved under acidic
conditions. In preferred embodiments acid cleavable linking groups are cleaved in an
acidic environment with a pH of about 6.5 or lower (e.g., about 6.0, 5.75, 5.5, 5.25, 5.0,
or lower), or by agents such as enzymes that can act as a general acid. In a cell, specific
low pH organelles, such as endosomes and lysosomes can provide a cleaving
environment for acid cleavable linking groups. Examples of acid cleavable linking
groups include but are not limited to hydrazones, esters, and esters of amino acids. Acid
cleavable groups can have the general formula -C=NN-, C(O)O, or -OC(O). A preferred
embodiment is when the carbon attached to the oxygen of the ester (the alkoxy group) is
an aryl group, substituted alkyl group, or tertiary alkyl group such as dimethyl pentyl or
t-butyl. These candidates can be evaluated using methods analogous to those described
above.

iv. Ester-based linking groups

In another embodiment, a cleavable linker comprises an ester-based cleavable
linking group. An ester-based cleavable linking group is cleaved by enzymes such as
esterases and amidases in cells. Examples of ester-based cleavable linking groups
include but are not limited to esters of alkylene, alkenylene, and alkynylene groups.
Ester cleavable linking groups have the general formula -C(O)O-, or -OC(O)-. These
candidates can be evaluated using methods analogous to those described above.

v. Peptide-based cleaving groups

In yet another embodiment, a cleavable linker comprises a peptide-based
cleavable linking group. A peptide-based cleavable linking group is cleaved by enzymes
such as peptidases and proteases in cells. Peptide-based cleavable linking groups are
peptide bonds formed between amino acids to yield oligopeptides (e.g., dipeptides,
tripeptides, etc.) and polypeptides. Peptide-based cleavable groups do not include the
amide group (-C(O)NH-). The amide group can be formed between any alkylene,
alkenylene, or alkynelene. A peptide bond is a special type of amide bond formed
between amino acids to yield peptides and proteins. The peptide based cleavage group
is generally limited to the peptide bond (i.e., the amide bond) formed between amino
acids yielding peptides and proteins and does not include the entire amide functional
group. Peptide-based cleavable linking groups have the general formula —
NHCHRAC(O)NHCHRBC(O)-, where RA and RB are the R groups of the two adjacent
amino acids. These candidates can be evaluated using methods analogous to those

described above.
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In one embodiment, an iRNA of the invention is conjugated to a carbohydrate
through a linker. Non-limiting examples of iRNA carbohydrate conjugates with linkers

of the compositions and methods of the invention include, but are not limited to,

OH OH

HO%O\/\/\WH\/\/H

(Formula XXIV),

HO OHo o o x = 1-30
HO O\/\)LN\/\/\/\NJK y=115
AchN H (Formula XXVI),
Ho (©OH
Q 2 H
O\/\)j\ A~~-NO
HO N e
AcHN H 'e) xQ
HQ OH 0 Zj oY
O O N 7ye
O~ H H H
N._.O N N
HO2 AN NS S~ oy MO
OH H 0 0 H x O y
HO o o
Q H x=1-30
O\/\)"N\/\/\/\ PN =1-15
HO N O y
AcHN b

10 (Formula XXVID),
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HO (OH
Q O\/\)Cj)\ H
HO NSNS0 X-Q
AcHN H 0 Z__) y
H@& Q H Nl
H H N
HO R O NP e N s—S o
AcHN H ‘Cr)r AN 0 y
HO OHo o o x = 0-30
HO O\/\)LN\/\/\/\NJLO y=115
AcHN b
(Formula XX VIII),
HO (OH

x = 0-30
HO Noe~~~N"0 z=1-20
AcHN H

5  (Formula XXIX),

HO (OH
Q O\/\)(I)\ H
HO NN O X-Q
AcHN H 5 y
HO OH O H N "I/O—
0]
H H N
HO SNy 0 N~ doAo~s—s ™y 3o
AcHN N ‘g S X z0 y
HO OH x=1-30
Q Oy o y=1-15
HO O\/\)LN\/\/\/\NJLO Z=1-20
AcHN N
(Formula XXX), and
HO (OH
Q O\/\)OI\ §
HO NS SN O xQ
AcHN H 5 h y
H&/ Q g e
Q
H H N
HO O\/\)j\N/\/\/\,N ®) N\I(\,(O\/)»O,\/S_SM \‘MO
AcHN N ‘g 4 . 20 y
HO OH x=1-30
10 AcHN H

(Formula XXXI), when one of X or Y is an oligonucleotide, the other is a hydrogen.

In certain embodiments of the compositions and methods of the invention, a

ligand is one or more GalNAc (N-acetylgalactosamine) derivatives attached through a

bivalent or trivalent branched linker.
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In one embodiment, a dSRNA of the invention is conjugated to a bivalent or
trivalent branched linker selected from the group of structures shown in any of formula
(XXXII) — (XXXV):

Formula XXXII Formula XXXIII
2A_2A_R2A| 2A | 2A 3A_N3A_R3A | 3A_| 3A
P-*-Q“*-R o T2A-L /I/P QR m ToA-L
q q
SN
2B_2B_p2B | 2B_| 2B 3B_3B_Rp3B]| 3B_ 3B
P2P-Q?B.RP T2, \f‘P QP -RP =T
q q
P4A—Q4A— RiA 14444 PSA_QSA_RSA ]T T5A_ 5A
4A q
q pSB.QB.RB 158 5B
qB
P4B_Q4B R4B " T4B. 4B PSC_QSC_RSC ]_ 150,56
q qsc
Formula XXXIV Formula XXXV
wherein:

q2A, q2B, q3A, q3B, q4A, g4B, q5A, g5B and q5C represent independently for each
occurrence 0-20 and wherein the repeating unit can be the same or different;

p2A p2B p3A p3B piA piB pSA pSB pSC A 2B p3A 3B dA 4B AA B SC
each independently for each occurrence absent, CO, NH, O, S, OC(O), NHC(O), CH,
CH-NH or CH,O;

QZA, QZB, Q3 A Q3 B Q4A, Q4B, QSA, QSB, QSC are independently for each occurrence
absent, alkylene, substituted alkylene wherin one or more methylenes can be interrupted
or terminated by one or more of O, S, S(0O), SO,, N(RN), C(R)=C(R’"), C=C or C(O);
RZA, RZB, R? A, R? B, R4A, R4B, RSA, RSB, RC are each independently for each occurrence
absent, NH, O, S, CH,, C(0)O, C(O)NH, NHCH(R*C(0O), -C(0)-CH(R*)-NH-, CO,

O S e

\( \fsf” s—s
SN N~ or heterocyclyl;
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LZA, LZB, L’ A, L’ B, L4A, L4B, LSA, L°® and L3¢ represent the ligand; i.e. each
independently for each occurrence a monosaccharide (such as GalNAc), disaccharide,
trisaccharide, tetrasaccharide, oligosaccharide, or polysaccharide; andR® 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

(XXXVI):

Formula XXXVI

T5A.| 5A

| pSA_QSARSA —

q
PSB _ QSB_RSB ]5_]3 T5B. 5B
q

T5C_ 5C

| pSC_QSC_RSC

qSC

k4

wherein LSA, L8 and L°C represent a monosaccharide, such as GalNAc

derivative.

Examples of suitable bivalent and trivalent branched linker groups conjugating
GalNAc derivatives include, but are not limited to, the structures recited above as
formulas II, VII, XI, X, and XIIL

Representative U.S. patents that teach the preparation of RNA conjugates
include, but are not limited to, U.S. Pat. Nos. 4,828,979; 4,948,882; 5,218,105;
5,525,465; 5,541,313; 5,545,730; 5,552,538; 5,578,717, 5,580,731; 5,591,584,
5,109,124; 5,118,802; 5,138,045; 5,414,077, 5,486,603; 5,512,439; 5,578,718;
5,608,046; 4,587,044; 4,605,735; 4,667,025; 4,762,779; 4,789,737; 4,824,941,
4,835,263; 4,876,335; 4,904,582; 4,958,013; 5,082,830; 5,112,963; 5,214,136
5,082,830; 5,112,963; 5,214,136; 5,245,022; 5,254,469; 5,258,506; 5,262,536;
5,272,250; 5,292,873; 5,317,098; 5,371,241, 5,391,723; 5,416,203, 5,451,463;
5,510,475; 5,512,667, 5,514,785; 5,565,552; 5,567,810; 5,574,142; 5,585,481,
5,587,371; 5,595,726; 5,597,696; 5,599,923; 5,599,928 and 5,688,941; 6,294,664;
6,320,017; 6,576,752; 6,783,931; 6,900,297; 7,037,646, 8,106,022, the entire contents of
each of which are hereby incorporated herein by reference.

It is not necessary for all positions in a given compound to be uniformly
modified, and in fact more than one of the aforementioned modifications can be
incorporated in a single compound or even at a single nucleoside within an iRNA. The
present invention also includes iRNA compounds that are chimeric compounds.

“Chimeric” iRNA compounds or “chimeras,” in the context of this invention, are
iRNA compounds, preferably dsRNAs, which contain two or more chemically distinct

regions, each made up of at least one monomer unit, i.e., a nucleotide in the case of a
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dsRNA compound. These iRNAs typically contain at least one region wherein the RNA
is modified so as to confer upon the iRNA increased resistance to nuclease degradation,
increased cellular uptake, and/or increased binding affinity for the target nucleic acid.
An additional region of the iRNA can serve as a substrate for enzymes capable of
cleaving RNA:DNA or RNA:RNA hybrids. By way of example, RNase H is a cellular
endonuclease which cleaves the RNA strand of an RNA:DNA duplex. Activation of
RNase H, therefore, results in cleavage of the RNA target, thereby greatly enhancing the
efficiency of iRNA inhibition of gene expression. Consequently, comparable results can
often be obtained with shorter iRNAs when chimeric dsRNAs are used, compared to
phosphorothioate deoxy dsRNAs hybridizing to the same target region. Cleavage of the
RNA target can be routinely detected by gel electrophoresis and, if necessary, associated
nucleic acid hybridization techniques known in the art.

In certain instances, the RNA of an iRNA can be modified by a non-ligand
group. A number of non-ligand molecules have been conjugated to iRNAs in order to
enhance the activity, cellular distribution or cellular uptake of the iRNA, and procedures
for performing such conjugations are available in the scientific literature. Such non-
ligand moieties have included lipid moieties, such as cholesterol (Kubo, T. et al.,
Biochem. Biophys. Res. Comm., 2007, 365(1):54-61; Letsinger et al., Proc. Natl. Acad.
Sci. USA, 1989, 86:6553), cholic acid (Manoharan et al., Bioorg. Med. Chem. Lett.,
1994, 4:1053), a thioether, e.g., hexyl-S-tritylthiol (Manoharan et al., Ann. N.Y. Acad.
Sci., 1992, 660:306; Manoharan et al., Bioorg. Med. Chem. Let., 1993, 3:2765), a
thiocholesterol (Oberhauser ef al., Nucl. Acids Res., 1992, 20:533), an aliphatic chain,
e.g., dodecandiol or undecyl residues (Saison-Behmoaras et al., EMBO J., 1991, 10:111;
Kabanov et al., FEBS Lett., 1990, 259:327; Svinarchuk er al., Biochimie, 1993, 75:49),
a phospholipid, e.g., di-hexadecyl-rac-glycerol or triethylammonium 1,2-di-O-
hexadecyl-rac-glycero-3-H-phosphonate (Manoharan et al., Tetrahedron Lett., 1995,
36:3651; Shea et al., Nucl. Acids Res., 1990, 18:3777), a polyamine or a polyethylene
glycol chain (Manoharan et al., Nucleosides & Nucleotides, 1995, 14:969), or
adamantane acetic acid (Manoharan et al., Tetrahedron Lett., 1995, 36:3651), a palmityl
moiety (Mishra er al., Biochim. Biophys. Acta, 1995, 1264:229), or an octadecylamine
or hexylamino-carbonyl-oxycholesterol moiety (Crooke ef al., J. Pharmacol. Exp. Ther.,
1996, 277:923). Representative United States patents that teach the preparation of such
RNA conjugates have been listed above. Typical conjugation protocols involve the
synthesis of an RNAs bearing an amino linker at one or more positions of the sequence.
The amino group is then reacted with the molecule being conjugated using appropriate
coupling or activating reagents. The conjugation reaction can be performed either with
the RNA still bound to the solid support or following cleavage of the RNA, in solution
phase. Purification of the RNA conjugate by HPLC typically affords the pure conjugate.
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IV. Delivery of an iRNA of the Invention

The delivery of an iRNA of the invention to a cell e.g., a cell within a subject,
such as a human subject (e.g., a subject in need thereof, such as a subject having a
glycogen storage disease (GSD), e.g., type Ia GSD) can be achieved in a number of
different ways. For example, delivery may be performed by contacting a cell with an
iRNA of the invention either in vitro or in vivo. In vivo delivery may also be performed
directly by administering a composition comprising an iRNA, e.g., adsRNA, to a
subject. Alternatively, in vivo delivery may be performed indirectly by administering
one or more vectors that encode and direct the expression of the iRNA. These
alternatives are discussed further below.

In general, any method of delivering a nucleic acid molecule (in vitro or in vivo)
can be adapted for use with an iRNA of the invention (see e.g., Akhtar S. and Julian RL.,
(1992) Trends Cell. Biol. 2(5):139-144 and W(094/02595, which are incorporated herein
by reference in their entireties). For in vivo delivery, factors to consider in order to
deliver an iRNA molecule include, for example, biological stability of the delivered
molecule, prevention of non-specific effects, and accumulation of the delivered
molecule in the target tissue. The non-specific effects of an iRNA can be minimized by
local administration, for example, by direct injection or implantation into a tissue or
topically administering the preparation. Local administration to a treatment 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 iRNA molecule to be administered. Several studies
have shown successful knockdown of gene products when an iRNA is administered
locally. For example, intraocular delivery of a VEGF dsRNA by intravitreal injection in
cynomolgus monkeys (Tolentino, MJ. et al., (2004) Retina 24:132-138) and subretinal
injections in mice (Reich, SJ. et al. (2003) Mol. Vis. 9:210-216) were both shown to
prevent neovascularization in an experimental model of age-related macular
degeneration. In addition, direct intratumoral injection of a dsRNA in mice reduces
tumor volume (Pille, J. ef al. (2005) Mol. Ther. 11:267-274) and can prolong survival of
tumor-bearing mice (Kim, W1J. et al., (2006) Mol. Ther. 14:343-350; Li, S. et al., (2007)
Mol. Ther. 15:515-523). RNA interference has also shown success with local delivery
to the CNS by direct injection (Dorn, G. et al., (2004) Nucleic Acids 32:¢49; Tan, PH. et
al. (2005) Gene Ther. 12:59-66; Makimura, H. ef a.l (2002) BMC Neurosci. 3:18;
Shishkina, GT., er al. (2004) Neuroscience 129:521-528; Thakker, ER., er al. (2004)
Proc. Natl. Acad. Sci. U.S.A. 101:17270-17275; Akaneya,Y., et al. (2005) J.
Neurophysiol. 93:594-602) and to the lungs by intranasal administration (Howard, KA.
et al., (2006) Mol. Ther. 14:476-484; Zhang, X. et al., (2004) J. Biol. Chem. 279:10677-
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10684; Bitko, V. et al., (2005) Nat. Med. 11:50-55). For administering an iRNA
systemically for the treatment of a disease, the RNA can be modified or alternatively
delivered using a drug delivery system; both methods act to prevent the rapid
degradation of the dSRNA by endo- and exo-nucleases in vivo. Modification of the
RNA or the pharmaceutical carrier can also permit targeting of the iRNA composition to
the target tissue and avoid undesirable off-target effects. iRNA molecules can be
modified by chemical conjugation to lipophilic groups such as cholesterol to enhance
cellular uptake and prevent degradation. For example, an iRNA directed against ApoB
conjugated to a lipophilic cholesterol moiety was injected systemically into mice and
resulted in knockdown of apoB mRNA in both the liver and jejunum (Soutschek, J. et
al., (2004) Nature 432:173-178). Conjugation of an iRNA to an aptamer has been
shown to inhibit tumor growth and mediate tumor regression in a mouse model of
prostate cancer (McNamara, JO. ef al., (2006) Nat. Biotechnol. 24:1005-1015). In an
alternative embodiment, the iRNA can be delivered using drug delivery systems such as
a nanoparticle, a dendrimer, a polymer, liposomes, or a cationic delivery system.
Positively charged cationic delivery systems facilitate binding of an iRNA 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 polymers can either be bound to an iRNA, or induced to form a vesicle or
micelle (see e.g., Kim SH. et al., (2008) Journal of Controlled Release 129(2):107-116)
that encases an iRNA. The formation of vesicles or micelles further prevents
degradation of the iRNA when administered systemically. Methods for making and
administering cationic- iRNA complexes are well within the abilities of one skilled in
the art (see e.g., Sorensen, DR., et al. (2003) J. Mol. Biol 327:761-766; Verma, UN. et
al., (2003) Clin. Cancer Res. 9:1291-1300; Arnold, AS et al., (2007) J. Hypertens.
25:197-205, 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., et al (2003), supra; Verma, UN. e al., (2003), supra),
Oligofectamine, "solid nucleic acid lipid particles" (Zimmermann, TS. et al., (2006)
Nature 441:111-114), cardiolipin (Chien, PY. er al., (2005) Cancer Gene Ther. 12:321-
328; Pal, A. et al., (2005) Int J. Oncol. 26:1087-1091), polyethyleneimine (Bonnet ME.
et al., (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. et al., (2007) Biochem. Soc. Trans. 35:61-67;
Yoo, H. et al., (1999) Pharm. Res. 16:1799-1804). In some embodiments, an iRNA
forms a complex with cyclodextrin for systemic administration. Methods for

administration and pharmaceutical compositions of iRNAs and cyclodextrins can be
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found in U.S. Patent No. 7, 427, 605, which is herein incorporated by reference in its
entirety.

A. Vector encoded iRNAs of the Invention

iRNA targeting the GCK gene can be expressed from transcription units inserted into
DNA or RNA vectors (see, e.g., Couture, A, et al., TIG. (1996), 12:5-10; Skillern, A., et
al., International PCT Publication No. WO 00/22113, Conrad, International PCT
Publication No. WO 00/22114, and Conrad, U.S. Pat. No. 6,054,299). Expression can
be transient (on the order of hours to 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 introduced as a linear construct, a circular plasmid, or a viral vector,
which can be an integrating or non-integrating vector. The transgene can also be
constructed to permit it to be inherited as an extrachromosomal plasmid (Gassmann, et
al., (1995) Proc. Natl. Acad. Sci. USA 92:1292).

The individual strand or strands of an iRNA can be transcribed from a promoter
on an expression vector. Where two separate strands are to be expressed to generate, for
example, a dsSRNA, two separate expression vectors can be co-introduced (e.g., by
transfection or infection) into a target cell. Alternatively each individual strand of a
dsRNA can be transcribed 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 linker polynucleotide sequence such that the dSRNA has a
stem and loop structure.

iRNA expression vectors are generally DNA 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
iRNA as described herein. Eukaryotic cell expression vectors are well known in the art
and are available from a number of commercial sources. Typically, such vectors are
provided containing convenient restriction sites for insertion of the desired nucleic acid
segment. Delivery of iRNA expressing vectors can be systemic, such as by intravenous
or intramuscular administration, by administration to target cells ex-planted from the
patient followed by reintroduction into the patient, or by any other means that allows for
introduction into a desired target cell.

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, including but not limited to lentiviral vectors, moloney murine leukemia virus,
etc.; (c) adeno- associated virus vectors; (d) herpes simplex virus vectors; (e) SV 40
vectors; (f) polyoma virus vectors; (g) papilloma virus vectors; (h) picornavirus vectors;
(1) pox virus vectors such as an orthopox, e.g., vaccinia virus vectors or avipox, e.g.

canary pox or fowl pox; and (j) a helper-dependent or gutless adenovirus. Replication-
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defective viruses can also be advantageous. Different vectors will or will not become
incorporated into the cells’ genome. The constructs can include viral sequences for
transfection, if desired. Alternatively, the construct can be incorporated into vectors
capable of episomal replication, e.g. EPV and EBV vectors. Constructs for the
recombinant expression of an iRNA will generally require regulatory elements, e.g.,
promoters, enhancers, efc., to ensure the expression of the iRNA in target cells. Other

aspects to consider for vectors and constructs are known in the art.

V. Pharmaceutical Compositions of the Invention

The present invention also includes pharmaceutical compositions and
formulations which include the iRNAs of the invention. In one embodiment, provided
herein are pharmaceutical compositions containing an iRNA, as described herein, and a
pharmaceutically acceptable carrier. The pharmaceutical compositions containing the
iRNA are useful for treating a disease or disorder associated with the expression or
activity of a GCK gene, such as, a glycogen storage disease (GSD), e.g.,type Ia GSD, or
one or more signs or symptoms of GSD, such as hypoglycemia, lactic acidosis,
hyperuricemia, hyperlipidemia, hepatomegaly, kidney disease as a result of glycogen
accumulation, hunger, jitteriness, lethargy, apnea, seizures, diaphoresis, confusion,
headaches, dizziness, unusual mood or behavior changes, loss of consciousness, coma,
muscle cramps, bleeding diathesis, short stauture, osteoporosis, delayed puberty, gout,
renal disease, systemic hypertension, pulmonary hypertension, hepatic adenomas,
pancreatitis, anemia, vitamin D deficiency, polycystic ovaries, irregular menstrual
cycles, menorrhagia, and eruptive xanthomata.

Such pharmaceutical compositions are formulated based on the mode of delivery.
One example is compositions that are formulated for systemic administration via
parenteral delivery, e.g., by intravenous (IV) or for subcutaneous delivery. Another
example is compositions that are formulated for direct delivery into the liver, e.g., by
infusion into the liver, such as by continuous pump infusion.

The pharmaceutical compositions of the invention may be administered in
dosages sufficient to inhibit expression of a GCK gene. In general, a suitable dose of an
iRNA of the invention will be in the range of about 0.001 to about 200.0 milligrams per
kilogram body weight of the recipient per day, generally in the range of about 1 to 50
mg per kilogram body weight per day. Typically, a suitable dose of an iRNA of the
invention will be in the range of about 0.1 mg/kg to about 5.0 mg/kg, preferably about
0.3 mg/kg and about 3.0 mg/kg.A repeat-dose regimine may include administration of a
therapeutic amount of iRNA on a regular basis, such as every other day or once a year.
In certain embodiments, the iRNA is administered about once per month to about once

per quarter (i.e., about once every three months).
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After an initial treatment regimen, the treatments can be administered on a less
frequent basis.

The skilled artisan will appreciate that certain factors can influence the dosage
and timing required to effectively treat a subject, including but not limited to the severity
of the disease or disorder, previous treatments, the general health and/or age of the
subject, and other diseases present. Moreover, treatment of a subject with a
therapeutically effective amount of a composition can include a single treatment or a
series of treatments. Estimates of effective dosages and in vivo half-lives for the
individual iRNAs encompassed by the invention can be made using conventional
methodologies or on the basis of in vivo testing using an appropriate animal model, as
described elsewhere herein.

Advances in mouse genetics have generated a number of mouse models for the
study of various human diseases, such as disorders of excess glucose that would benefit
from reduction in the expression of GCK.

The pharmaceutical compositions of the present invention can be administered in
a number of ways depending upon whether local or systemic treatment is desired and
upon the area to be treated. Administration can be topical (e.g., by a transdermal patch),
pulmonary, e.g., by inhalation or insufflation of powders or aerosols, including by
nebulizer; intratracheal, intranasal, epidermal and transdermal, oral or parenteral.
Parenteral administration includes intravenous, intraarterial, subcutaneous,
intraperitoneal or intramuscular injection or infusion; subdermal, e.g., via an implanted
device; or intracranial, e.g., by intraparenchymal, intrathecal or intraventricular,
administration.

The iRNA can be delivered in a manner to target a particular tissue, such as the
liver (e.g., the hepatocytes of the liver).

Pharmaceutical compositions and formulations for topical administration can
include transdermal patches, ointments, lotions, creams, gels, drops, suppositories,
sprays, liquids, and powders. Conventional pharmaceutical carriers, aqueous, powder,
or oily bases, thickeners and the like can be necessary or desirable. Coated condoms,
gloves and the like can also be useful. Suitable topical formulations include those in
which the iRNAs featured in the invention are in admixture with a topical delivery agent
such as lipids, liposomes, fatty acids, fatty acid esters, steroids, chelating agents, and
surfactants. Suitable lipids and liposomes include neutral (e.g., dioleoylphosphatidyl
DOPE ethanolamine, dimyristoylphosphatidyl choline DMPC, distearolyphosphatidyl
choline), negative (e.g., dimyristoylphosphatidyl glycerol DMPG), and cationic (e.g.,
dioleoyltetramethylaminopropyl DOTAP and dioleoylphosphatidyl ethanolamine
DOTMA). iRNAs featured in the invention can be encapsulated within liposomes or

can form complexes thereto, in particular to cationic liposomes. Alternatively, iRNAs
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can be complexed to lipids, in particular to cationic lipids. Suitable fatty acids and esters
include but are not limited to arachidonic acid, oleic acid, eicosanoic acid, lauric acid,
caprylic acid, capric acid, myristic acid, palmitic acid, stearic acid, linoleic acid,
linolenic acid, dicaprate, tricaprate, monoolein, dilaurin, glyceryl 1-monocaprate, 1-
dodecylazacycloheptan-2-one, an acylcarnitine, an acylcholine, or a C;9 alkyl ester
(e.g., isopropylmyristate IPM), monoglyceride or diglyceride; or pharmaceutically
acceptable salt thereof. Topical formulations are described in detail in U.S. Patent No.
6,747,014, which is incorporated herein by reference.

A. IRNA Formulations Comprising Membranous Molecular Assemblies

An iRNA for use in the compositions and methods of the invention can be
formulated for delivery in a membranous molecular assembly, e.g., 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 plurality of
bilayers. Liposomes include unilamellar and multilamellar vesicles that have a
membrane formed from a lipophilic material and an aqueous interior. The aqueous
portion contains the iRNA composition. The lipophilic material isolates the aqueous
interior from an aqueous exterior, which typically does not include the iRNA
composition, although in some examples, it may. Liposomes are useful for the transfer
and delivery of active ingredients to the site of action. Because the liposomal membrane
is structurally similar to biological membranes, when liposomes are applied to a tissue,
the liposomal bilayer fuses with bilayer of the cellular membranes. As the merging of
the liposome and cell progresses, the internal aqueous contents that include the iRNA
are delivered into the cell where the iRNA can specifically bind to a target RNA and can
mediate RNAi. In some cases the liposomes are also specifically targeted, e.g., to direct
the iRNA to particular cell types.

A liposome containing a RNA1 agent can be prepared by a variety of methods. In
one example, the lipid component of a liposome is dissolved in a detergent so that
micelles are formed with the lipid component. For example, the lipid component can be
an amphipathic cationic lipid or lipid conjugate. The detergent can have a high critical
micelle concentration and may be nonionic. Exemplary detergents include cholate,
CHAPS, octylglucoside, deoxycholate, and lauroyl sarcosine. The RNAi agent
preparation is then added to the micelles that include the lipid component. The cationic
groups on the lipid interact with the RNAi agent and condense around the RNAi agent to
form a liposome. After condensation, the detergent is removed, e.g., by dialysis, to yield

a liposomal preparation of RNA1 agent.
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If 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.

Methods for producing stable polynucleotide delivery vehicles, which
incorporate a polynucleotide/cationic lipid complex as structural components of the
delivery vehicle, 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., (1987) Proc. Natl.
Acad. Sci. USA 8:7413-7417; U.S. Pat. No. 4,897,355; U.S. Pat. No. 5,171,678;
Bangham et al., (1965) M. Mol. Biol. 23:238; Olson et al., (1979) Biochim. Biophys.
Acta 557:9; Szoka et al., (1978) Proc. Natl. Acad. Sci. 75: 4194; Mayhew et al., (1984)
Biochim. Biophys. Acta 775:169; Kim et al., (1983) Biochim. Biophys. Acta 728:339;
and Fukunaga et al., (1984) Endocrinol. 115:757. Commonly used techniques for
preparing lipid aggregates of appropriate size for use as delivery vehicles include
sonication and freeze-thaw plus extrusion (see, €.g., Mayer et al., (1986) Biochim.
Biophys. Acta 858:161. Microfluidization can be used when consistently small (50 to
200 nm) and relatively uniform aggregates are desired (Mayhew et al., (1984) Biochim.
Biophys. Acta 775:169. These methods are readily adapted to packaging RNAi agent
preparations into liposomes.

Liposomes fall into two broad classes. Cationic liposomes are positively charged
liposomes which interact with the negatively charged nucleic acid molecules to form a
stable complex. The positively charged nucleic acid/liposome complex binds to the
negatively charged cell surface and is internalized in an endosome. Due to the acidic pH
within the endosome, the liposomes are ruptured, releasing their contents into the cell
cytoplasm (Wang et al. (1987) Biochem. Biophys. Res. Commun., 147:980-985).

Liposomes, which are pH-sensitive or negatively charged, entrap nucleic acids
rather than complex with them. Since both the nucleic acid and the lipid are similarly
charged, repulsion rather than complex formation occurs. Nevertheless, some nucleic
acid is entrapped within the aqueous interior of these liposomes. pH sensitive liposomes
have been used to deliver nucleic acids encoding the thymidine kinase gene to cell
monolayers in culture. Expression of the exogenous gene was detected in the target cells
(Zhou et al. (1992) Journal of Controlled Release, 19:269-274).

One major type of liposomal composition includes phospholipids other than
naturally-derived phosphatidylcholine. Neutral liposome compositions, for example,
can be formed from dimyristoyl phosphatidylcholine (DMPC) or dipalmitoyl
phosphatidylcholine (DPPC). Anionic liposome compositions generally are formed

from dimyristoyl phosphatidylglycerol, while anionic fusogenic liposomes are formed
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primarily from dioleoyl phosphatidylethanolamine (DOPE). Another type of liposomal
composition is formed from phosphatidylcholine (PC) such as, for example, soybean
PC, and egg PC. Another type is formed from mixtures of phospholipid and/or
phosphatidylcholine and/or cholesterol.

Examples of other methods to introduce liposomes into cells in vitro and in vivo
include U.S. Pat. No. 5,283,185; U.S. Pat. No. 5,171,678; WO 94/00569; WO 93/24640;
WO 91/16024; Felgner, (1994) J. Biol. Chem. 269:2550; Nabel, (1993) Proc. Natl.
Acad. Sci. 90:11307; Nabel, (1992) Human Gene Ther. 3:649; Gershon, (1993)
Biochem. 32:7143; and Strauss, (1992) EMBQO J. 11:417.

Non-ionic liposomal systems have also been examined to determine their utility
in the delivery of drugs to the skin, in particular systems comprising non-ionic surfactant
and cholesterol. Non-ionic liposomal formulations comprising Novasome' ™ I (glyceryl
dilaurate/cholesterol/polyoxyethylene-10-stearyl ether) and Novasome ™ II (glyceryl
distearate/cholesterol/polyoxyethylene-10-stearyl ether) were used to deliver
cyclosporin-A into the dermis of mouse skin. Results indicated that such non-ionic
liposomal systems were effective in facilitating the deposition of cyclosporine A into
different layers of the skin (Hu et al., (1994) S§.T.P.Pharma. Sci., 4(6):466).

Liposomes also include “sterically stabilized” liposomes, a term which, as used
herein, refers to liposomes comprising one or more specialized lipids that, when
incorporated into liposomes, result in enhanced circulation lifetimes relative to
liposomes lacking such specialized lipids. Examples of sterically stabilized liposomes
are those in which part of the vesicle-forming lipid portion of the liposome (A)
comprises one or more glycolipids, such as monosialoganglioside G, 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 particular theory, it is thought in the art
that, at least for sterically stabilized liposomes containing gangliosides, sphingomyelin,
or PEG-derivatized lipids, the enhanced circulation half-life of these sterically stabilized
liposomes derives from a reduced uptake into cells of the reticuloendothelial system
(RES) (Allen et al., (1987) FEBS Letters, 223:42; Wu et al., (1993) Cancer Research,
53:3765).

Various liposomes comprising one or more glycolipids are known in the art.
Papahadjopoulos ef al. (Ann. N.Y. Acad. Sci., (1987), 507:64) reported the ability of
monosialoganglioside Gy, galactocerebroside sulfate and phosphatidylinositol to
improve blood half-lives of liposomes. These findings were expounded upon by
Gabizon et al. (Proc. Natl. Acad. Sci. U.S.A., (1988), 85,:6949). U.S. Pat. No. 4,837,028
and WO 88/04924, both to Allen et al., disclose liposomes comprising (1)
sphingomyelin and (2) the ganglioside Gwm or a galactocerebroside sulfate ester. U.S.

Pat. No. 5,543,152 (Webb et al.) discloses liposomes comprising sphingomyelin.
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Liposomes comprising 1,2-sn-dimyristoylphosphatidylcholine are disclosed in WO
97/13499 (Lim et al).

In one embodiment, cationic liposomes are used. Cationic liposomes possess the
advantage of being able to fuse to the cell membrane. Non-cationic liposomes, 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 liposomes include: liposomes obtained from natural
phospholipids are biocompatible and biodegradable; liposomes can incorporate a wide
range of water and lipid soluble drugs; liposomes can protect encapsulated RNAi agents
in their internal compartments from metabolism and degradation (Rosoff, in
"Pharmaceutical Dosage Forms," Lieberman, Rieger and Banker (Eds.), 1988, volume 1,
p- 245). Important considerations in the preparation of liposome formulations are the
lipid surface charge, vesicle size and the aqueous volume of the liposomes.

A positively charged synthetic cationic lipid, N-[1-(2,3-dioleyloxy)propyl]-
N,N,N-trimethylammonium chloride (DOTMA) can be used to form small liposomes
that interact spontaneously 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, resulting in delivery of RNAIi agent (see, e.g., Felgner, P. L. et al., (1987)
Proc. Natl. Acad. Sci. USA 8:7413-7417, and U.S. Pat. No. 4,897,355 for a description
of DOTMA and its use with DNA).

A DOTMA analogue, 1,2-bis(oleoyloxy)-3-(trimethylammonia)propane
(DOTAP) 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
cells that comprise positively charged DOTMA liposomes which interact spontaneously
with negatively charged polynucleotides to form complexes. When enough positively
charged liposomes are used, the net charge on the resulting complexes is also positive.
Positively charged complexes prepared in this way spontaneously attach to negatively
charged cell surfaces, fuse with the plasma membrane, and efficiently deliver functional
nucleic acids into, for example, tissue culture cells. Another commercially available
cationic lipid, 1,2-bis(oleoyloxy)-3,3-(trimethylammonia)propane (“DOTAP”)
(Boehringer Mannheim ™, Indianapolis, Indiana) differs from DOTMA in that the
oleoyl moieties are linked by ester, rather than ether linkages.

Other reported cationic lipid compounds include those that have been conjugated
to a variety of moieties including, for example, carboxyspermine which has been
conjugated to one of two types of lipids and includes compounds such as 5-

carboxyspermylglycine dioctaoleoylamide (“DOGS”) (Transfectam™, PromegaTM,
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Madison, Wisconsin) and dipalmitoylphosphatidylethanolamine 5-carboxyspermyl-
amide (“DPPES”) (see, e.g., U.S. Pat. No. 5,171,678).

Another cationic 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 Huang, L., (1991) Biochim. Biophys. Res. Commun. 179:280).
Lipopolylysine, made by conjugating polylysine to DOPE, has been reported to be
effective for transfection in the presence of serum (Zhou, X. et al., (1991) Biochim.
Biophys. Acta 1065:8). For certain cell lines, these liposomes containing conjugated
cationic lipids, are said to exhibit lower toxicity and provide more efficient transfection
than the DOTMA-containing compositions. Other commercially available cationic lipid
products include DMRIE and DMRIE-HP (VicalTM, La Jolla, California) and
Lipofectamine™ (DOSPA) (Life Technology ™, Inc., Gaithersburg, Maryland). Other
cationic lipids suitable for the delivery of oligonucleotides are described in WO
98/39359 and WO 96/37194.

Liposomal formulations are particularly suited for topical administration,
liposomes present several advantages over other formulations. Such advantages include
reduced side effects related to high systemic absorption of the administered drug,
increased accumulation of the administered drug at the desired target, and the ability to
administer RNA1 agent into the skin. In some implementations, liposomes are used for
delivering RNAI1 agent to epidermal 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 to the skin has been
documented (see, e.g., Weiner et al., (1992) Journal of Drug Targeting, vol. 2,405-410
and du Plessis er al., (1992) Antiviral Research, 18:259-265; Mannino, R. J. and Fould-
Fogerite, S., (1998) Biotechniques 6:682-690; Itani, T. et al., (1987) Gene 56:267-276;
Nicolau, C. et al. (1987) Meth. Enzymol. 149:157-176; Straubinger, R. M. and
Papahadjopoulos, D. (1983) Meth. Enzymol. 101:512-527; Wang, C. Y. and Huang, L.,
(1987) Proc. Natl. Acad. Sci. USA 84:7851-7855).

Non-ionic liposomal systems have also been examined to determine their utility
in the delivery of drugs to the skin, in particular systems comprising non-ionic surfactant
and cholesterol. Non-ionic liposomal formulations comprising Novasome I (glyceryl
dilaurate/cholesterol/polyoxyethylene-10-stearyl ether) and Novasome II (glyceryl
distearate/ cholesterol/polyoxyethylene-10-stearyl ether) were used to deliver a drug into
the dermis of mouse skin. Such formulations with RN A1 agent are useful for treating a
dermatological disorder.

Liposomes that include iRNA can be made highly deformable. Such
deformability can enable the liposomes to penetrate through pore that are smaller than

the average radius of the liposome. For example, transfersomes are a type of
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deformable liposomes. Transferosomes can be made by adding surface edge activators,
usually surfactants, to a standard liposomal composition. Transfersomes that include
RNAI agent can be delivered, for example, subcutaneously by infection in order to
deliver RNAI1 agent to keratinocytes in the skin. In order to cross intact mammalian
skin, lipid vesicles must pass through a series of fine pores, each with a diameter less
than 50 nm, under the influence of a suitable transdermal gradient. In addition, due to
the lipid properties, these transferosomes can be self-optimizing (adaptive to the shape
of pores, e.g., in the skin), self-repairing, and can frequently reach their targets without
fragmenting, and often self-loading. Transfersomes have been used to deliver serum
albumin to the skin. The transfersome-mediated delivery of serum albumin has been
shown to be as effective as subcutaneous injection of a solution containing serum
albumin.

Other formulations amenable to the present invention are described in, for
example, PCT Publication No. WO 2008/042973.

Transfersomes are yet another type of liposomes, and are highly deformable lipid
aggregates which are attractive candidates for drug delivery vehicles. Transfersomes 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. Transfersomes are adaptable
to the environment in which they are used, e.g., they are self-optimizing (adaptive to the
shape of pores in the skin), self-repairing, frequently reach their targets without
fragmenting, and often self-loading. To make transfersomes it is possible to add surface
edge-activators, usually surfactants, to a standard liposomal composition. Transfersomes
have been used to deliver serum albumin to the skin. The transfersome-mediated
delivery of serum albumin has been shown to be as effective as subcutaneous injection
of a solution containing serum albumin.

Surfactants find wide application in formulations such as emulsions (including
microemulsions) and liposomes. The most common way of classifying and ranking the
properties of the many different types of surfactants, 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 useful means for categorizing the different
surfactants used in formulations (Rieger, in Pharmaceutical 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 pharmaceutical and cosmetic products and
are usable over a wide range of pH values. In general their HLB values range from 2 to
about 18 depending on their structure. Nonionic surfactants include nonionic esters such
as ethylene glycol esters, propylene glycol esters, glyceryl esters, polyglyceryl esters,

sorbitan esters, sucrose esters, and ethoxylated esters. Nonionic alkanolamides and
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ethers such as fatty alcohol ethoxylates, propoxylated alcohols, and
ethoxylated/propoxylated block polymers are also included in 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 is dissolved or
dispersed in water, the surfactant is classified as anionic. Anionic surfactants include
carboxylates such as soaps, acyl lactylates, acyl amides of amino acids, esters of sulfuric
acid such as alkyl sulfates and ethoxylated alkyl sulfates, sulfonates such as alkyl
benzene sulfonates, acyl isethionates, acyl taurates and sulfosuccinates, and phosphates.
The most important members of the anionic surfactant class are the alkyl sulfates and the
soaps.

If the surfactant molecule carries a positive charge when it is dissolved or
dispersed in water, the surfactant is classified as cationic. Cationic surfactants include
quaternary ammonium salts and ethoxylated amines. The quaternary ammonium salts
are the most used members of this class.

If the surfactant molecule has the ability to carry either a positive or negative
charge, the surfactant is classified as amphoteric. Amphoteric surfactants include acrylic
acid derivatives, substituted alkylamides, N-alkylbetaines, and phosphatides.

The use of surfactants in drug products, formulations and in emulsions has been
reviewed (Rieger, in Pharmaceutical Dosage Forms, Marcel Dekker, Inc., New York,
N.Y., 1988, p. 285).

The iRNA for use in the methods of the invention can also be provided as
micellar formulations. “Micelles” are defined herein as a particular type of molecular
assembly in 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 may be prepared by mixing an aqueous solution of the siRNA composition,
an alkali metal Cg to Co, alkyl sulphate, and a micelle forming compounds. Exemplary
micelle forming compounds include lecithin, hyaluronic acid, pharmaceutically
acceptable salts of hyaluronic acid, glycolic acid, lactic acid, chamomile extract,
cucumber extract, oleic acid, linoleic acid, linolenic acid, monoolein, monooleates,
monolaurates, borage oil, evening of primrose oil, menthol, trihydroxy oxo cholanyl
glycine and pharmaceutically acceptable salts thereof, glycerin, polyglycerin, lysine,
polylysine, triolein, polyoxyethylene ethers and analogues thereof, polidocanol alkyl
ethers and analogues thereof, chenodeoxycholate, deoxycholate, and mixtures thereof.

The micelle forming compounds may be added at the same time or after addition of the
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alkali metal alkyl sulphate. Mixed micelles will form with substantially any kind of
mixing of the ingredients 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 alkyl 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 alkyl sulphate and at least one of the micelle
forming compounds, followed by addition of the remaining micelle forming
compounds, with vigorous mixing.

Phenol and/or m-cresol may be added to the mixed micellar composition to
stabilize the formulation and protect against bacterial growth. Alternatively, phenol
and/or m-cresol may be added with the micelle forming ingredients. An isotonic agent
such as glycerin 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
into an aerosol dispenser and the dispenser is charged with a propellant. The propellant,
which is under pressure, is in liquid 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. If there are two phases, it is 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 is propelled from the metered valve in a fine spray.

Propellants may include hydrogen-containing chlorofluorocarbons, hydrogen-
containing fluorocarbons, dimethyl ether, and diethyl ether. In certain embodiments,
HFA 134a(1,1,1,2 tetrafluoroethane) may be used.

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

B. Lipid particles

iRNAs, e.g., dsRNAs of in the invention may be fully encapsulated in a lipid
formulation, e.g., a LNP, or other nucleic acid-lipid particle.

As used herein, the term "LNP" refers to a stable nucleic acid-lipid particle.

LNPs typically contain a cationic lipid, a non-cationic lipid, and a lipid that prevents
aggregation of the particle (e.g., a PEG-lipid conjugate). LNPs are extremely useful for
systemic applications, as they exhibit extended circulation lifetimes following
intravenous (1.v.) injection and accumulate at distal sites (e.g., sites physically separated
from the administration site). LNPs include "pSPLP," which inciude an encapsulated
condensing agent-nucleic acid complex as set forth in PCT Publication No.

WO 00/03683. The particles of the present invention typically have a mean diameter of
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about 50 nm to about 150 nm, more typically about 60 nm to about 130 nm, more
typically about 70 nm to about 110 nm, most typically about 70 nm to about 90 nm, and
are substantially nontoxic. In addition, the nucleic acids when present in the nucleic
acid- lipid particles of the present invention are resistant in aqueous solution to
degradation with a nuclease. Nucleic acid-lipid particles and their method of preparation
are disclosed in, e.g., U.S. Patent Nos. 5,976,567; 5,981,501; 6,534,484 6,586,410;
6,815,432; U.S. Publication No. 2010/0324120 and PCT Publication No. WO 96/40964.

In one embodiment, the lipid to drug ratio (mass/mass ratio) (e.g., lipid to
dsRNA ratio) will be in the range of from about 1:1 to about 50:1, 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 9:1, 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-dimethylammonium
chloride (DODAC), N,N-distearyl-N,N-dimethylammonium bromide (DDAB), N-(I -
(2,3- dioleoyloxy)propyl)-N,N,N-trimethylammonium chloride (DOTAP), N-(I -(2,3-
dioleyloxy)propyl)-N,N,N-trimethylammonium chloride (DOTMA), N,N-dimethyl-2,3-
dioleyloxy)propylamine (DODMA), 1,2-DiLinoleyloxy-N,N-dimethylaminopropane
(DLinDMA), 1,2-Dilinolenyloxy-N,N-dimethylaminopropane (DLenDMA), 1,2-
Dilinoleylcarbamoyloxy-3-dimethylaminopropane (DLin-C-DAP), 1,2-Dilinoleyoxy-3-
(dimethylamino)acetoxypropane (DLin-DAC), 1,2-Dilinoleyoxy-3-morpholinopropane
(DLin-MA), 1,2-Dilinoleoyl-3-dimethylaminopropane (DLinDAP), 1,2-Dilinoleylthio-
3-dimethylaminopropane (DLin-S-DMA), 1-Linoleoyl-2-linoleyloxy-3-
dimethylaminopropane (DLin-2-DMAP), 1,2-Dilinoleyloxy-3-trimethylaminopropane
chloride salt (DLin-TMA.Cl), 1,2-Dilinoleoyl-3-trimethylaminopropane chloride salt
(DLin-TAP.Cl), 1,2-Dilinoleyloxy-3-(N-methylpiperazino)propane (DLin-MPZ), or 3-
(N,N-Dilinoleylamino)-1,2-propanediol (DLinAP), 3-(N,N-Dioleylamino)-1,2-
propanedio (DOAP), 1,2-Dilinoleyloxo-3-(2-N,N-dimethylamino)ethoxypropane
(DLin-EG-DMA), 1,2-Dilinolenyloxy-N,N-dimethylaminopropane (DLinDMA), 2,2-
Dilinoleyl-4-dimethylaminomethyl-[1,3]-dioxolane (DLin-K-DMA) or analogs thereof,
(3aR,5s,6aS)-N,N-dimethyl-2,2-di((9Z,12Z)-octadeca-9,12-dienyl)tetrahydro-3aH-
cyclopenta[d][1,3]dioxol-5-amine (ALN100), (6Z,92,287,31Z)-heptatriaconta-
6.9,28,31-tetraen-19-yl 4-(dimethylamino)butanoate (MC3), 1,1'-(2-(4-(2-((2-(bis(2-
hydroxydodecyl)amino)ethyl)(2-hydroxydodecyl)amino)ethyl)piperazin-1-
yDethylazanediyl)didodecan-2-ol (Tech G1), or a mixture thereof. The cationic lipid can
comprise from about 20 mol % to about 50 mol % or about 40 mol % of the total lipid

present in the particle.
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In another embodiment, the compound 2,2-Dilinoleyl-4-dimethylaminoethyl-
[1,3]-dioxolane can be used to prepare lipid-siRNA nanoparticles. Synthesis of 2,2-
Dilinoleyl-4-dimethylaminoethyl-[1,3]-dioxolane is described in United States
provisional patent application number 61/107,998 filed on October 23, 2008, which is
herein incorporated by reference.

In one embodiment, the lipid-siRNA particle includes 40% 2, 2-Dilinoleyl-4-
dimethylaminoethyl-[1,3]-dioxolane: 10% DSPC: 40% Cholesterol: 10% PEG-C-
DOMG (mole percent) with a particle size of 63.0 + 20 nm and a 0.027 siRNA/Lipid
Ratio.

The ionizable/non-cationic lipid can be an anionic lipid or a neutral lipid
including, but not limited to, distearoylphosphatidylcholine (DSPC),
dioleoylphosphatidylcholine (DOPC), dipalmitoylphosphatidylcholine (DPPC),
dioleoylphosphatidylglycerol (DOPG), dipalmitoylphosphatidylglycerol (DPPG),
dioleoyl-phosphatidylethanolamine (DOPE), palmitoyloleoylphosphatidylcholine
(POPC), palmitoyloleoylphosphatidylethanolamine (POPE), dioleoyl-
phosphatidylethanolamine 4-(N-maleimidomethyl)-cyclohexane-1- carboxylate (DOPE-
mal), dipalmitoyl phosphatidyl ethanolamine (DPPE), dimyristoylphosphoethanolamine
(DMPE), distearoyl-phosphatidyl-ethanolamine (DSPE), 16-O-monomethyl PE, 16-O-
dimethyl PE, 18-1 -trans PE, 1 -stearoyl-2-oleoyl- phosphatidyethanolamine (SOPE),
cholesterol; or a mixture thereof. The non-cationic lipid can be from about 5 mol % to
about 90 mol %, about 10 mol %, or about 58 mol % if cholesterol is included, of the
total lipid present in the particle.

The conjugated lipid that inhibits aggregation of particles can be, for example, a
polyethyleneglycol (PEG)-lipid including, without limitation, a PEG-diacylglycerol
(DAG), a PEG-dialkyloxypropyl (DAA), a PEG-phospholipid, a PEG-ceramide (Cer), or
a mixture thereof. The PEG-DAA conjugate can be, for example, a PEG-
dilauryloxypropyl (Ci»), a PEG-dimyristyloxypropyl (Cis), a PEG-dipalmityloxypropyl
(Cig), or a PEG- distearyloxypropyl (C]g). The conjugated lipid that prevents aggregation
of particles can be from 0 mol % to about 20 mol % or about 2 mol % of the total lipid
present in the particle.

In some embodiments, the nucleic acid-lipid particle further 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 ND98-4HC1 (MW 1487) (see US20090023673,
filed 3/26/2008, which is incorporated herein by reference), Cholesterol (Sigma-
Aldrich™), and PEG-Ceramide C16 (Avanti™ Polar Lipids) can be used to prepare
lipid-dsRNA nanoparticles (i.e., LNPO1 particles). Stock solutions of each in ethanol
can be prepared as follows: ND98, 133 mg/ml; cholesterol, 25 mg/ml, PEG-Ceramide
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C16, 100 mg/ml. The ND98, cholesterol, and PEG-Ceramide C16 stock solutions can
then be combined in a, e.g., 42:48:10 molar ratio. The combined lipid solution can be
mixed with aqueous dsRNA (e.g., in sodium acetate pH 5) such that the final ethanol
concentration is about 35-45% and the final sodium acetate concentration is about 100-
300 mM. Lipid-dsRNA nanoparticles typically form spontaneously upon mixing.
Depending on the desired particle size distribution, the resultant nanoparticle mixture
can be extruded through a polycarbonate membrane (e.g., 100 nm cut-off) 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 simultaneous 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, e.g., about pH 6.9, about pH 7.0, about pH 7.1, about pH 7.2, about pH 7.3, or
about pH 7.4.

O
H H
WA
0]
H H
ND98 Isomer |
Formula 1

LNPO1 formulations are described, e.g., in International Application Publication
No. WO 2008/042973, which is hereby incorporated by reference.
Additional exemplary lipid-dsRNA formulations are described in the table

below.

cationic lipid/non-cationic
lipid/cholesterol/PEG-lipid
conjugate

Lipid:siRNA ratio

Ionizable/Cationic Lipid

DLinDMA/DPPC/Cholesterol/PEG-
SNALP- | 1,2-Dilinolenyloxy-N,N- cDMA

1 dimethylaminopropane (DLinDMA) (57.1/7.1/34.4/1.4)

lipid:siRNA ~ 7:1

XTC/DPPC/Cholesterol/PEG-
2,2-Dilinoleyl-4-dimethylaminoethyl-[1,3]- cDMA

dioxolane (XTC) 57.1/7.1/34.4/1.4

lipid:siRNA ~ 7:1

2-XTC
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cationic lipid/non-cationic
. . lipid/cholesterol/PEG-lipid
Ionizable/Cationic Lipid .
conjugate
Lipid:siRNA ratio
XTC/DSPC/Cholesterol/PEG-DMG
2,2-Dilinoleyl-4-dimethylaminoethyl-[1,3]-
LNPO5 ) 57.5/7.5/31.5/3.5
dioxolane (XTC)
lipid:siRNA ~ 6:1
XTC/DSPC/Cholesterol/PEG-DMG
2,2-Dilinoleyl-4-dimethylaminoethyl-[1,3]-
LNPO6 ) 57.5/7.5/31.5/3.5
dioxolane (XTC)
lipid:siRNA ~ 11:1
XTC/DSPC/Cholesterol/PEG-DMG
2,2-Dilinoleyl-4-dimethylaminoethyl-[1,3]-
LNPO7 60/7.5/31/1.5,
dioxolane (XTC) o
lipid:siRNA ~ 6:1
XTC/DSPC/Cholesterol/PEG-DMG
2,2-Dilinoleyl-4-dimethylaminoethyl-[1,3]-
LNPOS 60/7.5/31/1.5,
dioxolane (XTC) o
lipid:siRNA ~ 11:1
XTC/DSPC/Cholesterol/PEG-DMG
2,2-Dilinoleyl-4-dimethylaminoethyl-[1,3]-
LNP0O9 50/10/38.5/1.5
dioxolane (XTC) o
Lipid:siRNA 10:1
ALN100/DSPC/Cholesterol/PEG-
(3aR,5s,6aS5)-N,N-dimethyl-2,2-di((9Z,127)- DMG
LNP10 octadeca-9,12-dienyl)tetrahydro-3aH-
50/10/38.5/1.5
cyclopentald][1,3]dioxol-5-amine (ALN100) o
Lipid:siRNA 10:1
MC-3/DSPC/Cholesterol/PEG-
(62.,97.,287,317)-heptatriaconta-6,9,28,31- DMG
LNP11 tetraen-19-yl 4-(dimethylamino)butanoate
50/10/38.5/1.5
MC3) g
Lipid:siRNA 10:1
1,1'-(2-(4-(2-((2-(bis(2- Tech G1/DSPC/Cholesterol/PEG-
LNP12 hydroxydodecyl)amino)ethyl)(2- DMG
hydroxydodecyl)amino)ethyl)piperazin-1- 50/10/38.5/1.5
yDethylazanediyl)didodecan-2-ol (Tech G1) | Lipid:siRNA 10:1
XTC/DSPC/Chol/PEG-DMG
LNP13 XTC 50/10/38.5/1.5
Lipid:siRNA: 33:1
MC3/DSPC/Chol/PEG-DMG
LNP14 MC3 40/15/40/5
Lipid:siRNA: 11:1
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cationic lipid/non-cationic
lipid/cholesterol/PEG-lipid
conjugate

Lipid:siRNA ratio

Ionizable/Cationic Lipid

MC3/DSPC/Chol/PEG-
DSG/GalNAc-PEG-DSG
50/10/35/4.5/0.5
Lipid:siRNA: 11:1

LNP15 MC3

MC3/DSPC/Chol/PEG-DMG
LNP16 MC3 50/10/38.5/1.5
Lipid:siRNA: 7:1

MC3/DSPC/Chol/PEG-DSG
LNP17 MC3 50/10/38.5/1.5
Lipid:siRNA: 10:1

MC3/DSPC/Chol/PEG-DMG
LNP18 MC3 50/10/38.5/1.5
Lipid:siRNA: 12:1

MC3/DSPC/Chol/PEG-DMG
LNP19 MC3 50/10/35/5
Lipid:siRNA: 8:1

MC3/DSPC/Chol/PEG-DPG
LNP20 MC3 50/10/38.5/1.5
Lipid:siRNA: 10:1

C12-200/DSPC/Chol/PEG-DSG
LNP21 C12-200 50/10/38.5/1.5
Lipid:siRNA: 7:1

XTC/DSPC/Chol/PEG-DSG
LNP22 XTC 50/10/38.5/1.5
Lipid:siRNA: 10:1

DSPC: distearoylphosphatidylcholine

DPPC: dipalmitoylphosphatidylcholine

PEG-DMG: PEG-didimyristoyl glycerol (C14-PEG, or PEG-C14) (PEG with avg
mol wt of 2000)

PEG-DSG:  PEG-distyryl glycerol (C18-PEG, or PEG-C18) (PEG with avg mol wt of
2000)

PEG-cDMA: PEG-carbamoyl-1,2-dimyristyloxypropylamine (PEG with avg mol wt of
2000) SNALP (1,2-Dilinolenyloxy-N,N-dimethylaminopropane (DLinDMA))
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comprising formulations are described in International Publication No.
W02009/127060, filed April 15, 2009, which is hereby incorporated by reference.

XTC comprising formulations are described in, for example, PCT Publication
No. WO 2010/088537, the entire contents of which are hereby incorporated herein by
reference.

MC3 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 reference.

ALNY-100 comprising formulations are described in, for example, PCT
Publication No. WO 2010/054406, the entire contents of which are hereby incorporated
herein by reference.

C12-200 comprising formulations are described in, for example, PCT Publication
No. WO 2010/129709, the entire contents of which are hereby incorporated herein by
reference.

Compositions and formulations for oral administration include powders or
granules, microparticulates, nanoparticulates, suspensions, or solutions in water or non-
aqueous media, capsules, gel capsules, sachets, tablets, or minitablets. Thickeners,
flavoring agents, diluents, emulsifiers, dispersing aids, or binders can be desirable. In
some embodiments, oral formulations are those in which dsRNAs featured in the
invention are administered in conjunction with one or more penetration 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 ursodeoxychenodeoxycholic acid (UDCA), cholic
acid, dehydrocholic acid, deoxycholic acid, glucholic acid, glycholic acid,
glycodeoxycholic acid, taurocholic acid, taurodeoxycholic acid, sodium tauro-24,25-
dihydro-fusidate and sodium glycodihydrofusidate. Suitable fatty acids include
arachidonic acid, undecanoic acid, oleic acid, lauric acid, caprylic acid, capric acid,
myristic acid, palmitic acid, stearic acid, linoleic acid, linolenic acid, dicaprate,
tricaprate, monoolein, dilaurin, glyceryl 1-monocaprate, 1-dodecylazacycloheptan-2-
one, an acylcarnitine, an acylcholine, or a monoglyceride or a diglyceride; or a
pharmaceutically acceptable salt thereof (e.g., sodium). In some embodiments,
combinations of penetration enhancers are used, for example, fatty acids/salts in
combination with bile acids/salts. One exemplary combination is the sodium salt of
lauric acid, capric acid and UDCA. Further penetration enhancers include
polyoxyethylene-9-lauryl ether, polyoxyethylene-20-cetyl 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 include poly-

amino acids; polyimines; polyacrylates; polyalkylacrylates, polyoxethanes,
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polyalkylcyanoacrylates; cationized gelatins, albumins, starches, acrylates,
polyethyleneglycols (PEG) and starches; polyalkylcyanoacrylates; DEAE-derivatized
polyimines, pollulans, celluloses and starches. Suitable complexing agents include
chitosan, N-trimethylchitosan, poly-L-lysine, polyhistidine, polyornithine,
polyspermines, protamine, polyvinylpyridine, polythiodiethylaminomethylethylene
P(TDAE), polyaminostyrene (e.g., p-amino), poly(methylcyanoacrylate),
poly(ethylcyanoacrylate), poly(butylcyanoacrylate), poly(isobutylcyanoacrylate),
poly(isohexylcynaoacrylate), DEAE-methacrylate, DEAE-hexylacrylate, DEAE-
acrylamide, DEAE-albumin and DEAE-dextran, polymethylacrylate, polyhexylacrylate,
poly(D,L-lactic acid), poly(DL-lactic-co-glycolic acid (PLGA), alginate, and
polyethyleneglycol (PEG). Oral formulations for dsSRNAs and their preparation are
described in detail in U.S. Patent 6,887,906, US Publn. No. 20030027780, and U.S.
Patent No. 6,747,014, each of which is incorporated herein by reference.

Compositions and formulations for parenteral, intraparenchymal (into the brain),
intrathecal, intraventricular, or intrahepatic administration can include sterile aqueous
solutions which can also contain buffers, diluents and other suitable additives such as,
but not limited to, penetration enhancers, carrier compounds, and other pharmaceutically
acceptable carriers or excipients.

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 variety of components that include, but are not limited to,
preformed liquids, self-emulsifying solids, and self-emulsifying semisolids. Particularly
preferred are formulations that target the liver when treating hepatic disorders such as
hepatic carcinoma.

The pharmaceutical formulations of the present invention, which can
conveniently be presented in unit dosage form, can be prepared according to
conventional techniques well known in the pharmaceutical industry. Such techniques
include the step of bringing into association the active ingredients with the
pharmaceutical carrier(s) or excipient(s). In general, the formulations are prepared by
uniformly and intimately bringing into association the active ingredients with liquid
carriers or finely divided solid carriers or both, and then, if necessary, shaping the
product.

The compositions of the present invention can be formulated into any of many
possible dosage forms such as, but not limited to, tablets, capsules, gel capsules, liquid
syrups, soft gels, suppositories, and enemas. The compositions of the present invention
can also be formulated as suspensions in aqueous, non-aqueous, or mixed media.

Aqueous suspensions can further contain substances which increase the viscosity of the

78



WO 2016/209862 PCT/US2016/038616

10

15

20

25

30

35

suspension including, for example, sodium carboxymethylcellulose, sorbitol and/or
dextran. The suspension can also contain stabilizers.

C. Additional Formulations

i. Emulsions

The compositions of the present invention can be prepared and formulated as
emulsions. Emulsions are typically heterogeneous systems of one liquid dispersed in
another in the form of droplets usually exceeding 0.1um in diameter (see e.g., Ansel's
Pharmaceutical Dosage Forms and Drug Delivery Systems, Allen, LV., Popovich NG.,
and Ansel HC., 2004, Lippincott Williams & Wilkins (8th ed.), New York, NY; Idson,
in Pharmaceutical Dosage Forms, Lieberman, Rieger and Banker (Eds.), 1988, Marcel
Dekker, Inc., New York, N.Y., volume 1, p. 199; Rosoff, in Pharmaceutical Dosage
Forms, Lieberman, Rieger and Banker (Eds.), 1988, 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 2, p. 335; Higuchi
et al., in Remington's Pharmaceutical Sciences, Mack Publishing Co., Easton, Pa., 1985,
p- 301). Emulsions are often biphasic systems comprising two immiscible liquid phases
intimately mixed and dispersed with each other. In general, emulsions can be of either
the water-in-oil (w/0) or the oil-in-water (o/w) variety. When an aqueous phase is finely
divided into and dispersed as minute droplets into a bulk oily phase, the resulting
composition is called a water-in-oil (w/0) emulsion. Alternatively, when an oily phase is
finely divided into and dispersed as minute droplets into a bulk aqueous phase, the
resulting composition is called an oil-in-water (o/w) emulsion. Emulsions can contain
additional components in addition to the dispersed phases, and the active drug which can
be present as a solution in either 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 emulsions can also be multiple
emulsions that are comprised of more than two phases such as, for example, in the case
of oil-in-water-in-oil (o/w/o0) and water-in-oil-in-water (w/o/w) emulsions. Such
complex formulations often provide certain advantages that simple binary emulsions do
not. Multiple emulsions in which individual oil droplets of an o/w emulsion enclose
small water droplets constitute a w/o/w emulsion. Likewise a system of oil droplets
enclosed in globules of water stabilized in an oily continuous phase provides an o/w/o
emulsion.

Emulsions are characterized by little or no thermodynamic stability. Often, the
dispersed or discontinuous phase of the emulsion is well dispersed into the external or
continuous phase and maintained in this form through the means of emulsifiers or the
viscosity of the formulation. Either of the phases of the emulsion can be a semisolid or a

solid, as is the case of emulsion-style ointment bases and creams. Other means of
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stabilizing emulsions entail the use of emulsifiers that can be incorporated into either
phase of the emulsion. Emulsifiers can broadly be classified into four categories:
synthetic surfactants, naturally occurring emulsifiers, absorption bases, and finely
dispersed solids (see e.g., Ansel's Pharmaceutical Dosage Forms and Drug Delivery
Systems, Allen, LV., Popovich NG., and Ansel HC., 2004, Lippincott Williams &
Wilkins (8th ed.), New York, NY; Idson, in Pharmaceutical Dosage Forms, Lieberman,
Rieger and Banker (Eds.), 1988, Marcel Dekker, Inc., New York, N.Y., volume 1, p.
199).

Synthetic surfactants, also known as surface active agents, have found wide
applicability in the formulation of emulsions and have been reviewed in the literature
(see e.g., Ansel's Pharmaceutical Dosage Forms and Drug Delivery Systems, Allen, LV.,
Popovich NG., and Ansel HC., 2004, Lippincott Williams & Wilkins (8th ed.), New
York, NY; Rieger, in Pharmaceutical Dosage Forms, Lieberman, Rieger and Banker
(Eds.), 1988, Marcel Dekker, Inc., New York, N.Y., volume 1, p. 285; Idson, in
Pharmaceutical Dosage Forms, Lieberman, Rieger and Banker (Eds.), Marcel Dekker,
Inc., New York, N.Y., 1988, volume 1, p. 199). Surfactants are typically amphiphilic
and comprise a hydrophilic and a hydrophobic portion. The ratio 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 selecting surfactants in the
preparation of formulations. Surfactants can be classified into different classes based on
the nature of the hydrophilic group: nonionic, anionic, cationic and amphoteric (see e.g.,
Ansel's Pharmaceutical Dosage Forms and Drug Delivery Systems, Allen, LV.,
Popovich NG., and Ansel HC., 2004, Lippincott Williams & Wilkins (8th ed.), New
York, NY Rieger, in Pharmaceutical Dosage Forms, Lieberman, Rieger and Banker
(Eds.), 1988, Marcel Dekker, Inc., New York, N.Y., volume 1, p. 285).

Naturally occurring emulsifiers used in emulsion formulations include lanolin,
beeswax, phosphatides, lecithin, and acacia. Absorption bases possess hydrophilic
properties such that they can soak up water to form w/o emulsions yet retain their
semisolid consistencies, such as anhydrous lanolin and hydrophilic petrolatum. Finely
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, nonswelling clays such as bentonite, attapulgite, hectorite,
kaolin, montmorillonite, colloidal aluminum silicate and colloidal magnesium aluminum
silicate, pigments, and nonpolar solids such as carbon or glyceryl tristearate.

A large variety of non-emulsifying materials are also included in emulsion
formulations and contribute to the properties of emulsions. These include fats, oils,
waxes, fatty acids, fatty alcohols, fatty esters, humectants, hydrophilic colloids,

preservatives and antioxidants (Block, in Pharmaceutical Dosage Forms, Lieberman,
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Rieger and Banker (Eds.), 1988, Marcel Dekker, Inc., New York, N.Y., volume 1, p.
335; Idson, in Pharmaceutical Dosage Forms, Lieberman, Rieger and Banker (Eds.),
1988, Marcel Dekker, Inc., New York, N.Y., volume 1, p. 199).

Hydrophilic colloids or hydrocolloids include naturally occurring gums and
synthetic polymers such as polysaccharides (for example, acacia, agar, alginic acid,
carrageenan, guar gum, karaya gum, and tragacanth), cellulose derivatives (for example,
carboxymethylcellulose and carboxypropylcellulose), and synthetic polymers (for
example, carbomers, cellulose ethers, and carboxyvinyl polymers). These disperse or
swell in water to form colloidal solutions that stabilize emulsions by forming strong
interfacial films around the dispersed-phase droplets and by increasing the viscosity of
the external phase.

Since emulsions often contain a number of ingredients such as carbohydrates,
proteins, sterols, and phosphatides that can readily support the growth of microbes, these
formulations often incorporate preservatives. Commonly used preservatives included in
emulsion formulations include methyl paraben, propyl paraben, quaternary ammonium
salts, benzalkonium chloride, esters of p-hydroxybenzoic acid, and boric acid.
Antioxidants are 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 such 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 methods for their manufacture have been reviewed in the literature (see e.g.,
Ansel's Pharmaceutical Dosage Forms and Drug Delivery Systems, Allen, LV.,
Popovich NG., and Ansel HC., 2004, Lippincott Williams & Wilkins (8th ed.), New
York, NY; Idson, in Pharmaceutical Dosage Forms, Lieberman, Rieger and Banker
(Eds.), 1988, Marcel Dekker, Inc., New York, N.Y., volume 1, p. 199). Emulsion
formulations for oral delivery have been very widely used because of ease of
formulation, as well as efficacy from an absorption and bioavailability standpoint (see
e.g., Ansel's Pharmaceutical Dosage Forms and Drug Delivery Systems, Allen, LV.,
Popovich NG., and Ansel HC., 2004, Lippincott Williams & Wilkins (8th ed.), New
York, NY; Rosoff, in Pharmaceutical Dosage Forms, Lieberman, Rieger and Banker
(Eds.), 1988, Marcel Dekker, Inc., New York, N.Y., volume 1, p. 245; Idson, in
Pharmaceutical Dosage Forms, Lieberman, Rieger and Banker (Eds.), 1988, Marcel
Dekker, Inc., New York, N.Y., volume 1, p. 199). Mineral-oil base laxatives, oil-soluble
vitamins, and high fat nutritive preparations are among the materials that have

commonly been administered orally as o/w emulsions.
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ii. Microemulsions

In one embodiment of the present invention, the compositions of iRNAs and
nucleic acids are formulated as microemulsions. A microemulsion can be defined as a
system of water, oil and amphiphile which is a single optically isotropic and
thermodynamically stable liquid solution (see e.g., Ansel's Pharmaceutical Dosage
Forms and Drug Delivery Systems, Allen, LV., Popovich NG., and Ansel HC., 2004,
Lippincott Williams & Wilkins (8th ed.), New York, NY; Rosoff, in Pharmaceutical
Dosage Forms, Lieberman, Rieger and Banker (Eds.), 1988, Marcel Dekker, Inc., New
York, N.Y., volume 1, p. 245). Typically microemulsions are systems that are prepared
by first dispersing an oil in an aqueous surfactant solution and then adding a sufficient
amount of a fourth component, generally an intermediate chain-length alcohol to form a
transparent system. Therefore, microemulsions have also been described as
thermodynamically stable, isotropically clear dispersions of two immiscible liquids that
are stabilized by interfacial films of surface-active molecules (Leung and Shah, in:
Controlled Release of Drugs: Polymers and Aggregate Systems, Rosoff, M., Ed., 1989,
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/0) or
an oil-in-water (o/w) type is dependent on the properties of the oil and surfactant used
and on the structure and geometric packing of the polar heads and hydrocarbon tails of
the surfactant molecules (Schott, in Remington's Pharmaceutical Sciences, Mack
Publishing Co., Easton, Pa., 1985, p. 271).

The phenomenological approach utilizing phase diagrams has been extensively
studied and has yielded a comprehensive knowledge, to one skilled in the art, of how to
formulate microemulsions (see e.g., Ansel's Pharmaceutical Dosage Forms and Drug
Delivery Systems, Allen, LV., Popovich NG., and Ansel HC., 2004, Lippincott Williams
& Wilkins (8th ed.), New York, NY; Rosoff, in Pharmaceutical Dosage Forms,
Lieberman, Rieger and Banker (Eds.), 1988, 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, microemulsions offer the advantage of
solubilizing water-insoluble drugs in a formulation of thermodynamically stable droplets
that are formed spontaneously.

Surfactants used in the preparation of microemulsions include, but are not
limited to, ionic surfactants, non-ionic surfactants, Brij™ 96, polyoxyethylene oleyl
ethers, polyglycerol fatty acid esters, tetraglycerol monolaurate (ML310), tetraglycerol
monooleate (MO310), hexaglycerol monooleate (PO310), hexaglycerol pentaoleate
(PO500), decaglycerol monocaprate (MCA750), decaglycerol monooleate (MO750),
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decaglycerol sequioleate (SO750), decaglycerol decaoleate (DAQO750), alone or in
combination with cosurfactants. The cosurfactant, usually a short-chain alcohol such as
ethanol, 1-propanol, or 1-butanol, serves to increase the interfacial fluidity by
penetrating into the surfactant film and consequently creating a disordered film because
of the void space generated among surfactant molecules. Microemulsions can, however,
be prepared without the use of cosurfactants and alcohol-free self-emulsifying
microemulsion systems are known in the art. The aqueous phase can typically be, but is
not limited to, water, an aqueous solution of the drug, glycerol, PEG300, PEG400,
polyglycerols, propylene glycols, and derivatives of ethylene glycol. The oil phase can
include, but is not limited to, materials such as CaptexTM 300, CaptexTM 355, CaprnulTM
MCM, fatty acid esters, medium chain (C8-C12) mono, di, and tri-glycerides,
polyoxyethylated glyceryl fatty acid esters, fatty alcohols, polyglycolized glycerides,
saturated polyglycolized C8-C10 glycerides, vegetable oils, and silicone oil.

Microemulsions are particularly of interest from the standpoint of drug
solubilization and the enhanced absorption of drugs. Lipid based microemulsions (both
o/w and w/o0) have been proposed to enhance the oral bioavailability of drugs, including
peptides (see e.g., U.S. Patent Nos. 6,191,105; 7,063,860; 7,070,802; 7,157,099;
Constantinides et al., Pharmaceutical Research, 1994, 11, 1385-1390; Ritschel, 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
fluidity 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; 7,063,860; 7,070,802; 7,157,099; Constantinides ef al., Pharmaceutical
Research, 1994, 11, 1385; Ho er al., J. Pharm. Sci., 1996, 85, 138-143). Often
microemulsions can form spontaneously when their components are brought together at
ambient temperature. This can be particularly advantageous when formulating
thermolabile drugs, peptides or iRNAs. Microemulsions have also been effective in the
transdermal delivery of active components in both cosmetic and pharmaceutical
applications. It is expected that the microemulsion compositions and formulations of the
present invention will facilitate the increased systemic absorption of iRNAs and nucleic
acids from the gastrointestinal tract, as well as improve the local cellular uptake of
iRNAs and nucleic acids.

Microemulsions of the present invention can also contain additional components
and additives such as sorbitan monostearate (Grill 3), Labrasol, and penetration
enhancers to improve 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
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broad categories--surfactants, fatty acids, bile salts, chelating agents, and non-chelating
non-surfactants (Lee et al., Critical Reviews in Therapeutic Drug Carrier Systems, 1991,
p- 92). Each of these classes has been discussed above.

iti. Microparticles

an RNAI agent of the invention may be incorporated into a particle, e.g., a
microparticle. Microparticles can be produced by spray-drying, but may also be
produced by other methods including lyophilization, evaporation, fluid bed drying,
vacuum drying, or a combination of these techniques.

iv. Penetration Enhancers

In one embodiment, the present invention employs various penetration enhancers
to effect the efficient delivery of nucleic acids, particularly iRNAs, to the skin of
animals. Most drugs are present in solution in both ionized and nonionized forms.
However, usually only lipid soluble or lipophilic drugs readily cross cell membranes. It
has been discovered that even non-lipophilic drugs can cross cell membranes if the
membrane to be crossed is treated with a penetration enhancer. In addition to aiding the
diffusion of non-lipophilic drugs across cell membranes, penetration enhancers 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 agents, and non-chelating
non-surfactants (see e.g., Malmsten, M. Surfactants and polymers in drug delivery,
Informa Health Care, New York, NY, 2002; Lee et al., Critical Reviews in Therapeutic
Drug Carrier Systems, 1991, p.92). Such compounds are well known in the art.

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 thereof, which is inert (i.e., does not possess biological activity
per se) but is recognized as a nucleic acid by in vivo processes that reduce the
bioavailability 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 acid and 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 extracirculatory reservoirs, presumably due to
competition between the carrier compound and the nucleic 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, polycytidic
acid or 4-acetamido-4'isothiocyano-stilbene-2,2'-disulfonic acid (Miyao et al., DSRNA
Res. Dev., 1995, 5, 115-121; Takakura et al., DsSRNA & Nucl. Acid Drug Dev., 1996, 6,
177-183.
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Vi. Excipients

In contrast to a carrier compound, a “pharmaceutical carrier” or “excipient” is a
pharmaceutically acceptable solvent, suspending agent or any other pharmacologically
inert vehicle for delivering one or more nucleic acids to an animal. The excipient can be
liquid 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 pharmaceutical
carriers include, but are not limited to, binding agents (e.g., pregelatinized maize starch,
polyvinylpyrrolidone or hydroxypropyl methylcellulose, ezc.); fillers (e.g., lactose and
other sugars, microcrystalline cellulose, pectin, gelatin, calcium sulfate, ethyl cellulose,
polyacrylates or calcium hydrogen phosphate, ezc.); lubricants (e.g., magnesium stearate,
talc, silica, colloidal silicon dioxide, stearic acid, metallic stearates, hydrogenated
vegetable oils, corn starch, polyethylene glycols, sodium benzoate, sodium acetate, etc.);
disintegrants (e.g., starch, sodium starch glycolate, efc.); and wetting agents (e.g.,
sodium lauryl sulphate, ezc).

Pharmaceutically acceptable organic or inorganic excipients suitable for non-
parenteral administration which do not deleteriously react with nucleic acids can also be
used to formulate the compositions of the present invention. Suitable pharmaceutically
acceptable carriers include, but are not limited to, water, salt solutions, alcohols,
polyethylene glycols, gelatin, lactose, amylose, magnesium stearate, talc, silicic acid,
viscous paraffin, hydroxymethylcellulose, polyvinylpyrrolidone; and the like.

Formulations for topical administration of nucleic acids can include sterile and
non-sterile aqueous solutions, non-aqueous solutions in common solvents such as
alcohols, or solutions of the nucleic acids in liquid or solid oil bases. The solutions can
also contain buffers, diluents, and other suitable additives. Pharmaceutically acceptable
organic or inorganic 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 limited to,
water, salt solutions, alcohol, polyethylene glycols, gelatin, lactose, amylose,
magnesium stearate, talc, silicic acid, viscous paraffin, hydroxymethylcellulose,
polyvinylpyrrolidone, and the like.

vii. Other Components

The compositions of the present invention can additionally contain other adjunct
components conventionally found in pharmaceutical compositions, at their art-
established usage levels. Thus, for example, the compositions can contain additional,
compatible, pharmaceutically-active materials such as, for example, antipruritics,
astringents, local anesthetics or anti-inflammatory agents, or can contain additional

materials useful in physically formulating various dosage forms of the compositions of
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the present invention, such as dyes, flavoring agents, preservatives, antioxidants,
opacifiers, thickening agents, and stabilizers. However, such materials, when added,
should not unduly interfere with the biological activities of the components of the
compositions of the present invention. The formulations can be sterilized and, if
desired, mixed with auxiliary agents, e.g., lubricants, preservatives, stabilizers, wetting
agents, emulsifiers, salts for influencing osmotic pressure, buffers, colorings, flavorings,
and/or aromatic substances; and the like which do not deleteriously interact with the
nucleic acid(s) of the formulation.

Aqueous suspensions can contain substances which increase the viscosity of the
suspension including, for example, sodium carboxymethylcellulose, sorbitol, and/or
dextran. The suspension can also contain stabilizers.

In some embodiments, pharmaceutical compositions featured in the invention
include (a) one or more iRNA compounds and (b) one or more agents which function by
a non-RNA1 mechanism and which are useful in treating a GCK-associated disorder.
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 LDs (the dose lethal to 50% of the population) and the EDsj (the dose
therapeutically effective in 50% of the population). The dose ratio between toxic and
therapeutic effects is the therapeutic index and it can be expressed as the ratio
LDso/EDsp. 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
include the EDsp with little or no toxicity. The dosage can vary within this range
depending upon the dosage form employed and the route of administration utilized. For
any compound used in the methods featured in the invention, the therapeutically
effective dose can be estimated initially from cell culture assays. A dose can be
formulated in animal models to achieve a circulating plasma concentration range of the
compound or, when appropriate, of the polypeptide product of a target sequence (e.g.,
achieving a decreased concentration of the polypeptide) that includes the ICsg (i.e., the
concentration of the test compound which achieves a half-maximal inhibition of
symptoms) as determined in cell culture. Such information can be used to more
accurately determine useful doses in humans. Levels in plasma can be measured, for
example, by high performance liquid chromatography.

In addition to their administration, as discussed above, the iRNAs featured in the
invention can be administered in combination with other known agents effective in
treatment of pathological processes mediated by GCK expression. In any event, the

administering physician can adjust the amount and timing of iRNA administration on the
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basis of results observed using standard measures of efficacy known in the art or

described herein.

VI. Methods of the Invention

The present invention also provides methods of using an iRNA of the invention
and/or a composition containing an iRNA of the invention to reduce and/or inhibit
glucokinase (GCK) expression in a cell. The methods include contacting the cell with a
dsRNA of the invention and maintaining the cell for a time sufficient to obtain
degradation of the mRNA transcript of a GCK gene, thereby inhibiting expression of the
GCK gene in the cell. Reduction in gene expression can be assessed by any methods
known in the art. For example, a reduction in the expression of GCK may be
determined by determining the mRNA expression level of GCK using methods routine
to one of ordinary skill in the art, e.g., northern blotting, qRT-PCR; by determining the
protein level of GCK using methods routine to one of ordinary skill in the art, such as
western blotting, immunological techniques. A reduction in the expression of GCK may
also be assessed indirectly by measuring a decrease in biological activity of GCK.

In the methods of the invention the cell may be contacted in vitro or in vivo, i.e.,
the cell may be within a subject.

A cell suitable for treatment using the methods of the invention may be any cell
that expresses a GCK gene. A cell suitable for use in the methods of the invention may
be a mammalian cell, e.g., a primate cell (such as a human cell or a non-human primate
cell, e.g., a monkey cell or a chimpanzee cell), a non-primate cell (such as a cow cell, a
pig cell, a camel cell, a llama cell, a horse cell, a goat cell, a rabbit cell, a sheep cell, a
hamster, a guinea pig cell, a cat cell, a dog cell, a rat cell, a mouse cell, a lion cell, a tiger
cell, a bear cell, or a buffalo cell), a bird cell (e.g., a duck cell or a goose cell), or a
whale cell. In one embodiment, the cell is a human cell, e.g., a human liver cell.

GCK expression is inhibited in the cell by at least about 5, 6,7, 8, 9, 10, 11, 12,
13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35,
36,37, 38, 39, 40, 41, 42, 43, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59,
60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70,71, 72, 73,74, 75, 76,77, 78, 79, 80, 81, 82,
83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, or about 100%. In
preferred embodiments, GCK expression is inhibited by at least 20%.

The in vivo methods of the invention may include administering to a subject a
composition containing an iRNA, where the iRNA includes a nucleotide sequence that is
complementary to at least a part of an RNA transcript of the GCK gene of the mammal
to be treated. When the organism to be treated is a mammal such as a human, the
composition can be administered by any means known in the art including, but not

limited to oral, intraperitoneal, or parenteral routes, including intracranial (e.g.,
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intraventricular, intraparenchymal, and intrathecal), intravenous, intramuscular,
subcutaneous, transdermal, airway (aerosol), nasal, rectal, and topical (including buccal
and sublingual) administration. In certain embodiments, the compositions are
administered by intravenous infusion or injection. In certain embodiments, the
compositions are administered by subcutaneous injection.

In some embodiments, the administration is via a depot injection. A depot
injection may release the iRNA in a consistent way over a prolonged time period. Thus,
a depot injection may reduce the frequency of dosing needed to obtain a desired effect,
e.g., a desired inhibition of GCK, or a therapeutic or prophylactic effect. A depot
injection may also provide more consistent serum concentrations. Depot injections may
include subcutaneous injections or intramuscular injections. In preferred embodiments,
the depot injection is a subcutaneous injection.

In some embodiments, the administration is via a pump. The pump may be an
external pump or a surgically implanted pump. In certain embodiments, the pump is a
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 infusions. In preferred embodiments, the infusion pump is a subcutaneous
infusion pump. In other embodiments, the pump is a surgically implanted pump that
delivers the iRNA to the liver.

The mode of administration may be chosen based upon whether local or systemic
treatment is desired and based upon the area to be treated. The route and site of
administration may be chosen to enhance targeting.

In one aspect, the present invention also provides methods for inhibiting the
expression of a GCK gene in a mammal. The methods include administering to the
mammal a composition comprising a dSRNA that targets a GCK gene in a cell of the
mammal and maintaining the mammal for a time sufficient to obtain degradation of the
mRNA transcript of the GCK gene, thereby inhibiting expression of the GCK gene in
the cell. Reduction in gene expression can be assessed by any methods known it the art
and by methods, e.g. qRT-PCR, described herein. Reduction in protein production can
be assessed by any methods known it the art and by methods, e.g. ELISA, described
herein. In one embodiment, a puncture liver biopsy sample serves as the tissue material
for monitoring the reduction in GCK gene and/or protein expression.

The present invention further provides methods of treatment of a subject in need
thereof. The treatment methods of the invention include administering an iRNA of the
invention to a subject, e.g., a subject that would benefit from a reduction and/or
inhibition of GCK expression, in a therapeutically effective amount of an iRNA
targeting a GCK gene or a pharmaceutical composition comprising an iRNA targeting a
GCK gene.
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In addition, the present invention provides methods of increasing the blood
glucose levels, e.g., fasting blood glucose levels, in a subject having a disease or
disorder that would benefit from a reduction in GCK expression. The methods include
administering an iRNA of the invention to the subject in a therapeutically effective
amount of an iIRNA targeting a GCK gene or a pharmaceutical composition comprising
an iIRNA targeting a GCK gene.

Further, the present invention provides methods of decreasing plasma lactate
levels in a subject having a disease or disorder that would benefit from a reduction in
GCK expression, e.g., a GSD, e.g., type Ia GSD. The methods include administering an
iRNA of the invention to the subject in a therapeutically effective amount of an iRNA
targeting a GCK gene or a pharmaceutical composition comprising an iRNA targeting a
GCK gene.

The present invention also provides methods of decreasing plasma uric acid
levels in a subject having a disease or disorder that would benefit from a reduction in
GCK expression, e.g., a GSD, e.g., type Ia GSD. The methods include administering an
iRNA of the invention to the subject in a therapeutically effective amount of an iRNA
targeting a GCK gene or a pharmaceutical composition comprising an iRNA targeting a
GCK gene.

The present invention provides methods of decreasing plasma triglyceride levels
in a subject having a disease or disorder that would benefit from a reduction in GCK
expression, e.g., a GSD, e.g., type Ia GSD. The methods include administering an iRNA
of the invention to the subject in a therapeutically effective amount of an iRNA targeting
a GCK gene or a pharmaceutical composition comprising an iRNA targeting a GCK
gene.

The present invention further provides methods of decreasing total plasma
cholesterol levels in a subject having a disease or disorder that would benefit from a
reduction in GCK expression, e.g., a GSD, e.g., type Ia GSD. The methods include
administering an iRNA of the invention to the subject in a therapeutically effective
amount of an iIRNA targeting a GCK gene or a pharmaceutical composition comprising
an iIRNA targeting a GCK gene.

The present invention also provides methods of decreasing hepatomegaly in a
subject having a disease or disorder that would benefit from a reduction in GCK
expression, e.g., a GSD, e.g., type Ia GSD. The methods include administering an iRNA
of the invention to the subject in a therapeutically effective amount of an iRNA targeting
a GCK gene or a pharmaceutical composition comprising an iRNA targeting a GCK

gene.
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An iRNA of the invention may be administered as a “free iRNA.” A free iRNA
is administered in the absence of a pharmaceutical composition. The naked iRNA may
be in a suitable buffer solution. The buffer solution 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 iRNA can be adjusted such that it is suitable for
administering to a subject.

Alternatively, an iRNA of the invention may be administered as a
pharmaceutical composition, such as a dsRNA liposomal formulation.

Subjects that would benefit from a reduction and/or inhibition of GCK gene
expression include those having a glycogen storage disease (GSD), e.g., type Ia GSD. In
one embodiment, subjects that would benefit from a reduction and/or inhibition of GCK
gene expression are those having one or more signs or symptoms associated with a
glycogen storage disease (GSD), e.g., type Ia GSD, including, but not limited to,
hypoglycemia, lactic acidosis, hyperuricemia, hyperlipidemia, hepatomegaly, kidney
disease as a result of glycogen accumulation, hunger, jitteriness, lethargy, apnea,
seizures, diaphoresis, confusion, headaches, dizziness, unusual mood or behavior
changes, loss of consciousness, coma, muscle cramps, bleeding diathesis, short stauture,
osteoporosis, delayed puberty, gout, renal disease, systemic hypertension, pulmonary
hypertension, hepatic adenomas, pancreatitis, anemia, vitamin D deficiency, polycystic
ovaries, irregular menstrual cycles, menorrhagia, and eruptive xanthomata.

Treatment of a subject that would benefit from a reduction and/or inhibition of
GCK gene expression and normalization of blood glucose levels includes therapeutic
treatment (e.g., of a subject suffering from a glycogen storage disease (GSD)) and
prophylactic treatment (e.g., of a subject that does not meet the diagnostic criteria of a
glycogen storage disease (GSD), or a subject who may be at risk of developing a
glycogen storage disease (GSD)).

The invention further provides methods for the use of an iRNA or a
pharmaceutical composition thereof, e.g., for treating a subject that would benefit from
reduction and/or inhibition of GCK expression, e.g., a subject having a glycogen storage
disease (GSD), e.g.,type Ia GSD, in combination with other pharmaceuticals and/or
other therapeutic methods, e.g., with known pharmaceuticals and/or known therapeutic
methods, such as, for example, those which are currently employed for treating these
disorders. For example, in certain embodiments, an iRNA targeting GCK is
administered to a subject having a GSD in combination with, e.g., antihypertensive
agents, such as Diazoxide, somatostatin analogues, such as Octreotide, calcium channel
blockers, such as, Nifedipine, Thiazide diuretics, such as chlorothiazide (e.g., in

combination with Diazoxide), intravenous infusion of glucagon, parenterally
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adminsitered dextrose; and/or partial pancreatectomy. In some embodiments, an iRNA
targeting GCK is administered to a subject having type Ia GSD in combination with,
e.g., a sodium-glucose co-transporter 2 (SGLT2) inhibitor, e.g., Dapagliflozin,
Canagliflozin, Ipragliflozin (ASP-1941), Tofogliflozin, Empagliflozin, Sergliflozin
etabonate, Remogliflozin etabonate (BHV091009), and Ertugliflozin (PF-04971729 /
MK-8835).

The iIRNA and additional therapeutic agents may be administered at the same
time and/or in the same combination, e.g., parenterally, or the additional therapeutic
agent can be administered as part of a separate composition or at separate times and/or
by another method known in the art or described herein.

In one embodiment, the method includes administering a composition featured
herein such that expression of the target GCK gene is decreased, such as for about 1, 2,
3,4,5,6,7,8,12, 16, 18, 24 hours, 28, 32, or abour 36 hours. In one embodiment,
expression of the target GCK gene is decreased for an extended duration, e.g., at least
about two, three, four days or more, e.g., about one week, two weeks, three weeks, or
four weeks or longer.

Preferably, the iRNAs useful for the methods and compositions featured herein
specifically target RNAs (primary or processed) of the target GCK gene. Compositions
and methods for inhibiting the expression of these genes using iRNAs can be prepared
and performed as described herein.

Administration of the dsSRNA according to the methods of the invention may
result in a reduction of the severity, signs, symptoms, and/or markers of such diseases or
disorders in a patient with a glycogen storage disease (GSD), e.g., type Ia GSD. By
“reduction” in this context is meant a statistically significant decrease in such level. The
reduction can be, for example, at least about 20%, 25%, 30%, 35%, 40%, 45%, 50%,
55%, 60%, 65%. 10%, 15%, 80%, 85%, 90%, 95%, or 100%.

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
disease marker, or any other measurable parameter appropriate for a given disease being
treated or targeted for prevention. It is well within the ability of one skilled in the art to
monitor efficacy of treatment or prevention by measuring any one of such parameters, or
any combination of parameters. For example, efficacy of treatment of a glycogen
storage disease (GSD) may be assessed, for example, by periodic monitoring of, e.g.,
blood glucose levels. Comparisons of the later readings with the initial readings provide
a physician an indication of whether the treatment is effective. It is well within the
ability of one skilled in the art to monitor efficacy of treatment or prevention by

measuring any one of such parameters, or any combination of parameters. In connection
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with the administration of an iRNA targeting GCK or pharmaceutical composition
thereof, "effective against" a glycogen storage disease (GSD) indicates that
administration in a clinically appropriate manner results in a beneficial effect for at least
a statistically significant fraction of patients, such as a improvement of symptoms, a
cure, a reduction in disease, extension of life, improvement in quality of life, or other
effect generally recognized as positive by medical doctors familiar with treating a
glycogen storage disease (GSD) and the related causes and effects.

A treatment or preventive effect is evident when there is a statistically significant
improvement in one or more parameters of disease 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 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 drug or formulation of that drug can also 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 is evidenced when a statistically
significant reduction in a marker or symptom is observed.

Alternatively, the efficacy can be measured by a reduction in the severity of
disease as determined by one skilled in the art of diagnosis based on a clinically
accepted disease severity grading scale such as those provided above. Any positive
change resulting in e.g., lessening of severity of disease measured using the appropriate
scale, represents adequate treatment using an iRNA or iRNA formulation as described
herein.

Subjects can be administered a therapeutic amount of dsRNA, such as about 0.01
mg/kg to about 200 mg/kg.

The iRNA can be administered by intravenous infusion over a period of time, on
a regular basis. In certain embodiments, after an initial treatment regimen, the
treatments can be administered on a less frequent basis. Administration of the iRNA can
reduce GCK levels, e.g., in a cell, tissue, blood, urine, or other compartment of the
patient by at least about 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36,
37,38, 39,40, 41, 42, 43, 44, 45, 46, 47, 48, 39, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59,
60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70,71, 72, 73,74, 75, 76,77, 78, 79, 80, 81, 82,
83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, or 99% or more.

Before administration of a full dose of the iRNA, patients can be administered a
smaller dose, such as a 5% infusion reaction, and monitored for adverse effects, such as
an allergic reaction. In another example, the patient can be monitored for unwanted
immunostimulatory effects, such as increased cytokine (e.g., TNF-alpha or INF-alpha)

levels.
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Alternatively, the iRNA can be administered subcutaneously, i.e., by
subcutaneous injection. One or more injections may be used to deliver the desired daily
dose of iIRNA to a subject. The injections may be repeated over a period of time. The
administration may be repeated on a regular basis. In certain embodiments, after an
initial treatment regimen, the treatments can be administered on a less frequent basis. A
repeat-dose regimen may include administration of a therapeutic amount of iRNA on a
regular basis, such as every other day or to once a year. In certain embodiments, the
iRNA is administered about once per month to about once per quarter (i.e., about once

every three months).

Unless otherwise defined, all technical and scientific terms used herein have the
same meaning as commonly understood by one of ordinary skill in the art 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 invention, suitable methods and materials are described below. All
publications, patent applications, patents, and other references mentioned herein are
incorporated by reference in their entirety. In case of conflict, the present specification,
including definitions, will control. In addition, the materials, methods, and examples are

illustrative only and not intended to be limiting.

EXAMPLES
Example 1. iRNA Design, Synthesis, Selection, and In Vitro Evaluation
This Example describes methods for the design, synthesis, selection, and in vitro
evaluation of GCK iRNA agents.

Source of reagents
Where the source of a reagent is not specifically given herein, such reagent can
be obtained from any supplier of reagents for molecular biology at a quality/purity

standard for application in molecular biology.

Bioinformatics

A set of siRNAs targeting the human GCK, “glucokinase (hexokinase 4)”,
(human: NCBI refseqID NM_033507; NCBI GenelD: 2645), as well as toxicology-
species GCK orthologs (cynomolgus monkey: XM_005549685; mouse: NM_010292;
rat, NM_012565) were designed using custom R and Python scripts. The human
NM_033507 REFSEQ mRNA, version 1, has a length of 2442 bases. The rationale and
method for the set of siRNA designs is as follows: the predicted efficacy for every
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potential 19mer iRNA from position 1 through position 2442 (the coding region and 3’
UTR) was determined with a linear model derived the direct measure of mRNA
knockdown from more than 20,000 distinct iRNA designs targeting a large number of
vertebrate genes. Subsets of the GCK iRNAs were designed with perfect or near-perfect
matches between human, cynomolgus and rhesus monkey. A further subset was
designed with perfect or near-perfect matches to mouse and rat GCK orthologs. For
each strand of the iRNA, a custom Python script was used in a brute force search to
measure the number and positions of mismatches between the iRNA and all potential
alignments in the target species transcriptome. Extra weight was given to mismatches in
the seed region, defined here as positions 2-9 of the antisense oligonucleotide, as well
the cleavage site of the iRNA, defined here as positions 10-11 of the antisense
oligonucleotide. The relative weight of the mismatches was 2.8; 1.2: 1 for seed
mismatches, cleavage site, and other positions up through antisense position 19.
Mismatches in the first position were ignored. A specificity score was calculated for
each strand by assuming the value of each weighted mismatch. Preference was given to
iRNAs whose antisense score in human and cynomolgus monkey was >= 2.0 and

predicted efficacy was >= 50% knockdown of the GCK transcript.

Synthesis of GCK sequences
Svynthesis of GCK Single Strands and Duplexes

GCK siRNA sequences were synthesized at 1 umol scale on Mermade 192

synthesizer (BioAutomation) using the solid support mediated phosphoramidite
chemistry. The solid support was controlled pore glass (500 °A) loaded with custom
GalNAc ligand or universal solid support (AM biochemical). Ancillary synthesis
reagents, 2°-F and 2°-O-Methyl RNA and deoxy phosphoramidites were obtained from
Thermo-Fisher (Milwaukee, WI) and Hongene (China). 2°F, 2°-O-Methyl, RNA, DNA
and other modified nucleosides were introduced in the sequences using the
corresponding phosphoramidites. Synthesis of 3’ GalNAc conjugated single strands was
performed on a GalNAc modified CPG support. Custom CPG universal solid support
was used for the synthesis of antisense single strands. Coupling time for all
phosphoramidites (100 mM in acetonitrile) was 5 min employing 5-Ethylthio-1H-
tetrazole (ETT) as activator (0.6 M in acetonitrile). Phosphorothioate linkages were
generated using a 50 mM solution of 3-((Dimethylamino-methylidene) amino)-3H-1, 2,
4-dithiazole-3-thione (DDTT, obtained from Chemgenes (Wilmington, MA, USA) in
anhydrous acetonitrile/pyridine (1:1 v/v). Oxidation time was 3 minutes. All sequences
were synthesized with final removal of the DMT group (“DMT off”).
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Upon completion of the solid phase synthesis, single strands were cleaved {from
the solid support and deprotected in sealed 96 deep well plates using 200 uL Aqueous
Methylamine reagent at 60 °C for 20 minutes. For sequences containing 2’ ribo residues
(2’-OH) that are protected with tert-butyl dimethyl silyl (TBDMS) group, a second step
deprotection was performed using TEA.3HF (triethylamine trihydro fluoride) reagent.
To the methylamine deprotection solution, 200 puL of dimethyl sulfoxide (DMSO) and
300 ul TEA.3HF reagent was added and the solution was incubated for additional 20min
at 60°C. At the end of cleavage and deprotection step, the synthesis plate was allowed to
come to room temperature and was precipitated by addition of 1mL of acetontile:
ethanol mixture (9:1). The plates were cooled at -80 °C for 2 hrs and the supernatant
decanted carefully with the aid of a multi-channel pipette. The oligonucleotide pellet
was re-suspended in 20mM NaOAc buffer and were desalted using a 5 mL HiTrap size
exclusion column (GE Healthcare) on an AKTA Purifier System equipped with an A905
autosampler and a Frac 950 fraction collector. Desalted samples were collected in 96
well plates. Samples from each sequence were analyzed by LC-MS to confirm the
identity, UV (260 nm) for quantification and a selected set of samples by IEX
chromatography to determine purity.

Annealing of GCK single strands was performed on a Tecan liquid handling
robot. Equimolar mixture of sense and antisense single strands were combined and
annealed in 96 well plates. After combining the complementary single strands, the 96
well plate was sealed tightly and heated in an oven at 100 °C for 10 minutes and allowed
to come slowly to room temperature over a period 2-3 hours. The concentration of each
duplex was normalized to 10uM in 1X PBS and then submitted for in vitro screening

assays.

Cell culture and transfections for single dose and dose response studies

Primary mouse hepatocytes (PMH) (GIBCO) or Primary Cynomolgus monkey
hepatocytes (PCH) (Celsis) were transfected by adding 4.9l of Opti-MEM plus 0.1ul of
Lipofectamine RNAiMax per well (Invitrogen, Carlsbad CA. cat # 13778-150) to 5yl of
siRNA duplexes per well into a 384-well plate and incubated at room temperature for 15
minutes. Forty pl of William’s E Medium (Life Tech) containing about 5 x10° cells
were then added to the siRNA mixture. Cells were incubated for 24 hours prior to RNA
purification. Single dose experiments were performed at 10nM and 0.1nM final duplex

concentration.
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Total RNA isolation using DYNABEADS mRNA Isolation Kit (Invitrogen, part #: 610-
12)

Total RNA was isolated using an automated protocol on a BioTek-EL406
platform using DYNABEADs (Invitrogen, cat#61012). Briefly, 50pl of Lysis/Binding
Buffer and 25l of lysis buffer containing 3l of magnetic beads were added to the plate
with cells. Plates were incubated on an electromagnetic shaker for 10 minutes at room
temperature and then magnetic beads were captured and the supernatant was removed.
Bead-bound RNA was then washed 2 times with 150ul Wash Buffer A and once with
Wash Buffer B. Beads were then washed with 150ul Elution Buffer, re-captured and

supernatant removed.

cDNA synthesis using ABI High capacity cDNA reverse transcription kit (Applied
Biosystems, Foster City, CA, Cat #4368813)

Ten pl of a master mix containing 1pl 10X Buffer, 0.4l 25X dNTPs, 1l 10x
Random primers, 0.5l Reverse Transcriptase, 0.5ul RNase inhibitor and 6.6 of H20
per reaction was added to the RNA isolatedas described above. Plates were sealed,
mixed, and incubated on an electromagnetic shaker for 10 minutes at room temperature,
followed by 2h 37°C. Plates were then incubated at 80°C for 8 minutes.

Real time PCR

Two pl of cDNA was added to a master mix containing 0.5ul GAPDH TagMan
Probe (Applied Biosystems Cat #4326317E), or 0.5ul of Custom made Cyno GAPDH
Tagman Probe, 0.5u1 GCK mouse probe (Mm00439129 m1) or 0.5ul cyno probe
(Mf02827184 m1) and 5ul Lightcycler 480 probe master mix (Roche Cat #
04887301001) per well in a 384 well plate (Roche cat # 04887301001). Real time PCR
is done in an Roche Lightcycler Real Time PCR system (Roche) using the AACt(RQ)
assay. Each duplex was tested in two independent transfections.

To calculate relative fold change, real time data are analyzed using the AACt
method and normalized to assays performed with cells transfected with a non-targeting
control siRNA, AD-1955

The sense and antisense sequences of AD-1955 are:

SENSE: cunAcGecuGAGuAcuucGAdTsdT (SEQ ID NO: 29)

ANTISENSE: UCGAAGUACUcAGCGuUAAGATsdT (SEQ ID NO: 30).
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Table 1: Abbreviations of nucleotide monomers used in nucleic acid sequence
representation.
It will be understood that these monomers, when present in an oligonucleotide,

are mutually linked by 5'-3'-phosphodiester bonds.

Abbreviation Nucleotide(s)

A Adenosine-3’-phosphate

Af 2’-fluoroadenosine-3’-phosphate

Afs 2’-fluoroadenosine-3’-phosphorothioate

As adenosine-3’-phosphorothioate

C cytidine-3’-phosphate

Cf 2’-fluorocytidine-3’-phosphate

Cfs 2’-fluorocytidine-3’-phosphorothioate

Cs cytidine-3’-phosphorothioate

G guanosine-3’-phosphate

Gf 2’-fluoroguanosine-3’-phosphate

Gfs 2’-fluoroguanosine-3’-phosphorothioate

Gs guanosine-3’-phosphorothioate

T 5’-methyluridine-3’-phosphate

Tf 2’ -fluoro-5-methyluridine-3’-phosphate

Tfs 2’-fluoro-5-methyluridine-3’-phosphorothioate
Ts S-methyluridine-3’-phosphorothioate

U Uridine-3’-phosphate

Uf 2’-fluorouridine-3’-phosphate

Ufs 2’-fluorouridine -3’-phosphorothioate

Us uridine -3’-phosphorothioate

N any nucleotide (G, A, C, T or U)

a 2'-O-methyladenosine-3’-phosphate

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

cs 2'-O-methylcytidine-3’- phosphorothioate

g 2'-O-methylguanosine-3’-phosphate

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

us 2'-O-methyluridine-3’-phosphorothioate

S phosphorothioate linkage
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Abbreviation Nucleotide(s)
L96 N-[tris(GalNAc-alkyl)-amidodecanoyl)]-4-hydroxyprolinol Hyp-
(GalNAc-alkyD)3
dT 2 -deoxythymidine-3"-phosphate
dC 2 -deoxycytidine-3"-phosphate

10

A detailed list of the unmodified GCK sense and antisense strand sequences is

shown in Table 2 and a detailed list of the modified GCK sense and antisense strand

sequences is shown in Table 3.

Table 4 shows the results of a single dose screen in primary mouse hepatocytes

transfected with the indicated modified siRNAs. Data are expressed as percent of

message remaining relative to cells treated with a non-targeting control siRNA.

Table 5 shows the results of a single dose screen in primary Cynomologous

hepatocytes transfected with the indicated modified siRNAs. Data are expressed as

percent of message remaining relative to cells treated with a non-targeting control

siRNA.
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Table 4. GCK Single Dose Screen in Primary Mouse Hepatocytes

Primary Mouse Hepatocytes

Duplex Name 10nM Avg 10nM SD 0.InM Avg | 0.1InM SD
AD-69366 82.2 541 70.2 12.8
AD-69368 47.8 53 91.7 3.6
AD-69411 17.6 4.8 279 2.8
AD-69413 15.9 5.1 43.7 4.8
AD-69367 58.2 11.0 92.0 10.5
AD-69369 60.3 10.6 88.0 6.5
AD-69412 24.1 53 71.7 15.6
AD-69414 52.5 7.7 82.7 7.2
AD-69371 77.5 9.7 89.1 12.3
AD-69416 11.8 24 25.1 4.0
AD-69370 99.5 10.1 96.9 5.1
AD-69415 90.3 9.3 913 15.2
AD-69372 279 2.2 49.8 10.2
AD-69417 299 2.1 63.6 12.6
AD-69373 96.7 171 104.7 48.8
AD-69418 86.2 34.0 62.0 9.9
AD-69374 33.7 4.8 71.7 7.8
AD-69419 17.1 32 448 44
AD-69375 72.0 8.3 104.5 53
AD-69420 20.3 2.0 46.6 7.2
AD-69376 22.1 23 59.0 9.7
AD-69377 23.0 2.0 59.2 6.6
AD-69421 16.1 2.1 299 35
AD-69422 15.2 1.2 38.9 24
AD-69378 24.8 2.1 70.1 4.2
AD-69379 11.2 0.9 18.0 32
AD-69423 11.7 1.3 41.1 3.6
AD-69424 9.5 1.6 13.9 35
AD-69381 73.6 133 99.9 36.4
AD-69426 84.5 6.3 76.5 6.1
AD-69382 91.9 5.6 91.6 33
AD-69427 97.6 2.5 88.8 4.5
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AD-69383 95.9 32 100.5 93
AD-69428 32.7 43 66.1 5.0
AD-69384 88.3 9.8 979 8.6
AD-69429 90.7 10.6 95.9 57
AD-69385 29.2 4.2 45.1 4.4
AD-69386 92.5 9.0 97.8 9.8
AD-69430 21.2 1.4 31.8 2.1
AD-69387 69.7 9.0 77.8 7.1
AD-69432 69.5 32 79.6 13.6
AD-69388 66.9 11.3 84.7 11.9
AD-69389 76.3 18.3 86.9 6.0
AD-69433 70.0 2.6 76.4 5.0
AD-69434 97.6 6.6 71.6 9.5
AD-69391 21.7 5.1 59.8 5.6
AD-69436 19.9 19 54.3 14.6
AD-69392 39.2 4.8 81.5 12.7
AD-69402 32.2 5.1 62.9 12.4
AD-69393 349 54 78.5 13.0
AD-69437 14.0 2.5 273 4.6
AD-69438 11.7 0.7 28.4 2.5
AD-69395 28.2 6.8 55.4 12.2
AD-69440 19.4 2.8 347 7.3
AD-69396 29.7 3.0 572 9.8
AD-69441 23.8 4.1 44.6 7.4
AD-69397 39.5 11.8 67.9 11.6
AD-69442 29.3 24 40.1 8.4
AD-69394 394 4.2 79.5 3.2
AD-69439 37.6 32 65.9 3.0
AD-69398 922 9.6 111.3 16.2
AD-69443 1151 14.5 97.4 5.1
AD-69380 23.6 32 65.0 11.2
AD-69425 11.9 1.2 29.4 6.5
AD-69403 64.2 13.0 77.0 13.9
AD-69447 87.4 7.9 84.3 11.7
AD-69404 67.2 10.6 839 16.6

111



WO 2016/209862 PCT/US2016/038616

AD-69405 69.0 109 86.1 23.6
AD-69448 107.8 6.4 120.4 36.9
AD-69449 129.6 374 120.2 6.4
AD-69406 63.8 4.7 91.7 10.8
AD-69450 &4.5 12.4 109.5 53
AD-69390 16.9 42 38.9 11.6
AD-69435 9.0 1.5 209 3.5
AD-69408 67.3 4.7 83.6 163
AD-69452 92.6 10.4 111.8 5.1
AD-69409 74.8 4.8 79.7 12.3
AD-69453 87.2 1.4 93.7 3.0
AD-69410 71.2 4.9 90.2 94
AD-69454 90.0 109 86.0 7.8
AD-69399 24.4 2.5 45.8 6.1
AD-69445 16.0 0.6 44.4 4.4
AD-69400 12.2 1.4 34.8 23
AD-69446 14.9 1.3 304 29
AD-69401 15.4 1.6 29.4 4.9
AD-69451 6.9 1.3 19.2 3.6
AD-69407 4.1 04 11.8 2.8
AD-1955 101.283 16.1184

Table 5. GCK Single Dose Screen in Primary Cynomologous Hepatocytes

Primary Cyno Hepatocytes
duplexName 10nM Avg 10nM SD 0.InM Avg | 0.1InM SD
AD-69366 29.8 14.3 374 9.3
AD-69368 12.2 4.6 28.1 4.9
AD-69411 14.2 4.5 22.6 10.8
AD-69413 12.1 32 30.0 14.0
AD-69367 14.9 2.6 39.9 7.1
AD-69369 36.6 14.2 54.2 9.5
AD-69412 19.3 6.5 31.2 4.6
AD-69414 26.4 11.9 63.6 8.7
AD-69371 50.2 20.5 91.3 17.3

112



WO 2016/209862 PCT/US2016/038616
AD-69416 24.5 8.3 21.8 3.6
AD-69370 43.4 10.3 69.4 11.6
AD-69415 15.4 6.2 342 13.2
AD-69372 19.8 7.9 23.7 8.7
AD-69417 23.8 10.5 314 16.1
AD-69373 87.7 22.1 66.8 10.6
AD-69418 20.4 4.9 25.7 6.4
AD-69374 24.7 15.0 41.8 6.2
AD-69419 21.9 6.7 32.8 12.9
AD-69375 20.6 55 495 16.0
AD-69420 15.3 29 41.8 21.6
AD-69376 17.7 53 22.4 12.1
AD-69377 21.6 5.6 26.4 6.2
AD-69421 22.1 4.7 22.1 8.9
AD-69422 22.7 5.7 38.2 11.8
AD-69378 14.7 6.6 31.9 26.2
AD-69379 10.5 2.7 14.4 2.9
AD-69423 20.3 8.2 42.2 10.8
AD-69424 20.0 5.1 17.5 10.3
AD-69381 46.6 12.8 56.9 20.6
AD-69426 49.3 8.4 76.7 29.0
AD-69382 74.0 22.7 54.6 14.2
AD-69427 33.9 59 66.3 13.8
AD-69383 63.4 18.6 81.4 22.7
AD-69428 39.4 16.0 69.7 10.0
AD-69384 58.1 17.4 89.1 22.8
AD-69429 30.9 7.3 479 17.9
AD-69385 273 9.2 37.0 7.7
AD-69386 41.4 16.6 61.3 18.6
AD-69430 24.2 8.8 29.8 13.7
AD-69387 28.2 3.0 30.9 11.1
AD-69432 23.5 7.8 24.4 5.3
AD-69388 63.7 11.0 70.8 7.3
AD-69389 59.7 13.8 77.8 15.6
AD-69433 37.0 33 62.2 31.0
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AD-69434 76.3 279 94.1 8.0
AD-69391 22.0 11.2 25.2 10.0
AD-69436 24.5 4.8 413 2.7
AD-69392 233 10.1 52.9 11.4
AD-69402 21.9 7.6 59.1 29.2
AD-69393 229 23 373 2.9
AD-69437 21.8 6.6 304 7.7
AD-69438 215 59 324 9.6
AD-69395 17.4 5.7 32.3 4.6
AD-69440 25.7 15.0 35.1 135
AD-69396 28.8 93 16.6 5.1
AD-69441 26.3 8.4 39.2 8.9
AD-69397 62.4 333 48.6 26.1
AD-69442 41.0 12.3 50.4 12.5
AD-69394 38.0 12.9 65.7 13.1
AD-69439 30.2 9.0 51.6 10.8
AD-69398 21.1 3.8 23.1 6.5
AD-69443 20.0 7.6 293 4.2
AD-69380 43.8 153 64.7 26.0
AD-69425 355 9.8 38.5 &5
AD-69403 345 12.0 35.1 7.0
AD-69447 23.5 7.4 55.0 21.7
AD-69404 41.2 239 30.0 55
AD-69405 20.2 7.7 35.0 14.4
AD-69448 53.1 16.4 423 6.3
AD-69449 37.8 14.7 42.6 4.0
AD-69406 21.6 13.7 23.4 7.1
AD-69450 19.6 4.5 23.9 5.1
AD-69390 18.8 8.0 21.0 4.2
AD-69435 20.0 17.3 23.9 9.7
AD-69408 40.0 17.9 34.1 18.5
AD-69452 289 9.6 45.5 13.6
AD-69409 40.0 10.8 52.7 31.5
AD-69453 39.2 6.5 57.6 209
AD-69410 62.0 8.7 78.6 105
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AD-69454 86.5 6.9 102.4 27.8
AD-69399 88.8 17.5 81.6 21.4
AD-69445 68.9 19.5 118.3 26.5
AD-69400 32.7 11.9 31.1 10.1
AD-69446 23.5 10.8 38.3 4.1
AD-69401 28.4 18.3 24.7 5.7
AD-69451 79.6 23.5 102.9 41.6
AD-69407 16.8 7.7 29.2 12.6
AD-1955 102.912 29.2078

Example 2. iRNA Design, Synthesis, Selection, and In Vitro Evaluation
This Example describes methods for the design, synthesis, selection, and in vitro
evaluation of additional GCK iRNA agents.

Bioinformatics

A set of siRNAs targeting human glucokinase (GCK) (human NCBI refseqID:
NM_033507; NCBI GenelD: 2645) were designed using custom R and Python scripts.
The human GCK REFSEQ mRNA has a length of 2442 bases. The rationale and
method for the set of siRNA designs is as follows: the predicted efficacy for every
potential 19mer siRNA from position 10 through position 2442 was determined with a
linear model derived the direct measure of mRNA knockdown from more than 20,000
distinct siRNA designs targeting a large number of vertebrate genes. The custom
Python script built the set of siRNAs by systematically selecting an siRNA every 11
bases along the target mRNA nucleotide seqeunce starting at position 10. At each of the
positions, the neighboring siRNA (one position to the 5’ end of the mRNA, one position
to the 3’ end of the mRNA) was swapped into the design set if the predicted efficacy
was better than the efficacy at the exact every-eleventh siRNA. Low complexity
siRNAs, e.g., those with Shannon Entropy measures below 1.35, were excluded from the

set.

Cell culture and transfections

Primary Cyno Hepatocytes (PCH) cells were transfected by adding 4.9l of Opti-
MEM plus 0.1ul of Lipofectamine RNAiMax per well (Invitrogen, Carlsbad CA. cat #
13778-150) to 5ul of siRNA duplexes per well into a 384-well plate and incubated at
room temperature for 15 minutes. Forty pl of EMEM containing about 5 x10? cells
were then added to the siRNA mixture. Cells were incubated for 24 hours prior to RNA
purification. Single dose experiments were performed at 20nM final duplex

concentration.
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Total RNA isolation using DYNABEADS mRNA Isolation Kit
RNA was isolated using an automated protocol on a BioTek-EL406 platform

using DYNABEADs (Invitrogen, cat#61012). Briefly, 50ul of Lysis/Binding Buffer and
25ul of lysis buffer containing 3yl of magnetic beads were added to the plate with cells.
Plates were incubated on an electromagnetic shaker for 10 minutes at room temperature
and then magnetic beads were captured and the supernatant was removed. Bead-bound
RNA was then washed two times with 150ul Wash Buffer A and once with Wash Buffer
B. Beads were then washed with 150ul Elution Buffer, re-captured, and the supernatant

was removed.

cDNA synthesis using ABI High capacity cDNA reverse transcription kit (Applied
Biosystems, Foster City, CA, Cat #4368813)

Ten pl of a master mix containing 1pl 10X Buffer, 0.4l 25X dNTPs, 1l 10x
Random primers, 0.5l Reverse Transcriptase, 0.5ul RNase inhibitor and 6.6 of H20
per reaction was added to RNA isolated as described above. Plates were sealed, mixed,
and incubated on an electromagnetic shaker for 10 minutes at room temperature,
followed by 2 hours at 37°C.

Real time PCR

Two pl of cDNA were added to a master mix containing 0.5ul of Custom Cyno
GAPDH TagMan Probe, 0.5ul cyno GCK probe (M{02827184 m1) and 5ul Lightcycler
480 probe master mix (Roche Cat # 04887301001) per well in a 384 well plates (Roche
cat # 04887301001). Real time PCR was performed in a LightCycler480 Real Time PCR
system (Roche) using the AACt(RQ) assay. Each duplex was tested in four independent
transfections.

To calculate relative fold change, real time data were analyzed using the AACt
method and normalized to assays performed with cells transfected with 20nM AD-1955,
or mock transfected cells.

A detailed list of the unmodified GCK sense and antisense strand sequences is
shown in Table 6 and a detailed list of the modified GCK sense and antisense strand
sequences is shown in Table 7.

Table 8 shows the results of a single dose screen in primary Cynomolgus
hepatocytes (PCH) transfected with the indicated modified siRNAs. Data are expressed
as percent of message remaining relative to cells treated with a non-targeting control
siRNA, AD-1955.

116



PCT/US2016/038616

WO 2016/209862

S6C-LLT SoL HOONVIODHADNNIONINVIN Yereri-v L6¥ | VONVODHVDHOHVYVOHVIDNVDOD eCreri-v 0e01L-av
£8C-59¢C 0L NN2OVINVININDHIDINVIN wreri-v 9tF | VDNVDODIVOVONVDNDOHVY 1ereri-v 6201L-av
CLT¥ST €0L ndodNHHYINNDNNDDOVINY 0creri-v S6¥ | NVHNDHHVYVHVVDNIIVDHDY 611CrI-v 8c01L-aV
09¢-Tre oL NDHVYIHNDDNIOINOONHDHY 8I¥er1-v Yor | NOOVOOHVHOHVOHOHVOIDNODYV LI¥CY1-V L201L-aVv
16¢C-¢€¢ 10L DNONDOVVHONODVOIDNOON 91Iveri-v €67 | VDDVDIDNDDHVYIDNNDVHVYD SIyeyri-v 9C01L-av
6¢C-1T¢ 00L NOHADNVHHVIIDNINOVY YIveri-v or | NNDHVHYIDHHNOONVHVIDY eIyeri-v ¢e01L-av
6CC11¢ 669 | NOHVHVOOVNONIDNINVODN CIveri-v I6v [ VONVOVODHVHVNODDNDNDV 11¥eri-v $201L-AV
S0C-L81 869 no0NNoOHHNDOHOHHADNDNN 80V 1-V 061 VVOVDHVYIIIDOVIODVDHDLY LOVTYI-V €c01L-av
Y61-9L1 L69 VIONVIVONONNIDNIDDHN 90rCrI-v 687 | VIIDHVDOVYIVONDNVDDN SoOveri-v coIL-ay
€81-591 969 NDNONVIOIHDINVIDNVOVI YOreri-v 88¥ | VNADNVOHDHAVOIDDHNVOHVDY eOveri-v 1201L-av
CLI-¥ST $69 VNOHOHHOHVHOONINDONVIN wreri-v L8Y |  VDNVDVDHVYDOINDODODOIDVN 10veri-v 0201L-av
Is1-¢€1 769 | DOVOOHDHNNNDDONVOVNDDHY 6L -V 98¥ ODDVAINVYIDVVYIIINID LO6CTY -V 6101L-av
Iv1-€¢l €69 | NOHNVHYHVOIDHOHVYDHHDNNN 96¢Tr -V c8¥ VVVIIINIIDNINDNVIDY coLTri-v 8101L-AV
6CI-111 69 VDHNIDHNIDHNIDNIDBNVHY Y6ECr1-V P87 | NDNVIDHVOHHVIDOHVYIHDHVIN 6L -V L101L-AV
811-001 169 VIOVOOVNIIDOVONOIDNON [{3X444 €8¥ |  VDVDOOHVINIIDHHOHVAIDNDN 16€Cr1-V 9101L-aVv
901-88 069 [ NNDOOHVNDNDDNVOVIDHVI 06€Cr1-V sy | VADDNDNAVIDVIOVNODHHOHVY 68¢Cr -V S101L-aVv
L66L 689 | VVNOIDHVDHONNIIOVNIDNN 88CTY -V 18% VVOVNODHOHVYVIONIDOVAN L8ETYI-V ¥101L-AV
98-89 889 NHNIDDHOOOHHVYVNADODVN 98¢~V 08 VNODDIVNNIIDDODDOVOVY C8LTYI-V €101L-av
€L-6S L89 NDHHOVYIHVYIDHONDNOON P8ECYI-V 6LY VOOVOVIOIDHNIDNNDIDDY E8CTYI-V c1o1L-av
£9-C¥ 989 | OHHDHNVHOHNNDDNDDOHOVVON (43 X444 3Ly VOHNNDIIDVIDVVIONVID 18€Cr1-V 1101L-av
[6-¢¢ €89 | VvDNOIDHNIHDHVYVHVYVHOHNVODN 08€TrI-v LLY VII0VIINONDHDHVIDOVIN 6LECY-V 0101L-aVv
(A 789 [ DVODHDHNDDHHVHNOODNODY 8LETYI-V 9Ly NDHVYIHHVYOINIIDVIODND LLETYT-V 6001L-av
. — ‘ON ‘ON
I Mwwwmmmmz OM_Wm (€ 03 .S) @ouanbag asuag o“ﬂoﬂmmwwﬂv OM_Wm (€ 03 .S) @ouanbag asuag om_ww_wﬂ_ a5 MMMNZQ

seouanbag paygipowu) MHO :9 dqeL

117



PCT/US2016/038616

WO 2016/209862

LY9-679 el DVOVDONIOHNDONNDNDNY 88YCY1-V YC5 | NVOVDVYVDOVIDHHVONDND L8YTYI-V LSOTL-AV
¥£9-919 el | NODHVYVHYDOHVYVVDOVOVON 98YIrI-v £Cs vDHNONDINNNIONINNIDDV C8YCYI-V 9¢01.L-aVv
¥29-909 0cL | DDVIODHVVOHNDOVYVDOVDN Y8YTYI-v (449 YOoNINNdJ0vOHNNIHOHONDD e8YIYI-V cso1L-av
¥19-965 6CL NndNNHHVIHHOOHVIDIDVY wYeri-v [¥4Y NNoOHHBNODDIDNODVVDHY 18¥CY1-v ¥S01L-AV
209-¥8¢ 8CL | NONVONNNDNDANDNNIDV 08¥TrI-v 0¢¢ | NODVVDVVIVOVVVDNAVDHY 6LYIYI-V £S0TL-av
C65PLS LTL oNHNNDHNVOHNONVINNND LYYV 616 IDVVVDNVOVINVIDVVIVD LLYTY1I-V ¢e01L-av
085-79¢ 9¢L | VDDONHVVYHHVYIONDNNIN LYY~V 8IS VOVVOVHDNIONNOVOHIIN SLYTYI-V 1S01L-av
896-06¢ CCL | VDVINOVODNVDVYDHOHONDV YLYTYI-V LTS NovOHOONONVOIDNHVONON eLYIYI-V 0S01L-aVv
LES-6E¢ YL | VDONDVNADNVOVDVYINOVA CLYTYI-V 91¢ VNOVDHNONDNVOVIOVDO ILYTPI-V 6v01L-AV
8YS-0¢¢ €CL | NONVODVHVVDONDOVNDNY OLYTYI-v SIs NVOVNOVHONNINIDAVHY 69v Y-V 8Y0TL-AV
CEC-LIS L NHHOODOHNODVIOHVINDNVIN 89V r1I-v YIs VOHNVOHVONIDNOVODDIDOV LOYTYI-V LYOTL-aVv
05-98% 120 | HHNONVOVNDVDHONVODHDN worTri-v eIs VOO0NVIINIVADNAVOVID 19%Tv1-v 9v01L-AV
18¥-£9% 0cL DNOVOONODIOVINNONDHDN 8SYIvi-v CIS | VOOVDVVYVDNDOOHVDDNDVD LSYTYI-V SYOTL-AV
85-0vy 61L NIDVIIINIDNNIODVINIIN 125044% 4 116 | vDDOVDNDOHVVOHVDHDHDNDOHY 139 74407 YP01L-AV
Lev-61Y 8IL NHVVHNOIIVONVIDVIOV 0Syeri-v 01¢ | NODHOHNODNVOHNDDHOVINNDV 6vviri-v eP0TL-AV
STr-LOY LTL VIODOVIIDNDVANDVVDNN YPYvi-v 60¢ | VVONNOVVNIOVIDHDHNDDON LYYTri-v w01L-av
STv-L6¢ 91L vHDHOVOIINDOVIOIVIODN OPYivi-v 80S vI5HHNHHDNIOVHONIIIN SPYevi-v Iv01L-av
£0-S8¢ SIL D000NHVVHHVOHVDDHVON 1244454 LOS vDNOO0ND0NDOONNDVODDD ePYvi-v 0v01L-av
Y6£-9LE YIL vHNDNNIVOHIOIINDOVVON rTri-v 90¢ | VONNOVHOHODINDVVOHVIN IvPevi-v 6¢01L-AV
8e79¢ ¢IL | NDOHHDNONNDIDVHNONNN ovveri-v c0s VVVOVINIDOVVOHVIIIIV 6eviri-v 8¢0TL-AV
0Le-CSe CIL | vNDOVOHOHVYHDHNDHDOHDNN 8EVIYI-V $0S YVODIDVIINOHODHNDOVN LEVTYI-V LEOTL-AV
65¢-1P¢ 1L ] vOHVODOHDHNDHOHVNDOVODN 9evri-v €08 VODNDOVADIVIOIIDNODN SEYeri-v 9¢01L-AV
8Y¢-0¢¢ 01L DNOVOVONNINVIOVOIDON Yeveri-v 205 | VOODNDHNVHVVYDHNDNDVD eevri-v CeoTL-av
LEC-61¢ 60L DNVONNDNIDDHONIVOVIN cereri-v 105 | VvDNDHNDOVIDDHOHVHVVDNIVD Ievevi-v Ye01L-aVv
8CC-01¢ 80L HVDOONONHHDHNVONNIDNON 0everi-v 005 | VDVDVVDNAVIIOVDVYDDND 6Criri-v £e01L-av
91¢-86¢C LOL HOHOODHOHVINIDDHVIDNIN 8CYIv1i-v 66% VOHVODNODOHVDHNIODHODD LTYTY1-v ce01L-av
0£-98¢ 90L NNoIO2NDNVIONHDHOHDIDN 9TYvi-v 86v | VODDDDIODVODONVOVDOVY STYevi-v 1€01L-av

118



PCT/US2016/038616

WO 2016/209862

¥96-9Y6 65L ODDOHVVDHOIDINDHVHDHOODN 1254404 539 vI5DHIO0N0VHHDOHINNDOD SPSTri-v ¥801L-AV
$66-9¢6 8SL DHONOVODIDHODOHVYDHIIN 122044% 4 1199 vHDHONNDIDOHOHHNOVOD 13454407 £801L-AV
£¥6-576 LSL vOo0OvOHNNVNDDONOVIIN (42744% 4 6Y¢ | VDDNDVOIIVAVVINDODN 8274 4% 4 801L-aV
Ie6-el6 9¢L ONDI20HHDDNVIVODIOVDN ovseri-v 8¥S vonontooindbnvonudonvoHOHVDH 65T~V 1801L-AV
0¢6-206 SSL vI0N100000N1HDN13D3HDN 8ESTYI-V LyS | VODDDHOHVYDHOVODDHOHDVDOHDN LESTYI-V 0801L-AV
606-168 YSL YOvVIONIHVIOVIONIOION 9eCTrI-v 9v¢ | vDDDVDHDNHDNODVOHDNDN CESTYI-V 6L0TL-AV
668-188 1395 NONVODNINNVIVIINIDY 14374454 ¢S | NOOHVHDNDNVVDVIDNVOV 1339440 8L0TL-AV
688-1L8 L vNODNVOIODNIDNONVIDNON cesTri-v YrS | VOVODNVDVYDHODVOHDNVOVA 1esevi-v LLOTL-AV
LLB-658 ISL | VODNNVIDOHYOOHVNONVON 0csTri-v 1329 VONVIVADDNIDDNVVIDI 6CSTrI-V 9L0TL-AV
€98-L¥8 0SL JVIIOHNDHODOHVIDNNVA 8CSTYI-V s | VAVVYODNODHOHDHOVODOHDND LTSTY1-V SLOTL-AV
9¢8-8¢8 6vL 20DNVONVHOVIOODNDON 9CeTYrI-v Ivs | vDOVvVODOHDNDONVONVIDD CTeTrI-v YLO1L-AV
Sy8-LT8 8YL NJVIHONDOOVHIIHDNVINY 1449454 ors | NvONvoDDHINDOHVDODNDY 145440 eL0TL-AV
£78-508 LyL | VDDVIHVNDVNIODINNONDN 0cseri-v 6¢S VOVOHVVDOVNIOVNODNIIN 6151~V cL01L-av
118-¢6L 9vL JDDNOONVONVDVHOHVIDV 8ISTYI-V 8¢S NdHBNOONONVHNAVOHIVIODD LISTYI-V 1L01L-aV
66L-18L ShL nNvonosnNobiodvIOHDHNDIN 91STYI-V LES VHOVOODONDDOVIOVDNVY CISTYI-v 0L01L-aV
06L-CLL YL ODNNVIIVINNVINDHNDON YISTYI-V 9¢¢ | VDOVOVDNVVDNDDNVVID eIsTri-v 6901.L-AV
L9L-6VL evL DODNHDHVVVINNNVIDNVIV O1sTPI-v ces | NHDHNVHDHNAVVYDNNNOVODD 60STrI-V 8901L-AV
LSL-6EL L NNNHIDONINDIDINDVVV 80STY1-V eS| VINNOVOHDOHVOVDDIOVVYY LOSTYI-V L90TL-aVv
SPL-LTL IvL HONDNDOOHVNVOHNNNDION 90STr1-V £es VODOVVVIONVAODDOVOVOD COSTY1I-v 9901.L-AV
YeL-91L ovL VIDODDVVOHVIDONDNDON YOSTYI-V eS| vDBOVDHVYDHODNONNDDOHDHDN e0STr1-v €901L-aVv
YCL-90L 6¢L NNHANVIVOIVIIIIDVVI osTri-v eS| vNNOHHOHDNOONDNVVIOVY 10STP1-v ¥901L-AV
TTL-£69 8¢EL NOX3NOHNDNNIDDINNDNNY 00sTPI-v 0¢s | NVVOVVDHDOVVOVODVDOHY 66vCr1-V £901L-aVv
C0L-¥89 LEL HNNDODHOHVOHNOONDDNONN 861vr1I-v 6CS VVOVIDVDOVONIDDOVVD Loeviri-v 901L-av
169-£L9 9¢L NHOHNNDDIDVVYHNNDODOV 96vr1-v 8¢S NODHHVVONNIDDHDHVVIOV Soveri-v 1901L.-aV
089-799 CeL | VVOVDNNDVYIONDHDNNDON Yorevi-v LTS VOHOHVYVIOVOHDNOVVYININN coviri-v 0901L-aV
L99-619 YeL ONVANDIIDNVDOHVVOHVDIN oreri-v 9¢¢ VONoNNodNvonboHOVVAVD 16vevi-v 6501L-AV
859-0t9 eeL oNNodNOAVOHINVNINIIIODN 06vTri-v ¢ | VODDODVVNVDONVIVOVVD 68vCrI-V 8501L-AV

119



PCT/US2016/038616

WO 2016/209862

CLTT-PSTI 98L | DNOHOHONDVIDINDNVOOV 009¢v1-v 8LS vADONVIVDODNOVOIOVD 6651~V OIT1L.-aVv
19¢T-£¥¢1 ¢8L | DONHDOHVHONDHHNHDONDV 86SCYI-V LLS NIVHOOVIIVOHINIIIVOD L6STY1-V 601TL-AV
(45 4%2%1! Y8L HVDIODHVODHONDHOHOHVOHON 9651~V 9LS VYDONO00VHOONODOOHDOHND CoSTYI-v 801TL-AV
IYCT-£2¢l £8L VYHOHVYONIDHNDIDVIIDIDHY 1434454 SLS NOHHHHNDDOVIDHVYOHNDON £oSTY1-V LOTTL-AV
8CCI-01¢CI 8L | DNOoNvoHvNobnNNobnvoObvon osTYI-v YLS VONOONVIOVVIOVAINVOVD 165TP1-v 901TL-AV
81CI-00CT 18L | DONHDHOOHNNDDNONVOVIN 065TPI-vV eLS VVNDNVHVOIDVVIDIOVDD 6851~V SOITL-aVv
LOCT-6811 08L NnaovbONHNHOIDDONDOHODN 88STYI-V LS VIDIOVHODHDHOVOVDIODLHY L8STYI-V YOI1L-AV
SOIT-LLIT 6LL vHODNOOVIONINDDONDN 98T~V ILS | VOVDODVYDHVYDHDNDOVIDON CRCTYI-V 01TL-aVv
9811-8911 8LL DODOHVVDHOVOVDHIDNOOVON 1234454 0LS vHNOOHVODLONDNOONNDDD £8STYI-V or1L-av
ELTT-CSTT LLL NIHHVVHONONDDDODVVL sTri-v 69¢ VNDDODOVHVOINNDODVY 185TPI-V 10T1L.-aV
COTT-PEll 9LL HONOHNODHVIHODHNDNDIN 8LSTYI-V 89¢ VDOVOVODIDNDDVIDHVDD LLSTYI-V 00T1L-aV
CrIT-$CI1 SLL D00ND0HHVHOHDNDDNIDY QLSTYI-V L9S NOHVOOHVHODNOODHOHVOHDHD CLSTYI-V 6601L-AV
OcTT-CIT1 YLL VYOO VDVYVDDNDOODO0ND0N YLETYT-V 99¢ VYHOHVYDHDHODHOVIONNDNIDN ELSTYI-V 8601L-AV
8TTT-001T eLL | VOONDONNNNDODVIDVOVY £E86L1-V ¢9¢ NNOJNDOHNIDVVVVHOVOHDN e86¢1-V 8Yr69-AVv
601T1-1601 CLL vHNOOHVHOVOONDINNNN CLSTYT-V Y96 | VVVVDOVDHONDONDDDHVON ILSTYT-V L60TL-AV
L60T-6L0T ILL DODVVIVOIDHVODVDHNDODV 0LSTYI-V £9¢ NnaHHYONIDNOONDNNIDD 6951~V 9601.L-AV
S80T-L90T 0LL ODONODVIOVIDIDDVVIV 89STY1-V 96 | NDHNNOHHODHNDHDHNDODOVOHOD LISTYI-V S601L-AV
SLOT-LSOT 69L NnNovNADHBNVIIODINDDVIN 99CTY1-V 196 | vVDNODHVOHOOHHODNVOVNIDVY COSTYI-v ¥601L-AV
¥901-9101 89L VONVAOOVOIIDHNNOVNIDNY YOSTYI-v 09¢ | NvVOVADVVIHODNHOVAVON LISy I-vV £601L-AV
S0T1-9¢01 L9L vAvONONNIHVOHNVNIIVIL osTYI-v 656 | VNDDVNAVONOIDVVDHYDNV 196TP1-V 601L-av
rOT-+201 99L DOVDHNODNDHDHVIVAVININ 09sTPI-v 8¢ | VHVDNVNDNDDVIHVONDD 6551~V 1601L-AaV
0¢01-¢101 9L | VDVIDNNNHDOHHOOVOHNON 8SSTYI-V LSS VOVDONDHHODIIVVVIDNON LSSTYI-V 0601L-AV
020T1-2001 oL 20NHONDNODVHVIDNNND 9SS~V 9¢¢ IDVVVODNONIDHVHVOIVDD CeCTYI-v 6801.L-AV
6001-166 €9L ONHOHOHHVOOVIONDONON 12374454 999 VOVDOOVHDNDHODNDODDIVD 1399440 8801L-AV
8667086 L vOOVDOONOVAVOINDDODOHVY (4574 4% 4 1233 NIDHODOVHNVNDVHDNIDN 834454 L8OTL-AV
886-0L6 19L ONHOHONOVVHDHVIDVIDNOV 0ssTri-v €6 | NDHVHDHNODNDONNDVOIVD 512544004 9801.L-AV
9L6-856 09L vHDHOODONIDVIONDINOV YSTY1I-vV (499 NHVOHOVHOHNODHVOHODHHOON LYSTY1-v C80TL-AV

120



PCT/US2016/038616

WO 2016/209862

69ST-1661 €18 DVOVNAVIHVOOODONOVON 125:044% 4 €09 | VDNHVOODHDNOODNVNIDND 1394407 LETTL-AV
096T-Crel I8 VANONNDIDDHVOVAVIDVIL eoTri-v $09 |  VNODNVNDNDODOVVOHVVN 1S9Tv1-v 9¢ITL-AV
6vST-TEST 118 DDDIVIOHOHVYOVNININNON 0s9TvI-v €09 | VDOVVDVVNDNIOHHNODOD 6Y9Cr1-v CeITL-AVv
8EST-0CST 018 HHOVIOVHVYDHIIDOIVION 8Y9TY1-v 09 vHDHNDOHDHOODHOHINDNDDNIDD LY9Ty1-v Yelll-av
LTST-608T 608 HHODIDHOHOOHHOHVIOVN 9Y9TYr1-v 109 vDHOHNDIDHDHODODHOHDHOHID SYOTyi-v eelTL-av
YIST-96%1 808 NODONIDIDNOVIIDDHIIIN YroTyi-v 009 | VDDDOOHOHNHVODDHOHVDHOHY eYITrI-v cerlL-av
YOST-98Y1 LO8 NvoOHONIVHODNODNDDODN woTri-v 665 | VODDDVDDOHVDDONDOHVOHONY Iv9Tv1-v Ier1L-av
CovI-PLYI 908 ONONVOHNOOHVVOHNVOINOV ovoTyi-v 865 NHVOINVONNIDVINVOVD 6£9Cr1-V 0cT1L-av
e8Y1-Cov1 c08 HHDNOHVOOONINVONDDY 8LITYI-V L6S NIDVONVHVOHODNDDVIID LEITYI-V 6CITL-AV
ILPT-ESPI Y08 HIODNDODHVINDODODNODY 9e9Tr1-v 96¢ NIHVIIIDOVHNODOVIDD CEOTYI-v 8CITL-AV
09vT-Crvl £08 NvOoDHOHNDDOVOIDIDNDODHY YeoTri-v €65 NOHHVYODHOHNOHDHOHVIODNV eE9TrI-v LTITL-AaV
Y 1-0ev1 08 NO2NOHOOVYHOHNVOIDONN eoTri-v Y65 YVvODOHNVIONNDHIDVOHOV 1e9Tv1-v 9CITL-AV
6cvI-1Crl 108 DHNODHVVDNNOIDNIDIOOVY 0e9Tri-v £6S NNHOIHBVHOHVVINNIDVID 6091~V SCITL-aVv
9Tr1-80v1 008 | VNDNNOOHVIHNDHOHDONDDHYV 8COTY1-V 68 NIHVIIIOVOIDNIHVVIV(L LT9TY1-V YCI1L-av
91v1-86¢1 66L VIODODHVDOHIOVOVNDNNODV( 9C9TY1-v 165 VNODVVOVNONDIODNODDHN CCOTY1-v eCITL-av
9011-88¢1 86L VID0DDVIINVIIDVYDOOV YoTri-v 065 |  NDOONDHDHNVDOHNDODHOHON eCoTr1I-v CriL-ay
YOET-9LE] L6L vO5OIDNVDHNDVIVIIDDIV oTyi-v 68¢ NHoOOHHONDNDOVONVIDIDN 129Tv1-v ICI1L-av
£8¢1-69¢T 96L DONOONDOVNINVIDOIDNVL 0coTyri-v 88¢ | VNVIDODHNVVNIDOVOHOVDOD 6191~V 0¢r1L-av
eLET-CSCT S6L NdNODHOHOHNDDONIDNDOV 819¢Y1-V L8S NHOVHOVOODOVODIOODVOHV LI9TY1-V 6111L-AV
09¢T-Crel 6L NNHOHOHNVODODINDNODN 919Cv1-V 98¢ vOOvVDOHVYHODOODNVODDOVY CI9Ty1I-v 8I1TL-AV
6vel-Teel £6L DHODOHOVHNVOHNNDDODNV YI9Tv1-V €8¢ NvODOOVVINVONDIDHDHDD e19erI-v LTITL-AV
Ovel-ceel 6L HODODDHVIIDIIIDOVOHNY CI9Tyi-v Y86 nvonovdonoiddHHNDDDDDD 119¢v1-v 911TL-AV
8CCI-01¢T 16L NHAVIVIDHVYDHIIDOIDIDV 019¢v1-v €8¢ NIHHHOHDHOHONODNDNVOV 609CY1-V STITL-AaVv
8TCT-00¢T 06L DHOODHVODODNDNVIVODY 809¢Y1-V 8% NnaBNOHNVOVOIDOIDHNODDODD LO9TY1-V YITIL-AV
90¢T1-88¢C1 68L NIHOVOVOHVNDIDIDDODVN 909CY1-V 186 vNOHOOHODOVADNDNDODY C09Tr1-v er11L-av
Y6CT-9LC1 88L HOHODOHOHVIHONDNDODOVOV YO9TY1-v 08¢ NHNOHOHVHYHODNDODIDD £09¢r1-v CITIL-av
¥8C1-99¢1 L8L DNVOOVIDHOHOODODOHVIN 09Tri-v 6LS VvDHNOODOHIDHDDNDDNVD 109¢v1-v IT11L-av

121



PCT/US2016/038616

WO 2016/209862

L98T-6¥81 0r8 | VVODVDNDVONIINDVVVN 80LTYI-V (43" VANNIVHOHVINOVONODNN LOLTYT-V YOrI1L-AV
CC8I-LE8T 6¢8 HHDNONNDODNDVVIDVON 90LTYT-V 1¢9 vononobinNnNbvoHOHVVHVIID SOLTYI-V e911L-aVv
9v81-8¢81 8¢ | NNVOHNNVVVDOHHNONNDON YOLTYI-V 0¢9 | VDDVVDVIODNNNVVINVY 0LV I~V oT1L-av
CE8I-LI8I L | VVVDVDODVOINNVDNNVY OLTYI-V 679 | NNVVONvvOHHNODHONONNN 10LTY1-V 1911L-aV
£C81-S081 9¢8 | NNOOHHDHOHOHOHOHNDOHVVVOHVDN 00LTYT-V 879 VONDNNNIIVIIDIIDIODVY 669CY1-V 0911L-aV
CI8T-P6LI ce8 NINDNHVYHVOONNIDHDOHDHN 869CY1-V LTS VIODO0DVVODNDNIOVOHVDY L69TY1-V 6S11L-AV
008T1-C8LI Ye8 NOX3NOHNOONNDNADNINDY 969CY1-V 979 | NOVDHVODVOVVDHVODVDDV Co9Cr1-v 8S1TL-AV
T6LT-ELLT £e8 D00VDODIDHNODNDDNIIN Y69TY1-v €29 | VDDVDHVDHVDODHIDNDDD £69CY1-vV LSTTL-AV
8LLT-09LIT (4%} NO3IHHOHVNNDDIDIODOVIN e9Tr1-v ¥29 | VDNOHDHDHODOHOVVNIIDDODDHHY 169¢v1-V 9¢T1TL-AV
LOLT-6VLIT 1e8 0200NHNDHOHHOHNIDODHHY 069CY1-V €9 NIDOHHHVYIDIDODVIOVODD 689CY1-V CCITL-av
8SLT-OPLI 0¢c8 VVVVVvDIOVDIOONHNODON 889CY1-V 9 | vOODHVOVDHOHHNHHONNNNN L8ITYI-V YeI1L-AV
OYLT-8CLI 678 | DVDVVDDOVDNOVVVVVDIN 989CY1-V 179 vonnnnnodvonddINNOHNId C89TYI-V eSITL-av
YELT-9ILT 878 NNHNAINDHBIDIDOHVHVVYDI Y89CTY1-V 09 vonnodnodoHonoiobvOHVOVY £89CY1-V ¢eT1L-ayv
€CLT-SOLT LT8 vNOHIHVIIDINNDNDNON 89TrI-v 619 | VDVDVOVVDDHDDNODOOVN 189¢v1-V IST1L-aVv
EILT-S691 978 HHODHOHVODONVNDDOOVIN 089¢vI-v 819 vHNODOOVNVIOIDNDODID 6L9TY1-V 0ST1L-av
COLT-¥891 ce8 HNOONDOHDNDODOHDDHOHVIN 8LITYI-V LT9 VDHNOODIODDDVIOIVODVD LL9TYT-V 6vITL-AV
169T-€L91 4] DHHVOODHVVOVHNDONDDN 9L9TYI-V 919 VYOOVvDHOHVYONDNNDIDDNDD CLOTYI-V P11L-AV
6L91-1991 £C8 HOD00DNDINDDDHHVYIIDN YLOTYI-V ¢19 vIODHDNOOHHVHOHVIDODDOD eLITYI-V LY1TL-AV
8991-0591 (44} vHODNODDOHVIODDIODDDNN CLOTYI-V Y19 YvODHHOHHODONDODHVIDIN 1L9TY1-V 9vI1L-AV
8S9T1-0v91 18 HHNOHNDOVIOHVOHOONODDY 0L9TYI-V €19 NIOHVODONODNDOVOVID 699CY1-V SPITL-AV
LY91-6C91 0¢8 20NNOvOHLVYHOOHHNONDOV 899¢Y1-V 19 NHBOVOVIOIONODDNDVVDHD L99TY1-V YrI1L-AV
9¢91-8191 618 NIDHVOHDNVIOIDNNDVIN 999CY1-V 119 | VDNOHVVHDHODNVIDNIDHY 99Ty 1-v ePI1L-AV
9791-8091 818 | DNDNOOHNDOHDNOOOHVOHONY Y99TY1-v 019 NVODNIDHVIIDIVIDVIVD £99CY1-vV TrllL-av
CI9T-L6ST L1 | VODHHNDHNODOHHOHNHNODNN 99TrI-v 609 VYVODVOVIDOODHVIVIODN 199¢v1-V IvI1L-av
C09T-¥8¢61 918 NdHOHNOOONIONVIDONN 099¢v1-v 809 | VVDOODNVDDOHVDHOHHVDDIDV 6591~V ovliL-av
16ST-€LST CI8 HNOVIODHOHODNNDDIDNON 8S9TY1-V LO9 VOVODODOVVIDIDODDNDVD LS9TYI-V 6¢ITL-AV
C8ST-P9¢61 Y18 DHNOVONONIDNOVIDIDDON 99TY1-V 909 | VDOODONDVOOVOVDNDVO CeOTyI-v 8C1TL-AV

122



PCT/US2016/038616

WO 2016/209862

£91¢-SPI1¢ £9% | NONONHHVVVVOHVOHVDHODN wOLTYT-V 659 VODO0NINDNNNNDIVOVHY 19LTP1-V I611L-av
YSIC-9¢1¢ 998 | NNVNHOHOHOHONDNONDDVVY 09LTYI-V 859 NANDOVOVHVIOIIDOVAVY 6SLTYI-V 0611L-AV
(44X 44Y €98 | VODDHNNODVVVINNVNIDDN 8SLIYI-V LSS VOOVAVVDNNNIDVVIIIN LSLTYI-V 6811L-AV
el vlIe 98 J0NIDNDDVOVHDHDNNDDY 9SLTYI-V 9¢9 | NOHDHVVIOONDNDHOHVOHOHVDHD CCLTYI-V 8811L-AV
0CIC-201¢ £98 NOD3ID0HVHONVIONDONN YSLTYI-V €s9 | VVDDVDONVOONODHHOHOHOV eSLTYI-V L8ITL-AV
601¢-160¢ 98 O0NIDNNVIIDNIDIDDDV SLTYI-V 69 | NOHHDOHHVOHHODNVVIDVDD ISLTYI-V 9811L-AV
860C-080¢ 198 NnnNoNdHOHHHBNDODNDDNNY 0SLTYI-v €59 | NVVIDVDDHVIODDDHVOVY 6VLTYI-V C8ITL-AV
880¢-0L0¢ 098 HHVDONOODHVYHNNDNDIDON VLYV (4% VIDODHHVOHVVINIDDHVDNDD LYLTYI-V Y8I1L-AV
9L0C-850¢ 658 JDDNAVVVVHVVOIDDHVINON OYLTYI-V 159 vHVONOODHNNINNNNVIODD SPLTYI-V e81TL-AV
€90¢-L¥0C 868 | NDDOHNOVODHVIODDONVVVY YYLTY1-V 0c9 NnNNNAv>J3HHNIONHDVIIIV ePLIYI-V gr1L-avy
£60¢-S£0¢ LS8 D00DVIHVOHNVONDDDNOV TrLTY1-V 6v9 NHVIOOVONVINIDNIDDD IvLTy1-v 1811L-AV
r0T-¥20¢ 9¢8 NO3IDNDDOHNIODIIDVIDY OvLTY1-v 879 NdHBNODHOHDHHVIDHVIDDHOV 6LV 0811L-AV
e0C-¥10¢ ce8 HVODOHDHNNNNDIDDNODN 8ELIYI-V LY9 VIODVDODHOHVVYVVIDIDODND LELTYT-V 6L1TL-AV
0T0C-200¢ 68 HHNONHHVNINDOVIIIDN 9CLTYI-V 9v9 VOODHDNIDOVOHVAIIVOVID CELTYI-V 8LITL-AV
600¢-1661 €68 | DNNDNDOHVVINDOHNONDDV YeLTYI-V Y9 NIDVHVIOVOHNNIDVIVVYD CELTYI-V LLITL-AV
8661-0861 (4%} 20NIOHNODHVHDOHNNDNIDV CeLTYI-v 42 NOHVOVVIINIDVIDDOHVDHD TeLevi-v QLITL-AV
6861-1L61 168 DHVOVOVIDIDNIDDNDDY 0cLevi-v €9 | NODHVOHHVDHDOHDHOHNDNDNDD 6CLTYI-V SLITL-AV
LL6T-6561 0¢8 HVOOONNDHVOHNVOHOVOVOVY 8CLIYI-V (472" NHNONDDNVONOVVDHODND LTLTYI-V YLITL-AV
L961-6¥61 6Y8 | DDVDNDVVOHHOVIIDINNDV 9CLTYI-V 19 NIJVVHHHNODOONNDVINID SCTLTYI-V eLITL-AV
9¢61-8¢61 8¥8 VOHDVODHVOVIODDHVONDVY YCLTYI-V 09 NnNdvoOoNdOHOHNDNIDNDON ECLTIYI-V CLITL-aV
SY61-LC61 Ly8 vODHDOVOHVIONVDOVODVI CCLTYI-V 6¢9 V25NN VHONDNDDIDN 1CLTY1-v [LTT1L-aV
ceol-vlol 9v8 DHVDVIDINNDIDDOVIDDHHY 0cLeyi-v 8¢9 Nd50HNDHOHDHOHYVHOHONDND 61LCYI-V OLTIL-aV
1261-£061 S¥8 HVODOHHONDDHVHVIION 8ILTYI-V LEY vHDHONODNODDOHVIIIDHOHOND LTLTYI-V 6911L-AV
I161-£681 18 YvODODHOHVYDHOHOVIDIDHDON QILTYI-V 9¢9 YO00D5HHN0D0D0NDIHDNN STLTYI-V 8911L-AV
0061-7881 £v8 VOVDNONIDHVIOVVYIIDOHV YILTYI-V L9 | VNOOODHNNDNDDVHVINDN eILTYI-V LO1TL-aV
0681-CL8I 8 | NVVVDDNDHNDHVOVONONON CILTYI-V €9 VOVOVONDNOVOVIONNNY TTLTPT-V 9911L-AV
LL8T-6581 I8 NIDONHOHVVVINVIDNVVVON OILTYI-V ££9 | VONNNvODHNVHNNNIVODY 60LTYT-V CoITL-aVv

123



PCT/US2016/038616

WO 2016/209862

8EYC-0CYe 168 | NNNDVVVVNNNDNVONNNN CI8TYI-V €89 | VVVVDNVOVVVINNNDVVY T118¢Y1-V SICIL-av
LTYT-60¥¢ 068 | VIANNNNVOVVINNNIVVVY 018¢YI-V 789 | NNNNDVVVVANDAVVVVV 6081~V YICIL-AV
81¥C-00v¢ 688 | VVVVVVINVVANNNNVOVY 808¢Y1-V 189 | NNOAVVVVVANVVANNNNN LOBCYI-V eIcIL-av
SOYC-L8ET 888 NNDNVVIVOVIIIVVVVVY 908Cr1-V 089 | NNNNNNOHOHOHNDNDNNVOVY CO8CY1-vV cIelIL-av
COLT-LLET L88 | VODDHDNNDDOHVNININVVIVI(L YO8TY1-V 6L9 VADNNVOVVIOIVVIIIDN 08¢y 1-V 11¢1L-av
C8ET-L9¢CT 983 | NHHHVOHVDHOHNVODDHDNNDN C08TYI-V 8L9 VIOVVIIIDNVIININIIIV 108¢Y1-V 01¢1L-av
C9LTPred €88 | NHNNDODHOHOHNAVOHNVAVONDN 86LCYI-V LLS VOVDNVAVONVIIIIVVIV LOLTYI-V 60¢1L-AV
RS YA AR 88 | DNOHHDONNDDONONNDDDN 96LCY1-V 9L9 VIDOVVOIVDDOHVVIDIOVD SOLTYI-V 80CTL-AV
6£eC-1CeC €88 | DNODNVVDHNOONDNDDODN YoLTYI-V SL9 VIDODVOVIDVONNVIDVD LOLIYI-V LOTTL-AV
0eeT-Clee 288 | NNHOHODOHNNDOHNOONVYDNIN CoLTYI-V VL9 VVONNvIHVIDVVIODIVY 16LTY1-V 90¢T1L-AV
LTET-66TC 188 vIo05HvDNOONNODNNNDODN 06LTYI-V €L9 VIODOVVVOVVDOVDONODDN 68LCYI-V C0TIL-aVv
90¢¢-88¢C¢ 088 vHODHNVNIODDDHVIODOVDNN 88LIYI-V (45 VvONnoOH0NdHOOVNVIION L8LTYI-V YOC1L-AV
L6CTT-6LTT 6,8 | NVOVVDNODDHVOHHDNVNIODN 98LTYI-V 1.9 VOOVNVIDINIHDHVONNINY C8LIYI-V 01 L-aVv
Y¥8CC-99¢CC 8L8 D0DDDHNODOHOHVADNVOVVIL Y8LIYI-V 0L9 VANDNVIVNIDIIDDHVIIDDD E8LIYI-V oC1L-ay
€LTT-SSTT LLY NNNS222M12NNDIDDDNON LTV 699 | VDVIDDDOHVVOHYVDDDDVVY 18LCY1-V 10¢1L-av
TPy Te 9L8 NNI235DHDHDN1DNNNDIIIN 08LTYI-V 899 | VDDDDHVYVVOVIODODDHOHOVY 6LLTYT-V 00C1L-av
£6CC-SETC CL8 DHVHVYIDHHOHONNDODDDOHDHN 8LLTYI-V L99 VYID0DHDHHVVIIIIDNOND LLLTYI-V 6611L-AV
0vee-Ceee VLY NndNO1HOHOHHONNDDOHVOHVIN OLLTYI-V 999 VDNONDOHDVVIIIIIDVOHV SLLTYI-V 8611L-AV
0eCC-CIe €L8 vIoDHNNONINDNONIDHDOHDHN YLLTYT-V €99 VIDODDVHVOVHVOVVODIN CLLTYI-V L61TL-AV
0TCC-20¢e L8 vHODNODHNOOVODNNDNON CLLTYT-V ¥99 | VDVDVVDDNDHOHVIDVOIDON TLLTYT-V 9611L-AV
80CC-061¢ IL8 VODONVIOINDOHDHVOHIDNON OLLTYT-V £99 vOHVODONIDOVHDNVDDDN 69LTY-V Sol1L-AV
961¢-8L1¢C 0L8 DODVVIVONVYDHVIDONV 89LTYI-V 299 | vNvOHDHOHNONNVOHNDNNDDD LOLTYI-V YoI1L-AV
L8IT-691¢ 698 VONOVINOVIODVVIVONY 99LTYT-V 199 | NvOHNobHNNOHOHOHNDHVOHNOVON COLTYI-V e611L-dVv
CLIT-LSTT 898 | VDVDDDNVNDDHNVDHNOVON YOLTYI-V 099 VDNOVINVIOVAVIIINON €LYV col1L-av

124



PCT/US2016/038616

WO 2016/209862

ceel DVDO PITIT LPLPNDOD 80T 1-V 906 IPIPVVD LOVCYI-V €Co1L-av
YOVIIODDOHVYIDDHVHOV NOHOHNDIHOHONONHNN VYOVIOODHOHVIDDVHOV

1cel VOO €ITl LPLPVDIO S0V CvI-V <06 LPLPVDD SOvevI-v c01L-av
DVDHHVYVOVONOHNVOHDN NvovOHNHNNDONIDOHDN DVDHHVYVOVINOHNVOHDN

ocel oNH CITI LPLPNDN YOYCri-v 706 LPILPVND cOrevi-v 1201L-aV
NVHODNVOHIOHONVDHVHV DNVIOOINVIINVIVN NvOHDNVHODHOHNVOHVDHY

61¢l DOHN ITIT LPILPVND Overi-v €06 LPILPVON 10vCrI-V 0201L-aVv
YOVOHVOHDDNDDIDHDHVN DOHDHOHVOHIDNONDNVIN VOVOHVOHDIONIIDDHVN

8I¢l noao OITI LPILPDOV 86¢Tr1-V 206 LPLPNDOD LOETYI-V 6101L-AV
VADNVIDHVVVIIINID DOHDHNNNODDHNVHVNDHHY VNDONVIOHVVVIOIINID

LIET \AA 6011 LPLPNDD 96€CV1-V 106 LPILPVVYV SoLTrI-V 8101L-AV
20D0ND0HNDNONVIDHY NvHvVHVYODHOHVHODNNN D0I0ND0HNONIDNVIOV

91¢l non 8011 IPILPVDN ToECr1-vV 006 LPILPNDN coLTrI-V LIOTL-AV
YOOHVOHDOHVYDIDHVYDIOHVYIN 2DHNOOOHNOINIDDNVHV YOOHVODHVIDOHVIOHVIN

SIel DOV LOTT LPLPVDOV ({3444 668 LPILPVDV 16€CTI-V 9101L-AV
DDVIONDDHOHVIIDHNDN DDVNDOHHVONDODNON 2DVONDOHOHHVNIDNDN

viel Vo 9011 LPILPNND 06€Cr1-V 868 IPIPVND 68€TVI-V SI0TL-aV
DNDHNVIDVYIVNIDOHVY D2DVNDHNDODNVIVIOHVN DNDHNVIOHVIVNIDOVY

clel DVDO SOT1 LPLPVVN 88¢Tr1-V L68 IPIPVVD LBETYI-V FIOTL-AV
VNDOOOHVVYIINIOHIVNN DOHYHOHNNDDHVNODNN VDDOVVYIDNIOIVNIN

clel 20D 7011 IPILPNDN 98¢€TVI-V 968 IPIPVND CRETYI-V €101L-av
DOVNNIIHODODHOHVIV DODDDDHOHHVVNDOOHV DOVNNDIHOHOHODHOHVIV

1T¢l DD €011 LPLPNDD P8ECrI-V 68 LPILPVDD €8ETYI-V CIo1L-av
YOVIDODHNDODBNNDDDDY DOVVOIHVOODHNDNDON YOVIODHNODHNNDIDIDY

oret DN 2011 IPILPODN T8ECrI-V 768 LPILPVON 18€CTI-V 1101L-AaV
NHODHBYIDBYVIDINVIOD vODHNNDHNDHOIVVYIN NHOIHBYIDBYVIINVID

60¢1 VOO 1011 IPILPVDN 08€Cri-v €68 LPLPVDD 6LETYI-V 0101L-aVv
NVODINDINIHVIDHOVIN DODNOHVHYVODHNVOHON NvoOIONINDHVYIHOHVIN

80¢1 noon 0011 LPLPDVD 8LETYI-V 768 LPILPNDD LLETYI-V 6001L-AV
VOODHVINODIDHVIODND DHNOHOHVDHNODDDNDDY VODOVONIDDHDHVIOODND

:ON uanbas ja8ae) yNJW :ON (.€£-.S) uanbag asuasnuy e\ 0310 ‘ON (.€-.S) duanbag asuag ETITN ETTN

a1 a1 Asuasspuy a1 03I[() ISUAg xapdngg

0ds 0ds 0ds

sauanbag pAIPOIA OO :L 3L

125



PCT/US2016/038616

WO 2016/209862

ovel vOb cell IPLPVDD OPYivi-v Y6 IPLPVOD SYYevi-v Iv01L-av
HNODODHNOOVODNIDIN DVIOONDHVIDIVIOIDN DHNDOHOHNOOVOHDNDDIN

6¢cel DOHN IeTl LPLPOOD 1244454 £C6 LPLPVDMN eYYevi-v 0v01L-av
200N10NIDNNIOVHDHDDH ONHOHVVDHDOHVYDHVOHDOVIN 200N12NIDNNDOVOHDHDH

8eel oon 0cT1 IPLPVDN rTri-v (443 IPLPVON Ivvevi-v 6¢01L-AV
NOVOHHHOHONDVVOVIN ONNDVHIDIODNDVVYDN NJvOHHHHONDVVOVIN

Leel DVV 6CI1 IPLPNDD ovveri-v 126 LPLPYVVV 6cvvi-v 8¢0TL-AV
DVONODHHVVHVIIIIV HDHNONNDIDVONINNN DVONDDHVVDHVIIIIV

9¢cel DV 8CIT IPLPVND 8EVIYI-V 0¢6 LPLPVV LEYTYI-V LEOTL-AV
D000VIONIHIDNDIV JvVODHOHVDHDHNDHDONN D000VODNDDOHNDOV

ceel DOD LTl LPLPVOD 9evri-v 616 IPLPVOD Sevevi-v 9¢01L-AV
NHOVNIIVIIODDNIDN vI5ODNHDHVADOVIDN NHOVNDIOVIIIDNIDN

eel 108 9CI1 LPLPDND Yeveri-v 816 LPLPVDD eevevi-v CeoTL-av
DNODNVOHVVYOHNDNDVDI VOVINNONVIHVODDN DNODAVHVVOHNDNDVDI

eeel VDN 4! IPLPONV cereri-v LT6 LPLPVDMN Ievevl-v Ye01L-aVv
DNDVIDHHVOHVVDNVD 2NNDNODDONIVIOVIN DNDVIDIDHVOHVVDIVD

ceel DOV 1% LPLPOVD 0everi-v 916 LPLPYVDV 6CYivi-v £e01L-av
DVVDNVIOIVOHVODND oNd2NHHHNAVINNDNON DVVDNAVIIIVOHVHDND

Teel VOV eCll LPLPDOD 8CYIv1i-v ¢l6 LPLPYVDV LTYTYI-v ce01L-av
HHNOHOHVOHNDODDIDD D20HHVONDIDVIONIN HDHNODHOHVOHNDIDDIDD

0cel 20D (44! LPLPNND 9TYvi-v Y16 IPLPVOD STYevi-v 1€01L-av
DODOOVODNVOVDDVY 2N2NvODNHDHODIODN DODOOVODONVOVODVY

6Cel DOHN I¢T1 LPLPDID Yrevi-v €16 LPLPVDMN eCrevi-v 0e01L-aVv
VYOVDDVVDVODNVDDD NvODNDNNIDNDNVIN VOVDDVVDVIDNVDDD

8Cel DN 0¢I1 LPLPNND reri-v 16 LPLPVDMN 1Pevl-v 6C¢01L-AV
VDODOVOVONVONDDOVY OVIONVONIONHIDNVIN VODOVOVONVONDDOVY

Leel nvo 6111 LPLPNID 0creri-v 116 LPLPOVD 61verI-v 8C01L-AV
NHOHVVOHVVDNOIVDDHY NOHOVONNDNNIDOVINY NOHOVVOHVVDNDOVDDY

9zel noao 8T1T LPLPNOD 8IYeri-v 016 LPLPNDD LIYCrI-v LT0TL-aVv
VODVDDOVDDHVODNODY YIDN102M102M102N1DDV VYDDOVDDOHVDDVODNIDV

geel VDD LTTT LPLPDND 91veri-v 606 LPLPVDD SIYeri-v 9¢01L-AVv
VIDNODHVIDNNDVOVD NIVvOHHNODDHVOIDNDIN VIDNOHDHVIONNDVHVD

el nno 9111 LPLPNOD YIvTri-v 806 LPLPNNOD eIveri-v Seo1L-av
VOVODDNOONVHVIDY NINVOHDHVIIDNDNIVYV VOVODONIOINVOHVIDY

eeel oon CTIT IPLPNDV CIveyi-v L06 IPLPVON TIyerl-v Y201L-av
VOVODVHVNDDNONIV DVIOVNONDDNIONVDN VOVODVOHVNDDNINIV

126



PCT/US2016/038616

WO 2016/209862

86¢T von 0ST1 LPLPONV oreri-v (4743 IPLPVON 16veri-v 6501L-AV
ONNO2NVODDDOVVNIVD NNOIIHNVHOVVDHVDN ONNIONVODDOVVNIVD

LSET vOb 6vIl LPLPONN 06vTri-v 16 IPLPVOD 68vrI-v 8501L-AV
DOVVAVOONVOVOVVYD oNHDNVHONVNNIDIDN DOVVNVOONVOVOVVD

9¢¢el nvo P11 LPLPOVD 88YCY1-V 06 IPLPOVD L8YCYI-V LSOTL-AV
VOVVDOVODOVONDND vYOono290N00NN2NDNV VOVVDOVODOVDNDND

geel VDN Ly1T1 IPLPNDD 98YIrI-v 6¢6 LPLPVDMN S8YCYI-V 9¢01.L-aVv
DNOONNNIININNIDY VYVDOVDDOVVVDDOVOVON DNOONNNIDNINNIDV

123 oon 9vI11 IPLPDDV Y8YTYI-v 8¢6 IPLPVON e8YCYI-V cso1L-av
2NN2OVONNIHHOHNDD 200DVVDNDHOHVVDHVDN ONN2OVONNIHODONDD

13991 nno SPIT LPLPNON wYeri-v LE6 IPLPNND 18¥CPI-V ¥S01L-AV
HHDNIDODDNIDVVHV NIDHVODHHOHVODODVY HHDNIDDDDNIDVVDHV

sel noo 1248 LPLPNON 08¥TrI-v 9¢6 IPLPNOD 6LYIVI-V £S0TL-av
VVODVVOVOVVVDAVDY vonnnodbnNodnndnnddv VVDVVOVOVVVDAVDY

IS¢l 9)A4 epll LPLPOND LYYV 1954 IPLPOVV LLYTYI-V ¢e01L-av
VDNVDVIONVIDVVIVD NnNOHAVHNONVINNND VODNVDOVINVIDVVIVD

0c¢l 91914 il IPLPVDD LYY~V 4% LPLPYVDV SLYTYI-V 1S01L-av
YOvHDNDINNIVOIIN 2NHVVHOHVYIONDNNIN VOVDDNDINNIOVOHIIN

6vel nov IvI1 LPLPVDV YLYTYI-V ££6 IPLPNOV eLYCYI-V 0S01L-aVv
HIONINVIONDHVONON DNDVIDNVHVHDONDY HO2N12NVIONDHVDNON

8Pel DNH Ovll1 LPLPVDD CLYTYI-V (433 LPLPVD ILYTPT-V 6v01L-AV
VYODNONDONVIVNOVDIN NOHVNADNVOVOVYINOVA VDNONINVIVIOVDIN

Lyel nvo 6¢1l LPLPNON OLYTYI-v 1¢6 IPLPOVD 69vrI-v 8Y0TL-AV
VNOVOINNINODNVDY vOOvVDVYVDONDHVNDNY YNOvOONNINIDAVDY

9vel DN 8CTT IPLPNDD 89V r1I-v 0¢6 LPLPVDMN LOYTYI-V LYOTL-aVv
YOVDNIDHNDOVODDIOV DODNDVIDVINOINVIN VOVONDDNOVIDDIOV

Shel 108 LETT IPLPODN worTri-v 676 LPLPVDD 19%TP1-Vv 9v01L-AV
DNVIONIVADNVOVID ONVOVNDVODNVDODDN ONVOONIVADNVOVID

Prel voO 9¢T1l LPLPDND 8SYIvi-v 8C6 LPLPVDD LSYTYI-V SYOTL-AV
YOVVDNDOOVDDNDVD YIODON2H0vVONNINODON VOVVDNDOODVOHDNDVD

epel VDD Cell LPLPND 125044% 4 LT6 LPLPVDD eSYvi-v YP01L-AV
vDNDOHVVOHVYDHDHDNDOHY JVIIDNINNDIVINIIN vDNDOHVYVOHVDHDHDNDDV

el nonob ell IPLPNDV 0Syeri-v 976 LPLPNDD 6vvevi-v eP0TL-AV
NnOHNAVHNDHOHVYVINNOV VDNIODIVINVIDVIOV NnaHNAVHNDHOHVONNIV

Ivel DVD eell LPLPVIOD YPYvi-v ¢co6 IPLPVVD LYYevi-v wo1L-av
NNOVVvNDvODHHNDHDN JVIIDNDHVANDVVDINN NNOovvNovooNHOHNDOHDN

127



PCT/US2016/038616

WO 2016/209862

9LET VOV 8911 IPLPVND cesTri-v 096 LPLPYVDV TesTrl-v LLOTL-AV
2DNVOHVDHOVDONVOV NVvOONOINDNVIDNON JDNVOHVDOVDONVOV

CLeT DOHN L9T11 LPLPVOD 0csTri-v 656 LPLPVDMN 6CSTrI-vV 9L0TL-AV
YOVNODNIDDNVVYIDN NNvODHVODVNDNVIN YOVvNODNDODNVYIDN

YLET dnv 9911 LPLPOVD 8CSTYI-V 856 LPLPVV LTSTYI-V SLOTL-AV
vYODHNOOHHHOVODDHDND D0DNDODDDVIDNNVL yIDNOHHODOVODDHDND

eLel DOD CoI11 LPLPOOD 9CeTYrI-v LS6 IPLPVDO CTeTrI-v YLO1L-AV
vO5DODNOONVOHNVIDD NVONVHOVIIIDNDON vODHDONOHONVOHNVIDD

cLET nvo YOT1 LPLPNOV 1449454 9¢6 LPLPOVD eCeerI-v eL0TL-AV
NnvoDHONDHOHVHIODNDV 2D2NDIVOHOODNVINY nvoboHONHOHVHIDNDV

TLET o0V €911 IPLPVDD 0cseri-v €56 IPLPVOV 615CrI-vV cL01L-av
DVVDIVIOVNIODNDIN VIOVNHVNDINNONDN DVVDHIVNOVNIDNDIN

0LET noo 911 LPLPODD 8ISTYI-V Y56 IPLPNOD LISTYI-V 1L01L-aV
NI2NI2NVHNVOHIVIOD NHONVONVOHVHOHVIDV NI2NINVHNVOHIVIID

69¢1 vDO 1911 IPLPONY 91STYI-V £56 IPLPVDO CISTYI-v 0L01L-aV
vI2DDNDDOHOVOVDNVY oNDHNHOIVIDHDHNDON VIDODDNDDOVOVONVY

89¢1 DOD 0911 LPLPODN YISTYI-V 56 IPLPVDO eISTrI-v 6901.L-AV
VOVODNVVDNDDNVVOD NVIDVINNVINDNDON VOVDNVVDNDDHNVVID

L9¢T nonn 6511 LPLPOOD O1sTPI-v 156 LPLPNDN 60STrI-vV 8901L-AV
VODAVVVYVDNNNIVODD NHVVVONNNVIDNVIV vODNVVVDNNNIVODD

99¢1 5NN 8611 IPLPNNN 80STY1-V 0%6 LPLPVIN LOSTYI-V L90TL-aVv
NIOVHOHHHVOVDDOVVYY DOONONIIDINDVVV NIOVOHHHHVOVDDIVVYY

co¢ct VDD LSTT LPLPDON 90STr1-V 676 LPLPVDD COSTrI-v 9901.L-AV
DVVVONVNDDOVOVDD oNHOOHVAVOHNNNDIIN DVVVONVNIDOVOVDD

Y9¢1 DO 9¢T11 LPLPVIOD YOSTYI-V 8¥6 IPLPVDO e0STrI-v €901L-aVv
YDOVDODNONNDDDODN D0DOVVOHVODONDNDIN YOVDODNONNDDDODN

£9¢l onn CeIT IPLPNND osTri-v LY6 LPLPVIN 10STPI-v ¥901L-AV
ODDHDONDONDNVVIVY NNVIVHOVIIIIDVVIL ODDDDNDONDNVVIVY

9¢1 nvv PCT1 LPLPNID 00sTPI-v 916 LPLPNVV 66vr1-vV £901L-aVv
JVVDDDVVDVODVDDV NnaDNONNIDONNDNNY JVVDDDVVOHVODVDDV

19¢1 VvD 13901 IPLPDNN 861vr1I-v 944 LPLPYVD LovivI-v 901L-av
VYIDVDDHVONIIDDOVVD 20HHVDHNODNDDNINN VIOVDHVONDIIDOHVVD

09¢1 noao 43! IPLPNDD 96vr1-v 6 LPLPNDD Sovevi-v 1901L.-aV
DOHVVINNOIDHOHVVIIV NNIDIDVVYHNNDODDV DHVVINNIDOHOHVVYIOV

65¢l DOHD IST1 LPLPVVD Yorevi-v £¥6 LPLPVDD covvi-v 0901L-aVv
YVIOVDDNOVVININN vHNNHVOONDDHNNDIN YVOOVDDNDVVYININN

128



PCT/US2016/038616

WO 2016/209862

Y6¢£1 nonn 9811 LPLPODO 89STY1-V 8L6 LPLPNDN LOSTYI-V S601L-AV
N2HHOOHNHDNDDVOID NOHVIOVIDHIDDVVIV NnaHHOHDHNODDNDOOVOOD

£ocl DOHN G811 LPLPNND 99CTY1-V LL6 LPLPVDMN COCTYI-v ¥601L-AV
DDVDDODOHDNVIOVNIDVY YODNVIIIDINDDVIN DDVDODOHDNVOVNIDVY

c6e1 nvo Y811 IPLPVDN YOSTYI-v 9L6 IPLPOVD e9CTrI-v £601L-AV
vNOVVvVOHDONHOVAVIN VOO VIIDNNIOVNDNY VNDOVVIDHHNHOHVAVIN

T6el DNH €811 LPLPVV osTYI-v SL6 LPLPVD 196TP1-V 601L-av
DVNVONIDVVOHVONVA ON2NNOHVHNVAIIVA DVNVINDOVVOHVDNVA

06¢1 VOV 811 LPLPOOV 09sTPI-v VL6 LPLPYVDV 65STrI-v 1601L-AaV
DNVNDHNODVIOHVONDD DNODNDOOHVIOVNAVINOIN DNVNDNDOODVIDHVONDD

68¢1 91914 1811 LPLPVDV 8SSTYI-V €L6 LPLPYVDV LSSTYI-V 0601L-AV
2NHDOODIVVYVIDNON 2DNNNHOHHHOOVOHNIN ONDDOOIIVVVIDNON

88¢T 9)A4 0811 LPLPOON 9SS~V L6 IPLPOVV CECTrI-v 6801.L-AV
vIDNONOHVOHVDOVDD HINONDDVHVODNNND vIDNONODHVHVHIVDD

L8ET VOV 6LT1T LPLPOND 12374454 1L6 LPLPYVDV eSCTrI-v 8801L-AV
HOVDONDHDNDODIIVD HODHDHYIIVIINDONON DOVDONDONDIDIIVD

98¢l noao 8LIT LPLPVOD (4574 4% 4 0L6 LPLPNDD 1SSTrI-v L8OTL-AV
DOOVHNVNDVHDNIDN VYOONIvVNVONHDODHOHV DIOVOHNVADVYHDNIDN

C8¢el nov LLTT LPLPOND 0ssTri-v 696 LPLPNDV 12544 9801.L-AV
HDHNODNDINNDVOHIVD ONDVVHHVODVIDNIV HDHNODNIONNDVHOVD

¥8¢1 nov OLIT IPLPVDD YSTY1I-vV 896 LPLPNDV LYSTYI-v C80TL-AV
DHOVDDONDHOHVOODHDHION D052 N0DVIDNDONDV DOVDDNDHOHVOHIDHDDON

€8¢l DOD CLIT LPLPODD 1254404 L96 IPLPVOD SYeTri-v ¥801L-AV
DOONOVHHOHDONNDID YvDODI22NDVHDOODN DI2NOVOHHDHDONNDID

81 DOHD YLIT LPLPDON 122044% 4 996 LPLPVDD eYSeri-v £801L-AV
oNN2OHOOHHHOHNDVDD DVIIIIDDDDHVVDION ONN2OHOHOOHOHNDOVOD

18¢1 DOHD L1l LPLPVOD (42744% 4 €96 LPLPVDD 824454 801L-aV
NHVHIOVAVVYINDODN ovDNNVNDDHONOVION NHVOHIOVAVYONDHODN

08¢l von CLTT LPLPDOND ovseri-v 96 IPLPVON 65T~V 1801L-AV
HODHNONVODOODDOHVD 20D0D0DNVIOVIDOVDN DODHNODNVIDIODDODOVD

6LET DIO ILTT LPLPVO 8ESTYI-V £96 LPLPVDD LESTYI-V 0801L-AV
HHOVHOVOHDHDHHOHVDHDN DN1230321D01202DDN HHDOVHOVHDDHDOHOHVDHDN

8LET DOHD OLTT LPLPVO 9eCTrI-v 796 LPLPVDD CeCTrI-v 6L0TL-AV
HVDHNDHNODYHDHNDN VYIDONIHVIOIVIINIION HVDHNDOHNDDOHVOHDONDN

LLET noo 6911 LPLPNON 14374454 196 IPLPNOD eeCTrI-v 8L0TL-AV
vVODNDNVVDVIDNVOHV VIDNDNNVIVIDNIDV VODNDNVVDVIDNVDV

129



PCT/US2016/038616

WO 2016/209862

(44! nonn Y0C1 LPLPDOD YO9TY1-v 966 LPLPNDN 09y I1-v CITIL-av
DODVHVDHODNDIDIDD DDDHVODONINIDOVIV DODHVDHVDODNIIDIDD

R4t DN £0¢l IPLPONV 09Tri-v €66 LPLPVDMN 109¢v1-V IT11L-av
205D0DHDI0DODNDONVDI DOVODODHDHODODHOVIN D0HI2DDIDIDNDONVD

01¥1 DNH 0l IPLPDND 009¢v1-v Y66 LPLPVD 6651~V OIT1L.-aVv
ONVOVDIDNDVOIIVI DONDHVODONDNVOOV ONVOVOIDNDIVOIDVDI

60v1 no 10¢1 LPLPDON 86SCY1-V £66 IPLPND L6STYI-V 601TL-AV
VYDOOVIOIVOONIIDOVDD HOHDOVDHONDONDDINDY VYDIIVIOVOINIIOVDO

8011 vDO 00¢1 LPLPOVD 9651~V 66 IPLPVDO CoSTrI-v 801TL-AV
NI2IvVHODHNDHOHOODND 200DV IDHONHHHOHVDHIN NI2IVHODNDOHOHDOHND

LOVT noo 6611 IPLPVDD 1434454 166 IPLPNOD £oSTYI-vV LOTTL-AV
HHDNODOVIHVHNDIN vIoNnd2HNHOHIDBVIIIIDV HHDNODHOVIDVYDHNDIN

90v1 VDN 8611 LPLPDND osTYI-v 066 LPLPVDMN 16STPI-Vv 901TL-AV
DONVIOVVIVIADNVDVD nvovnodNNodNvoHodHvon DONVIOVVIVNIINVOHVD

Sovl ovi L6l11 LPLPDON 065TPI-vV 686 LPLPVV] 68STrI-V SOITL-aVv
IONVDVYIDHVVIDHIIVDD HHODNNDONDONVOVIN ONVOHVIHVVIDIIVDD

YO¥1 vOb 9611 LPLPNOD 88STYI-V 886 IPLPVOD L8STYI-V YOI1L-AV
DOVHODHDHOVOVDIDV oNHNHODIDDINDHDIDN JOVHODHDHOVIVHIDV

13041 VOV Soll LPLPVDD 98T~V L86 IPLPVOV CRCTYI-V 01TL-aVv
DOHVHVYDHDHNDHOHVYIDON DHNOOVOINDNDDINDN HIHVHVHONDDOHVIDON

vl DOHN Y611 LPLPDOD 1234454 986 LPLPVDMN £8CTYI-V or1L-av
HOHVODONHNDONNIDD YVDOVOVDOIDNOOVIN HOHVODONDHNDHINNDDD

10¥1 onn €611 LPLPNOD sTri-v €86 LPLPVIN 18STHI-V 10T1L.-aV
DDDDOVOHVDONNIIDV DVVDINONDOHIDVV DDODOVOHVOONNIIDV

00¥1 DO 611 LPLPDON 8LSTYI-V 786 IPLPVDO LLSTYI-V 00T1L-aV
YOvODODNIDVIOVDD 2DNOHVIHOOHNDNDON YOvODODNIDVIDVDHD

66¢1 noo 1611 LPLPOOD QLSTYI-V £86 IPLPNOD SLETYI-V 6601L-AV
YODVDDONDODDHVOHDD NIOHHVHHONDDNIDV VYOOVDODNODDDOVODD

86¢1 DD 0611 LPLPVOD YLETYT-V 86 LPLPVDD eLSTYI-V 8601L-AV
YDHDDDOVIONNDNIDN YOVVDDNDOIDONIIN YDHDDODOVODNNONIDN

Lecl nno 6811 LPLPVIOD £E86L1-V 186 IPLPNND 7e86E1-V 8Yr69-AVv
NIDNDIVVVVHIVDDN NHONNNNDOHVIDVOHVY NIDNDIOVVVVDOVDHDN

96¢1 VvV 8811 IPLPVDN CLSTYT-V 086 LPLPYVVV [LSTYT-V L60TL-AV
vDHOVHDHNDHINDDOHVIN 20HOvVDOVIONHIONNNN vDOVDONDONDHHOHVIN

Socl noo L8IT LPLPOOD 0LSTYI-V 6L6 IPLPNOD 69STrI-vV 9601.L-AV
HVONOODHNDHNDNNDDD VYVOVODVIDVDNDIDV HVONOHNOHNDNNIDD

130



PCT/US2016/038616

WO 2016/209862

0l nov (444! LPLPDOND ovoTyi-v Y101 LPLPNDV 6£9Cr1-V 0cT1L-av
DONVONNIDVINVOVD NvOHNDHOHVVDHNVOONOIV DONVONNIDVINVOVD

6Chl noao k44! IPLPODD 8LITYI-V ¢101 LPLPNDD LEITYI-V 6CITL-AV
YONnvovoHOoDHNDODHVIID N2HVvODHONINVONDDY YONvovoHODNIDVIID

8Crl noo 0c¢cl LPLPDOD 9e9Tr1-v 101 IPLPNOD CEOTYI-v 8CITL-AV
YID0DDVDHNDODOVIDD NIDHVONDHOHHDNIDV YID0DIVDHNODDOVIDD

Levl noo 61¢I1 LPLPNVD YeoTri-v 1101 IPLPNOD eeorI-v LTITL-AaV
DVODODNDHOHVIODNV DHOHNODOVOIDODNIIDV DVDODODNDODVIODNV

9vl DVD 81¢CI LPLPNID eoTri-v 0101 IPLPVVD 1e9Tv1-v 9CITL-AV
2DNvOONNHOHODVDHDVY N3HOOVVHDHNVIDDNN 2DNVOONNHOHODVOHOV

544! nno L1Tl IPLPODN 0e9Tri-v 6001 LPLPNNOD 609V 1-V SCITL-aVv
DIDVOHDHVVINNIDVID JDVVDNNDDNIDIIVYV DOHVOHDHVYVYINNIDVID

1d44! noo 91¢I1 IPLPVND 8COTY1-V 8001 IPLPNOD LTOTYI-V YCI1L-av
VID0OVODNDHOHVVIV NNOHVYOHNDHHDNIDV VIDODVODNDDHVVIV

1 X441 DNO cret LPLPVIOD 9C9TY1-v LO0T IPLPVND CCOTYI-v eCITL-av
DVVOVADNDIONIDON DVDHIVOVNDNNODV DVvVOVvVNHNHIONIDHDN

(444! nono 144! LPLPVIOD YoTri-v 9001 IPLPNDD eCOrI-v CriL-ay
oNOHHNVHONDHODHDN DDOVIINVIIDVDDIV oN2HHNVHONDHIODHDN

k44! nono eIelt LPLPVOD oTyi-v S00T1 IPLPNDD 1291~V ICI1L-av
HHDNDHNOVINVIDODN IJDNVOHNDVIVIIIDIOV HDHOHNDNOVINVIDIDN

0crl onv [qy4! LPLPDON 0coTyri-v 001 LPLPVV 619Cv1-V 0¢r1L-av
DDODNVVADOVDOHVDD 20NHOVNNVIDODNVA 2DODNVVNDOVOHDVDD

61v1 nono 11¢1 LPLPNON 819¢Y1-V €001 IPLPNDD LI9CYI-V 6111L-AV
YDDVDODVIDIIDVDY 0DDHOHOHNIDONIDNDIV YDDOVDOHVDODDODVDY

811 20D 01¢1 IPLPNND 919Cv1-V 2001 IPLPVOD CI9CYI-v 8I1TL-AV
YOVDIDODNVODIIVY DODNVYIDODONDNIDN VYDOVDODDHIDNVIDIIVY

LT¥1 nvo 60¢1 LPLPDID YI9Tv1-V 1001 IPLPOVD eI9erI-v LTITL-AV
DOOVVONVOINDHODDHOD 2DOVHNVYHNNDDODNV DIOVVONVYINDIDOHDD

91v1 nvo 80¢CT LPLPDD CI9Tyi-v 0001 IPLPOVD 119¢v1-V 911TL-AV
NHOOHHHOHDHNDDODDD D0DDVIOIDIIDDOVONY NHOHHHOOHDHNDOHHDHD

SIvl noo LOTIT IPLPNDN 019¢v1-v 666 IPLPNOD 609CY1-V STITL-AaVv
HHDOHHONDDNDNVIV VIOVIDVDIIDIIIIDV HDHDOHOOHOHINDDNDNVIV

144! noo 90¢1 LPLPDOD 809¢Y1-V 866 IPLPNOD LO9CYI-V YITIL-AV
NHNAVOVODHODNIDOIDD JDVODODNDNVIVIDY NHNAVIVIDIDNIDIDD

vl DNO cocCI LPLPNOD 909CY1-V L66 IPLPVND S09CrI-v eI11L-av
HIDHOHOVNONDNDIDV JVIOVOHVNDODODIDHVN HODHOHOVNONDNDIDV

131



PCT/US2016/038616

WO 2016/209862

8Pl 108 ovcl IPLPDDV 9L9TYI-V 01 LPLPVDD SLOTYI-V P11L-AV
YODVIONHNNDODDNID D0DDHVVOVDHNOONDHDN vYDDOVYONDHNNIDODDNDD

Lyvl 20D 6¢Cl LPLPDD YLOTYI-V 1¢01 IPLPVOD eLITYI-V LY1TL-AV
DNOODOHOHVHOHYIDHDDDD D00DNODNDDDDHVYIIDN DNODOHDHYDHOHYDOHHDHO

144 DVD 8¢CI LPLPVDD CLOTYI-V 0¢01 IPLPVVD 1L9TPT-V 9vI1L-AV
HHDDODHNDODVYIDON DNODOHVIODOIDIDNN HHDHODHDNDODHVIDIN

924! noao LETT IPLPODN 0L9TYI-V 6201 LPLPNDD 699CY1-V SPITL-AV
DVODONIDNDIOVIOVID DNODOVODHVOHOONIDDY DVODONODNDIVIVID

244! nono 9¢Cl LPLPOON 899¢Y1-V 8201 IPLPNDD LO99TYI-V YrI1L-AV
YIvVIIIONIDNDVVDHD NOVIHVHHDHNDNDOV YIVIIIINIDNDHVVDHD

324! DN ceel LPLPNID 999CY1-V LT0T1 LPLPVDMN SO9CYI-v ePI1L-AV
DVVDHHDOHNVIONODOV HVDDNVIDIDNNIVIN DVVDDHDHOHNVIONDDDV

(444! nv el IPLPDND Y99TY1-v 9201 LPLPNV £99CYI-V TrllL-av
DONIDDHVIIDIVIDVIVD NnoHNHHODHNDODHVOHONV D0NIDDHVIIIVIDVIVO

R4 4! ov eeCl LPLPVOD 99TrI-v ¢aol1 LPLPVV 1991~V IvI1L-av
DDVIOVODIDIDVIVIIDN HNDHNOHHODOHNDNIDNN DDVIVIIIIHVIVIODN

V44! oVO [4¥4! LPLPNOD 099¢v1-v 201 IPLPVVD 659 1-V ovliL-av
JDNVOHDOHVDHHVYDDIDV 2DNDI2MN1I2NVODDNN JDNVDHHVDHDHDOHVDDHIDV

194! DOV Iecl LPLPDND 8S9TY1-V €201 LPLPYVDV LSOTYI-V 6¢ITL-AV
JDDHVVIDIIDHDNDVD vI2D05HDH0DNNDDHODNIN JDOHVVIDIIDHODNHDHVD

eVl DO 0ecl LPLPDND 99TY1-V 01 IPLPVDO CCOTYI-v 8C1TL-AV
DDDNDVIDOVOHVDNDVD YOonNonNoHNovodHHON 0DDNDOVIOHVOHVDNDVD

LevT VDN 6CCl LPLPOVD 125:044% 4 1201 LPLPVDMN eSOTYI-v LETTL-AV
HVOOHOHODHNDDNVNIDND YOvVODVIIIDDNOVIN DVODOHDHONDOHNVNIDND

9evl DNO 8CCl IPLPVN eoTri-v 0¢01 IPLPVND 1S9Tv1-V 9¢ITL-AV
DNVNDNIIDOVVOVVN ONNIIDOHVIOVAVIDVN DNVNDNODDOVVOHVVA

Sevl DOV Leel LPLPODO 0s9TvI-v 6101 LPLPYVDV 6Y9Cr1-v CeITL-AVv
vOvvNDNOOHDHNDDOD DVIIDOHVOVANINNIN vOVvVNDNDOOHDHNHDOD

234! DD 97¢l IPLPODD 8Y9TY1-v 8101 LPLPVDD LY9TY1-v Yelll-av
NHOOHHONDNDDNDDD YIOOVOHVDIIDOIVION NHOOHHONIDNDDNIDD

eevl ono geel IPLPDD 9Y9TYr1-v L10T1 LPLPVD SYOTrI-v eelTL-av
DHNODIDDHOHIHHOOHID D0D0DIDHIIDHOHVIIV DNODIHDODOHHDHDOD

(434! DOHD 114! LPLPND YroTyi-v 9101 LPLPVDD eYOrI-v cerlL-av
DODOHHNHVIDHOHVHOV ONDI3DDNDVIIDHIDIN HIDOHDHNHVIDDOHVDHDHV

Tevl vOb 144! LPLPNV woTri-v c1oT1 IPLPVOD Iv9Tv1-v IeriL-av
HHOHVDDHVDHDINDVDONY HINDVDHOONDDNDDDODN HHVDHHVYDDONDVHONY

132



PCT/US2016/038616

WO 2016/209862

99p1 91914 86¢CI IPLPOVY CILTYI-V 0501 LPLPYVDV T1LTPT-V 9911L-AV
DVONDNDVOVIONNNY vDDNDNOHVOVONININ DOVONDNDVIOVIOINNNY

Sovl oon LSTIT LPLPNID OILTYI-V 6701 IPLPVON 60LCYI-V CoITL-aVv
nNvooDNvONNNIOvVHHY NOVVVIONVODNVVVDN nNvoonvoNnnidovoodv

Yov1 5NN 9¢¢l LPLPVVD 80LTYI-V 8701 LPLPVIN LOLTYT-V YOrI1L-AV
NIVOHOVINOIVONIDNN DVDNDVOHNIINDVVV NOVOHOVINOIVONIDNN

134! von ceel IPLPODD 90LTYT-V LYO1 IPLPVON SOLTYI-V e911L-aVv
ODNNHVOHHHVVDHVIID NINNDIDNOVVIDVDN 2DNNDOHVOHHDHVVYDHVIDD

o1 DOHD 1274t IPLPONY YOLTYI-V 9101 LPLPVDD c0LTY -V oT1L-av
VYVDVIDONNNVVINVY DNNVVVHHDNONNDIN VVOVIOONNNVVINVY

19%1 nnv 13941 LPLPVVYV OLTYI-V 940! LPLPNNOV 10LTP1-V 1911L-aV
vonvvoononononnn DVDODVIINNVDHNNVY vonvvoonnodononnn

09%1 DO [4y4! LPLPNND 00LTYI-V P01 IPLPVO 669CY1-V 0911L-aV
NINNNDIOVIIIIDIDVY HHDDHOHOHNDOHVYVVOHVDN NINNNDIVIIDIDIDVY

65P1 108 16¢1 LPLPNON 869CY1-V £y01 LPLPVDD L69TYI-V 6S11L-AV
D0DVVDDNDNIOVOHVDY 2NHVHVIONNODDOHDON DODVVDDNDNDVOHVDY

19 41 nov 0¢¢1 LPLPNID 969CY1-V 01 IPLPNOV Co9CYI-vV 8S1TL-AV
DVOVOVVDOVODVDOHY NnaHNOONNDNDNDONDV DVDOVIOVVDOVODVDHDY

LSYT VDD 174! IPLPDO Y69TY1-v 101 LPLPVDD £69CYI-V LSTTL-AV
vIOvVDOHVODHIDNDDD DVIDHIOHNIDNDDNDIN vIDHVvHOHVODHODNDDD

9Svl DN 8¥Cl LPLPNID e9Tr1-v 0v01 LPLPVDMN 169Cv1-V 9¢T1TL-AV
DHOHDHOHOVVIIIIDDDY 0DDHOHVNNDDODIDOVIN DDHDHODOVVNIDODDHDV

99 41 noao Lyel LPLPOOD 069CY1-V 6¢01 LPLPNDD 689CY1-V CCITL-av
DDDDVYOIDODVIOVODD NHNOHHOHHNDDIDDDY DDDDHVIIDODVIVODD

124! 108 9v¢l LPLPVVYV 889CY1-V 8¢01 LPLPVDD L8ITYI-V YeI1L-AV
DVOVDOHDHNDHHONNNNN YvDOOVIOINDNIDON DVOVvDHOHDOHNDHOONNNNN

13941 DON Syel IPLPOVD 989CY1-V LEOT IPLPVON CR9TYI-V eSITL-av
NNANHVOINIDONNIND VVDDDVDNDVVVVVDN NNNNHVYOINIDDNNIND

(454! oon 1244 IPLPNND Y89CTY1-V 9¢01 IPLPVON £89CYI-V ¢eT1L-ayv
NINDIHDOHOHODHVOHVIVY NINDHI2I3HDHVHVVYDN NIN2DHOHHOOHVOHVIVY

I1S¥1 91914 vl IPLPVND 89TrI-v Seol LPLPYVDV 1891~V IST1L-aVv
DVOVVDHDHDNODOOVA HOHVOIOD2MNNDNDNDN DVOVVYVDHHDONODOOVA

01 DD il LPLPODDD 089¢vI-v e01 LPLPVD 6L9TY -V 0ST1L-av
NIDIIVNVIOIDNIIDID HHVIDDHNVNDHDODOHVIN NIHOIVNVIIDNIIDID

$124! DN k74! LPLPDND 8LITYI-V £e01 LPLPVDMN LLOTYI-V 6vITL-AV
D2DDIDDHVIDOVHHVD oNHOHDHNDODHOHODOHVIN D0DIDHHVIIIVHHVD

133



PCT/US2016/038616

WO 2016/209862

8¥1 108 9LCT IPLPDDV VLYV 8901 LPLPVDD LYLTYI-V Y8I1L-AV
DOHVOHVVONIDHVDNDD ON23DVDHNNDNDDDDN DDHVDOVVINODDHVONDD

e8Y1 DOV CLTl LPLPODD OYLTYI-V L901 LPLPYVDV SYLTYI-V e81TL-AV
DNOOOHNNONNNNVIODD NVVVVDVYVODHDOHVDONON DNOOHOHNNINNNNVIOID

(414! nnn YLCT IPLPNDD YYLTY1-V 9901 LPLPNNN eYLIYI-V gr1L-avy
NvooHONIINDVIIIV DNOVODVIODDNVVVY NvODHOHNIDNDVIIIV

18%1 nov eLTl LPLPOOD TrLTY1-V €901 LPLPNDV IvLevl-v 1811L-AV
200VONvoNndHNInovdoH DVODHVONVONDDDNOV 200VINvoNdOHNIHDH

081 noo cLel LPLPNID OvLTY1-v 901 IPLPNOD 6LV 0811L-AV
N3HHHHVOIDVIDDDY ODNOHONIDIDDVIDY NIHHHOVIDHVODDHDY

6LY1 20D ILel LPLPOVD 8ELIYI-V €901 IPLPVOD LELTYT-V 6L1TL-AV
VIDDOHVVYVVIIDDDND 205HNNNNDDIDNIDN VIDDOHVVVVIDHHDND

8LV 20D 0Lcl1 IPLPODN 9CLTYI-V 7901 IPLPVOD CELTYI-V 8LITL-AV
DDHNIDVHVNIIVOHVID oNHOHVNONHDHVIDIDN DDOHNODOVHOHVNIIIVOHVIO

LLYT noao 69¢1 IPLPDNN YeLTYI-V 1901 LPLPNDD CELTYI-V LLITL-AV
VOVOOVDNNDDVIVVD DNODVVINDHNONDOV VOVIOOVONNIDVIVVD

9LY1 noo 89¢C1 LPLPOON CeLTYI-v 0901 IPLPNOD TeLevl-v QLITL-AV
VOVVIONIHOHVIDDVDD 20DNDHVHDNNDNDDV VOVVOINIDVIDDHVDD

SLYT noo L9T1 IPLPDD 0cLevi-v 6501 IPLPNOD 6CLTYI-V SLITL-AV
vI5HOHVvHHDONDNDNDD VIVIVIIIINIIDNDDV vIDHDOHVHOHODHNDNDNDD

YLY1 nonn 99¢1 LPLPOVD 8CLIYI-V 8501 LPLPNDN LTLTYT-V YLITL-AV
DNODNVINDOVVDDDND DONNDOVDONVODVIVIV DNOONVONDVVDDDND

Lyl nov c9tl IPLPDDV 9CLTYI-V LSOT IPLPNOV STLTYI-V eLITL-AV
YDHDDNIDINNIVINID DNOVVDHHVDOOONNDV YODDNIDINNDIVINID

(454! nno Y9C1 IPLPVDD YCLTYI-V 9¢01 IPLPNND CCLIYI-V CLITL-aV
vYIono2H0ONHNODNIIN VYODVOVOODDVONDVY VYIono225H60N1HNODNDIN

ILP1 DNO £9¢1 LPLPVOD CCLTYI-V SsoT1 IPLPVND 1CLTY1-V [LTT1L-aV
DNOONVOHDNDONIDIDN DOHVOHVIONVOHOHVIODV( DNOONVOHDNDNIDODN

0LY1 noao 91 IPLPOVD 0cLeyi-v 601 LPLPNDD 61LCYI-V OLTIL-aV
2DNDHOHOHVVHOONOND YIODINM1D2I3VIDDDV 2DNHOHHOHVVDHODNDND

6971 VDD 19¢1 LPLPOVD 8ILTYI-V €501 LPLPVDD LILTYI-V 6911L-AV
DHNONDOHOHVIIIDOODND 20HDHDHNIDOHVHVIION HNONDDOHVIIIDDONND

89711 voO 09¢1 LPLPVVD QILTYI-V 501 LPLPVDD SILTYI-V 8911L-AV
2DDDNDIDONDIDONN JDDHVDHOHOHVYIDODHON 2DDDHNDIDINIIDONN

L9Y1 ono 65¢1 LPLPVOV YILTYI-V 1501 IPLPVND eILCYI-V LOTTL-aV
2DDHNNDNODOHVHVONDN DNONDDVIVVIOIDOHVN 2DDNNDNOOHVHVONDN

134



PCT/US2016/038616

WO 2016/209862

051 onn Y6C1 LPLPOOD Y8LIYI-V 9801 LPLPVIN E8LCYI-V oC1L-ay
DNVOVNIDODVIIDDD DOHNODHOHOHVNADNAVOVV( DNVOVNIDODVIIDDD

1061 91914 £6¢Cl IPLPNON LTV ¢80T LPLPYVDV 18LTYI-V 10¢1L-av
D0DDOHVVOHVDDDDVVY NID02NINNDIDDDNIN D0DDDVVDVDDDDVVYY

0051 VDD 61 LPLPNND 08LTYI-V 801 LPLPVDD 6LLTYI-V 00C1L-av
DOHVVVIOVIIIDDDHDOVY 200DDDNDNNNDDDDN DDOVVVOVIIIDDDDOVY

66v1 voO 16¢1 IPLPOVD 8LLTYI-V €801 LPLPVDD LLLTYT-V 6611L-AV
DDDHDOHVVIOIDIDNOND YODDOHDNNDDDDDODN 2DDDDOHVVIODIDNOND

8611 DN 06¢1 LPLPNON OLLTYI-V 801 LPLPVDMN SLLTYI-V 8611L-AV
DNDDDHVVIIDIIDVHY 2DDHDOHDHNNDOHHOHVOHVIN DNDIDVVIIIIIDVHV

Levl 108 68¢1 LPLPVOD YLLTYT-V 1801 LPLPVDD CLLTYI-V L61TL-AV
DODVOHVOVHVOHVVODN nnoaNdNdBNdNOHHHOHON DODVOHVIVHVHVVODN

96v1 VOV 88¢CI LPLPVDD CLLTYT-V 0801 LPLPYVDV TLLTYT-V 9611L-AV
DVVODNDOHVIDHYDIDIN HNODNDIVIDNNININ DVVODNHOHVIDVIDON

Sovl 91914 L8TI LPLPVIOD OLLTYT-V 6L01 LPLPYVDV 69LTYI-V Sol1L-AV
2D2ND22vVOHOHNVOHDHDN oNvoOooNHHoHvHODNON 0DO2ND2IOVHDHNVDHDN

Yo¥1 dnv 98¢I LPLPOOD 89LTYI-V 8L0T LPLPVV LOLTYI-V YoI1L-AV
H5HDNONNVOHNDNNDDD VVOVONVVDVODONV H5HDNONNVOHNDNNIDDD

covl nvo ¢8¢CI IPLPVDN 99LTYT-V LLOT LPLPOVD SOLTYI-V e611L-dVv
NnHNNIHHNHVDHNDVIN DVONOVIDDVVIVINV NHNNDHHNOHVONIVIN

(434! VDN ¥8¢C1 LPLPVDV YOLTYI-V 9L01 LPLPVDMN LOLTYI-V col1L-av
DVINVIOOVAVIIDNIN H5ODNVNDDHNVOHNDOVIN DVINVIOIVAVIIININ

T6¥1 voO £8¢C1 LPLPNON wOLTYT-V SLOT LPLPVDD 19LTP1-V I611L-av
ON2N2NNNNDIVOVHY ONDDVVVVDHVDVDDHDN ON2N2NNNNDIVOVDV

06¥1 nnn (414! IPLPONY 09LTYI-V YLOT LPLPNNN 6SLTYI-V 0611L-AV
DOVOHVDVIDIDOVAVY NHOHDOHOHNONINDDOVVY DOVOHVOVIIIDOVAVY

68Y1 108 18¢1 IPLPVDD 8SLIYI-V €L0T LPLPVDD LSLTYI-V 6811L-AV
VOVVDNNNIDOVVIIIN DNNDDVVVONNVADDN VAOVVDNNNIDVVYIDON

8811 noo 08¢1 LPLPOON 9SLTYI-V cL01 IPLPNOD CCLTYI-V 8811L-AV
YvOoIoNHNHOHVOHOVDHD D0NIDVIVDDDNNIDV YvoooNnoinNdoHvoHoOHvHD

L8YT DVD 6LC1 LPLPNID YSLTYI-V 1L01 LPLPYVD eSLTYI-V L8ITL-AV
HVDOHNVIONDDHHDHOV 200DVHDNVIINDINN HVDDHNVIONDDHDHDHV

98p1 noo 8LCI IPLPDO SLTYI-V 0L01 IPLPNOD I1SLTPI-V 9811L-AV
HOHDHVDOHHOHNVVIDVDD NIDNNVIIONIDIDIDV HOHDHVDHHDNVVIDVDD

C8Y1 nvv LLTT LPLPNND 0SLTYI-v 6901 LPLPNVV 6YLIVI-V C8ITL-AV
JDVDHHVIIIDOVOHVY NX2HHDHN1022N1IDNNV JDVDDHHVOIDDOHVOVY

135



PCT/US2016/038616

WO 2016/209862

SISt VvV LOCT IPLPNNN CI8TYI-V 6601 LPLPYVVV T118¢vI-V SICIL-av
VONVOVVVANNNDVVY IVVVVINNDAVINNNN VONVOVVVANNNDVVY

Y161 nnn 90¢T IPLPVN 018¢YI-V 8601 LPLPNNN 608CY1-V YICIL-AV
NOVVVVANDAVVVVV NNNVOVVANNNIVVVY NOVVVVANDAVVVVV

eIsT nno cocT LPLPVVYV 808¢Y1-V L60T LPLPNNOD LOBCYI-V eIcIL-av
NVVVVVANVVANNNNN VVVANVVANNNNVIVY NAVVVVVANVVANNNNN

(419! nnn YOE1 LPLPNND 908Cr1-V 9601 LPLPNNN SO8CYI-vV cIelIL-av
nNnNHOHHNDBNDNNVOVY NVVIOVOVIDIOVVVVVV nNNHSHONOBNDNNVOVY

T161 DNH £0¢cT LPLPVOD YO8TY1-V S601 LPLPVD 08CYI-V 11¢1L-av
NNVOVVNIIDVVIIIDN DOHNNDOHVNANDNVVIOVA NNVHOVVNIIVVIIIDN

0161 00 01 IPLPNDD c08Tr1-v 601 IPLPVO 108¢v1-V 01¢1L-av
YVOD2IDNVIONINIDIV DVDVHONVODHDNNDN YVIO02IDNVIININIDIV

60¢ST VOV 10¢1 IPLPNDN 86LCYI-V €601 IPLPVOV L6LTYI-V 60¢1L-AV
DNVAVOINVIDIIOVVIV NHOOHOHNVOHNVNVONDN DNVAVOINVIIIIVVIV

80ST 108 00¢1 IPLPDND 96LCY1-V 2601 LPLPVDD SoLCYI-V 80CTL-AV
DVVIOVDDOHVVIDIIVDI H5HDNNODINDNNDODN DVVIOVDDDVYVIDIDVDI

LOST voO 66<¢1 LPLPDND YoLTYI-V 1601 LPLPVDD LOLY -V LOTTL-AV
DOVIVIDVONNVIDOVD DNVVHNODNDNDDOHDN DOVIVOOHVONNVIDVD

90¢T DVD 86¢CI IPLPNND CoLTYI-V 0601 IPLPVVD 16LTY1-V 90¢T1L-AV
NNVIDVOIDVVIIIIVYV H5ODNNDDNODNVYDNN NNVODVIDVVIIDIOVY

SOST 108 Le6cl LPLPVIOD 06LTYI-V 6801 LPLPVDD 68LCVI-V C0TIL-aVv
JVVVDVVDOHVONODDN HVDHNOONNIDNNNDHDN JVVVDVYVDDHVDONODDN

Y051 DVD 96¢1 IPLPVDD 88LIYI-V 8801 IPLPVVD L8LTYI-V YOC1L-AV
NOHHNDDODHVNVIIIN DNVNIDOHOHVIODVDNN NIHHDHNDODHIHVNIVIIIN

£0ST DOD SocCl IPLPOVD 98LTYI-V L8OT IPLPVOD C8LTYI-V 01 L-aVv
VAVOOI2NIDVINNINY yvDNOOHVvVOHOHHDHNVNOIDN VNVOOONIDVINNINY

136



WO 2016/209862

PCT/US2016/038616

Table 8. GCK Single Dose Screen in Primary Cynomolgus Hepatocytes

DuplexID 20nM_AVG 20nM_STDEV
AD-71009 91.7 8.2
AD-71010 85.5 11.8
AD-71011 101.4 19.6
AD-71012 96.3 20.8
AD-71013 102.8 21.7
AD-71014 105.3 47.3
AD-71015 32.6 6.6
AD-71016 98.7 19.1
AD-71017 64.1 16.4
AD-71018 45.9 12.8
AD-71019 39.6 &5
AD-71020 89.2 239
AD-71021 60.4 7.7
AD-71022 100.8 12.7
AD-71023 97.4 33
AD-71024 60.6 18.8
AD-71025 31.1 9
AD-71026 33.6 10.5
AD-71027 46.3 14.6
AD-71028 35.6 9.6
AD-71029 35.6 15.9
AD-71030 30.4 7.9
AD-71031 107.2 29
AD-71032 78.4 15.7
AD-71033 71.8 13.9
AD-71034 39.7 14.3
AD-71035 46.8 11.4
AD-71036 77.6 21.3
AD-71037 37.4 15.2
AD-71038 48.8 19.6
AD-71039 70.1 9.5
AD-71040 65.9 16.2
AD-71041 94.8 18.6
AD-71042 108.4 24.2
AD-71043 35.8 12.2
AD-71044 46.6 10.9
AD-71045 39.4 9.5
AD-71046 353 39
AD-71047 82 24.4
AD-71048 39.8 10.1
AD-71049 95.3 6.8
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AD-71050 151.2 22.4
AD-71051 54 13.5
AD-71052 48.7 8.1

AD-71053 44 10.7
AD-71054 534 8.8
AD-71055 39.8 94
AD-71056 51.8 34

AD-71057 71 7.1

AD-71058 38.9 3.6
AD-71059 78.1 17.8
AD-71060 54 14.4
AD-71061 108.4 27.2
AD-71062 69.4 6.7
AD-71063 35.1 11

AD-71064 53.1 13.8
AD-71065 94 11.6
AD-71066 149.2 13.3
AD-71067 50.8 15.2
AD-71068 113.4 23.7
AD-71069 44.9 6.4
AD-71070 112.3 24.3
AD-71071 32.7 53
AD-71072 40.1 10.2
AD-71073 53 12.5
AD-71074 135.4 253
AD-71075 100.8 31.5
AD-71076 35.6 7.3
AD-71077 26.9 4.7
AD-71078 54.4 11.8
AD-71079 48 6.2
AD-71080 96.1 6

AD-71081 105.4 7.9
AD-71082 127 20

AD-71083 117.2 33.2
AD-71084 124.4 20.7
AD-71085 78.5 6.6
AD-71086 30.2 12.7
AD-71087 44.2 2

AD-71088 92.9 21.9
AD-71089 36.1 13.7
AD-71090 40 3.6
AD-71091 58 33
AD-71092 62.3 14.9
AD-71093 58.6 18.2
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AD-71094 82.7 22.9
AD-71095 116.8 27.6
AD-71096 40.3 11.8
AD-71097 26.6 6.9
AD-69448 349 9.3
AD-71098 50.4 7.4
AD-71099 50.7 18.4
AD-71100 23.8 1.7
AD-71101 70.7 18.1
AD-71102 37.2 55
AD-71103 98.3 17.6
AD-71104 78.8 22.8
AD-71105 29.6 6.1
AD-71106 26.1 8.1
AD-71107 54.4 9.2
AD-71108 143.2 28.5
AD-71109 116.6 15.9
AD-71110 107.3 21.5
AD-71111 36.8 9

AD-71112 76.4 19.7
AD-71113 71.7 12.9
AD-71114 94.8 22.5
AD-71115 43.3 12.3
AD-71116 58.7 7.9
AD-71117 26.9 7.1
AD-71118 74 15.8
AD-71119 33.8 12.9
AD-71120 30.5 4.3
AD-71121 51.8 7.6
AD-71122 71.8 20.4
AD-71123 45.6 12.4
AD-71124 156.4 6.6
AD-71125 55.4 6.2
AD-71126 102.3 &5
AD-71127 107.8 18.2
AD-71128 95.6 19
AD-71129 51.6 16.7
AD-71130 28.4 10.3
AD-71131 49 6.5
AD-71132 127.7 25.6
AD-71133 157.5 17.4
AD-71134 38 11.1
AD-71135 62.6 7.6
AD-71136 141.6 20.3
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AD-71137 55.9 6.4
AD-71138 37.9 5

AD-71139 125.8 27.6
AD-71140 41.8 2.5
AD-71141 32.8 6.7
AD-71142 40.4 11.5
AD-71143 177.4 27.3
AD-71144 535 9.1
AD-71145 41.3 27

AD-71146 105.9 13.9
AD-71147 98.2 27.5
AD-71148 73.6 8.9
AD-71149 159 24.3
AD-71150 157.9 31.1
AD-71151 131.4 4.3
AD-71152 98.2 25.2
AD-71153 66.6 23

AD-71154 134.8 11.9
AD-71155 52.8 4.2
AD-71156 111.4 43.9
AD-71157 37.6 7.7
AD-71158 83.3 16.9
AD-71159 33.7 7.3
AD-71160 44.2 7.2
AD-71161 159.1 283
AD-71162 137.2 20.9
AD-71163 23.4 54
AD-71164 27.7 2.6
AD-71165 38.1 8

AD-71166 46.4 11.4
AD-71167 53.1 17.6
AD-71168 130.3 14
AD-71169 95.8 24.4
AD-71170 108.8 15.4
AD-71171 57.6 53
AD-71172 75 26.8
AD-71173 87.3 24
AD-71174 62.7 24.2
AD-71175 83.6 25.8
AD-71176 26.7 3.5
AD-71177 31 4.7
AD-71178 114.6 20
AD-71179 101.9 259
AD-71180 114 12.4
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AD-71181 38.2 10.1
AD-71182 32.3 3.2
AD-71183 49.9 7.4
AD-71184 60.6 6.7
AD-71185 30 3

AD-71186 55.7 16.3
AD-71187 72.8 15.2
AD-71188 32.1 2.2
AD-71189 76.4 13.9
AD-71190 34.2 9.1

AD-71191 51.7 9.5
AD-71192 87.5 8.3
AD-71193 110.2 20.9
AD-71194 56.9 12.6
AD-71195 63.1 25.2
AD-71196 38.1 103
AD-71197 34 9.8
AD-71198 108.1 12

AD-71199 117.9 11.5
AD-71200 50.1 12.3
AD-71201 38.2 5.8
AD-71202 73.9 3.6
AD-71203 110.3 9.2
AD-71204 140 11

AD-71205 35.8 4.5
AD-71206 28 12.1
AD-71207 22.4 11

AD-71208 54.6 10.9
AD-71209 40.6 14.9
AD-71210 41.5 6.3
AD-71211 54.4 16

AD-71212 122.4 20.7
AD-71213 111.4 13.7
AD-71214 120.1 19.5
AD-71215 98 11.7
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We claim:

1. A double stranded ribonucleic acid (RNA1) agent for inhibiting
expression of a glucokinase (GCK) gene, wherein said double stranded RNA1 agent
comprises a sense strand and an antisense strand, wherein said sense strand comprises at
least 15 contiguous nucleotides differing by no more than 3 nucleotides from the
nucleotide sequence of SEQ ID NO:1 and said antisense strand comprises at least 15
contiguous nucleotides differing by no more than 3 nucleotides from the nucleotide
sequence of SEQ ID NO:13.

2. A double stranded ribonucleic acid (RNA1) agent for inhibiting
expression of a glucokinase (GCK) gene, wherein said double stranded RNA1 agent
comprises a sense strand and an antisense strand, the antisense strand comprising 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 any of
Tables 2, 3, 6, and 7.

3. The double stranded RNAi agent of claim 1 or 2, wherein said double

stranded RNAi agent comprises at least one modified nucleotide.

4. The double stranded RNAi agent of claim 1 or 2, wherein no more than

four of the nucleotides of the sense strand are unmodified nucleotides.

5. The double stranded RNAi agent of any one of claims 1-4, wherein no

more than four of the nucleotides of the antisense strand are unmodified nucleotides.

6. The double stranded RNAi1 agent of any one of claims 1-5, wherein all of

the nucleotides of the sense strand are modified nucleotides.

7. The double stranded RNAi1 agent of any one of claims 1-6, wherein all of

the nucleotides of the antisense strand are modified nucleotides.
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8. A double stranded ribonucleic acid (RNA1) agent for inhibiting
expression of a glucokinase (GCK) gene, wherein said double stranded RNA1 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 the nucleotide sequence of SEQ ID NO:1 and said
antisense strand comprises at least 15 contiguous nucleotides differing by no more than
3 nucleotides from the nucleotide sequence of SEQ ID NO:13,

wherein substantially all of the nucleotides of said sense strand and substantially
all of the nucleotides of said antisense strand are modified nucleotides, and

wherein said sense strand is conjugated to a ligand attached at the 3’-terminus.

9. The double stranded RN A1 agent of claim 8, wherein all of the
nucleotides of said sense strand and all of the nucleotides of said antisense strand

comprise a modification.

10. The double stranded RN A1 agent of any one of claims 3 and 6-9, 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 unlocked
nucleotide, a conformationally restricted nucleotide, a constrained ethyl nucleotide, an
abasic nucleotide, a 2’-amino-modified nucleotide, a 2’-O-allyl-modified nucleotide, 2’-
C-alkyl-modified nucleotide, 2’-hydroxly-modified nucleotide, a 2’-methoxyethyl
modified nucleotide, a 2°-O-alkyl-modified nucleotide, a morpholino nucleotide, a
phosphoramidate, a non-natural base comprising nucleotide, a tetrahydropyran modified
nucleotide, a 1,5-anhydrohexitol modified nucleotide, a cyclohexenyl modified
nucleotide, a nucleotide comprising a 5'-phosphorothioate group, a nucleotide
comprising a 5'-methylphosphonate group, a nucleotide comprising a 5’ phosphate or 5’
phosphate mimic, a nucleotide comprising vinyl phosphate, a nucleotide comprising
adenosine-glycol nucleic acid (GNA), a nucleotide comprising thymidine-glycol nucleic
acid (GNA) S-Isomer, a nucleotide comprising 2-hydroxymethyl-tetrahydrofurane-5-
phosphate, a nucleotide comprising 2’-deoxythymidine-3’phosphate, a nucleotide
comprising 2’-deoxyguanosine-3’-phosphate, and a terminal nucleotide linked to a

cholesteryl derivative or a dodecanoic acid bisdecylamide group.
11. The double stranded RN A1 agent of any one of claims 3 and 6-10,

wherein at least one of said modified nucleotides is selected from the group consisting of

2’-O-methyl and 2’fluoro modifications.
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12. The double stranded RNA1 agent of any one of claims 1-11, further

comprising at least one phosphorothioate internucleotide linkage.

13. The double stranded RNA1 agent of claim 12, wherein the dsSRNA comprises

6-8 phosphorothioate internucleotide linkages.

14. The double stranded RN A1 agent of any one of claims 1-13, wherein the

region of complementarity is at least 17 nucleotides in length.

15. The double stranded RN A1 agent of any one of claims 1-13, wherein the

region of complementarity is 19-21 nucleotides in length.

16. The double stranded RN A1 agent of claim 15, wherein the region of

complementarity is 21 nucleotides in length.

17. The double stranded RN A1 agent of claim 15, wherein the region of

complementarity is 19 nucleotides in length.

18. The double stranded RN A1 agent of any one of claims 1-16, wherein the

region of complementarity is 21-23 nucleotides in length.

19. The double stranded RN A1 agent of any one of claims 1-18, wherein each

strand is no more than 30 nucleotides in length.

20. The double stranded RN A1 agent of any one of claims 1-19, wherein at

least one strand comprises a 3’ overhang of at least 1 nucleotide.

21. The double stranded RN A1 agent of any one of claims 1-20, wherein at

least one strand comprises a 3’ overhang of at least 2 nucleotides.

22. The double stranded RN A1 agent of any one of claims 1-21, further

comprising a ligand.

23 The double stranded RN A1 agent of claim 22, wherein the ligand is
conjugated to the 3’ end of the sense strand of the double stranded RNAi agent.

24. The double stranded RN A1 agent of claim 22, wherein the ligand is an N-

acetylgalactosamine (GalNAc) derivative.
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25. The double stranded RN A1 agent of claim 24, wherein the ligand is

Ho O
Q H H
HO%O\/\/\M/N\/\/N

o) o)
ho OH
: C
HO O\/\/\N,N/\/\N o)
AcHN 5 H H

26. The double stranded RN A1 agent of claim 23, wherein the double

stranded RNAi agent is conjugated to the ligand as shown in the following schematic

OH

HO 0 N>"NTO
o Iy H

and, wherein X is O or S.

27. The double stranded RN A1 agent of claim 26, wherein the X is O.

28. The double stranded RNAi agent of claim 2, wherein the region of
complementarity consists of any one of the antisense sequences of any one of Tables 2 ,

3,6,and 7.

29. A cell containing the double stranded RNAi agent of any one of claims 1-
28.
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30. A pharmaceutical composition for inhibiting expression of a glucokinase

(GCK) gene comprising the double stranded RN A1 agent of any one of claims 1-28.

31. The pharmaceutical composition of claim 30, further comprising a lipid

formulation.

32. A method of inhibiting expression of a glucokinase (GCK) gene in a cell,
the method comprising:

(a) contacting the cell with the double stranded RN A1 agent of any one of

claims 1-28 or the pharmaceutical composition of claim 30; and

(b) maintaining the cell produced in step (a) for a time sufficient to obtain

degradation of the mRNA transcript of a GCK gene, thereby inhibiting

expression of the GCK gene in the cell.

33. The method of claim 32, wherein said cell is within a subject.
34. The method of claim 33, wherein the subject is a human.
35. The method of claim 34, wherein the human subject suffers from a

disease or disorder that would benefit from reduction in GCK expression.

36. The method of claim 35, wherein the disease or disorder is a glycogen
storage disease (GSD)

37. The method of claim 36, wherein the glycogen storage disease (GSD) is
type Ia GSD.

38. The method of any one of claims 32-37, wherein the GCK expression is
inhibited by at least about 30%.

39. A method of treating a subject having a disease or disorder that would
benefit from reduction in expression of a glucokinase (GCK) gene, comprising
administering to the subject a therapeutically effective amount of the double stranded
RNAI agent of any one of claims 1-28 or the pharmaceutical composition of claim 30,

thereby treating said subject.
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40. A method of preventing at least one symptom in a subject having a
disease or disorder that would benefit from reduction expression of a glucokinase (GCK)
gene, the method comprising administering to the subject a prophylactically effective
amount of the double stranded RNA1 agent of any one of claims 1-28 or the
pharmaceutical composition of claim 30, thereby preventing at least one symptom in the

subject having a disorder that would benefit from reduction in GCK expression.

41. The method of claim 39 or 40, wherein the disease or disorder is a

glycogen storage disease (GSD).

42. The method of claim 41, wherein the glycogen storage disease (GSD) is
type Ia GSD.

43. The method of claim 39 or 40, wherein the administration of the double
stranded RNA1 agent to the subject causes an increase in serum glucose levels and/or a

decrease in GCK protein accumulation.

44. A method of inhibiting the expression of a glucokinase (GCK) gene in a
subject, the method comprising

administering to said subject a therapeutically effective amount of the double
stranded RNAi agent of any one of claims 1-28 or the pharmaceutical composition of

claim 30, thereby inhibiting the expression of GCK 1n said subject.

45. A method of increasing the blood glucose levels in a subject having a
disease or disorder that would benefit from reduction in GCK expression, the method
comprising

administering to said subject a therapeutically effective amount of the double
stranded RNAi agent of any one of claims 1-28 or the pharmaceutical composition of

claim 30, thereby increasing the blood glucose levels in said subject.

46. A method of decreasing plasma lactate levels in a subject having a
disease or disorder that would benefit from reduction in GCK expression, the method
comprising

administering to said subject a therapeutically effective amount of the double
stranded RNAi agent of any one of claims 1-28 or the pharmaceutical composition of

claim 30, thereby decreasing plasma lactate levels in said subject.
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47. A method of decreasing plasma uric acid levels in a subject having a
disease or disorder that would benefit from reduction in GCK expression, the method
comprising

administering to said subject a therapeutically effective amount of the double
stranded RNAi agent of any one of claims 1-28 or the pharmaceutical composition of

claim 30, thereby decreasing plasma uric acid levels in said subject.

48. A method of decreasing plasma triglyceride levels in a subject having a
disease or disorder that would benefit from reduction in GCK expression, the method
comprising

administering to said subject a therapeutically effective amount of the double
stranded RNAi agent of any one of claims 1-28 or the pharmaceutical composition of

claim 30, thereby decreasing plasma triglyceride levels in said subject.

49. A method of decreasing total plasma cholesterol levels in a subject
having a disease or disorder that would benefit from reduction in GCK expression, the
method comprising

administering to said subject a therapeutically effective amount of the double
stranded RNAi agent of any one of claims 1-28 or the pharmaceutical composition of

claim 30, thereby decreasing total plasma cholesterol levels in said subject.

50. A method of decreasing hepatomegaly in a subject having a disease or
disorder that would benefit from reduction in GCK expression, the method comprising

administering to said subject a therapeutically effective amount of the double
stranded RNAi agent of any one of claims 1-28 or the pharmaceutical composition of

claim 30, thereby decreasing hepatomegaly in said subject.

51. The method of any one of claims 45-50 wherein the disease or disorder is

a glycogen storage disease (GSD).

52. The method of claim 51, wherein the glycogen storage disease (GSD) is
type Ia GSD.

53. The method of any one of claims 39, 40 and 44-50, further comprising

administering a sodium-glucose co-transporter 2 (SGLT2) inhibitor to the subject.
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54. The method of claim 53, wherein the SGLT2 inhibitor is selected from
the group consisting of Dapagliflozin, Canagliflozin, Ipragliflozin (ASP-1941),
Tofogliflozin, Empagliflozin, Sergliflozin etabonate, Remogliflozin etabonate
(BHV091009), and Ertugliflozin (PF-04971729 / MK-8835).

149



International application No.

INTERNATIONAL SEARCH REPORT PCT/US2016/038616
Box No. | Nucleotide and/or amino acid sequence(s) (Continuation of item 1.c of the first sheet)
1. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international search was

carried out on the basis of a sequence listing:
a. forming part of the international application as filed:
in the form of an Annex C/ST.25 text file.

D onh paper or in the form of an image file.

b. furnished together with the international application under PCT Rule 13ter.1(a) for the purposes of international search
only in the form of an Annex C/ST.25 text file.

c. D furnished subsequent to the international filing date for the purposes of international search only:

I:l in the form of an Annex G/ST.25 text file (Rule 13ter.1(a)).

D on paper or in the form of an image file (Rule 13ter.1(b) and Administrative Instructions, Section 713).

2. D In addition, in the case that more than one version or copy of a sequence listing has been filed or furnished, the required
statements that the information in the subsequent or additional copies is identical to that forming part of the application as
filed or does not go beyond the application as filed, as appropriate, were furnished.

3. Additional comments:

Form PCT/ISA/210 (continuation of first sheet (1)) (January 2015)




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2016/038616

A. CLASSIFICATION OF SUBJECT MATTER

INV. CI2N15/113
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

C12N

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-Internal, EMBASE, BIOSIS, WPI Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

X M. GOLDSWORTHY ET AL.:

DIABETES,

us

Y the whole document

"Role of the
transcription factor Sox4 in insulin
secretion and impaired glucose tolerance",

vol. 57, no. 8, 1 August 2008 (2008-08-01)
, pages 2234-2244, XP055304078,

ISSN: 0012-1797, DOI: 10.2337/db07-0337

1-35,
38-40,
43,44

30,31,
33-35,
39,40,
43-45

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

27 September 2016

Date of mailing of the international search report

05/10/2016

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Macchia, Giovanni

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2016/038616

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A

GINTAUTAS GRABAUSKAS ET AL.: "Essential
elements for glucosensing by gastric vagal
afferents: immunocytochemistry and
electrophysiology studies in the rat",
ENDOCRINOLOGY,

vol. 154, no. 1,

1 January 2013 (2013-01-01), pages
296-307, XP055304143,

I

ISSN: 0013-7227, DOI: 10.1210/en.2012-1382
the whole document

J.R. BAIN ET AL.: "An Adenovirus vector
for efficient RNA interference-mediated
suppression of target genes in insulinoma
cells and pancreatic islets of
Langerhans",

DIABETES,

vol. 53, no. 9,

1 September 2004 (2004-09-01), pages
2190-2194, XP055304096,

I

ISSN: 0012-1797, DOI:
10.2337/diabetes.53.9.2190

the whole document

B.E. LEVIN ET AL.: "Ventromedial
hypothalamic Glucokinase is an important
mediator of the counterregulatory response
to insulin-induced hypoglycemia",
DIABETES,

vol. 57, no. 5, 1 May 2008 (2008-05-01),
pages 1371-1379, XP055304080,

I

ISSN: 0012-1797, DOI: 10.2337/db07-1755
the whole document

L. KANG ET AL: "Glucokinase Is a Critical
Regulator of Ventromedial Hypothalamic
Neuronal Glucosensing",

DIABETES,

vol. 55, no. 2,

1 February 2006 (2006-02-01), pages
412-420, XP055304086,

I

ISSN: 0012-1797, DOI:
10.2337/diabetes.55.02.06.db05-1229

the whole document

US 20057009129 Al (RIZZO MARK A. [US];
PISTON DAVID W. [US])

13 January 2005 (2005-01-13)

page 5 - paragraph [0052]

the whole document

1-54

1-54

30,31,
33-35,
39,40,
43-45

1-21,
23-35,
39,40,
43,44

1-54

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2




INTERNATIONAL SEARCH REPORT

International application No
Information on patent family members

PCT/US2016/038616
Patent document Publication Patent family Publication
cited in search report date member(s) date

US 2005009129 Al 13-01-2005  NONE

Form PCT/ISA/210 (patent family annex) (April 2005)



	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - description
	Page 42 - description
	Page 43 - description
	Page 44 - description
	Page 45 - description
	Page 46 - description
	Page 47 - description
	Page 48 - description
	Page 49 - description
	Page 50 - description
	Page 51 - description
	Page 52 - description
	Page 53 - description
	Page 54 - description
	Page 55 - description
	Page 56 - description
	Page 57 - description
	Page 58 - description
	Page 59 - description
	Page 60 - description
	Page 61 - description
	Page 62 - description
	Page 63 - description
	Page 64 - description
	Page 65 - description
	Page 66 - description
	Page 67 - description
	Page 68 - description
	Page 69 - description
	Page 70 - description
	Page 71 - description
	Page 72 - description
	Page 73 - description
	Page 74 - description
	Page 75 - description
	Page 76 - description
	Page 77 - description
	Page 78 - description
	Page 79 - description
	Page 80 - description
	Page 81 - description
	Page 82 - description
	Page 83 - description
	Page 84 - description
	Page 85 - description
	Page 86 - description
	Page 87 - description
	Page 88 - description
	Page 89 - description
	Page 90 - description
	Page 91 - description
	Page 92 - description
	Page 93 - description
	Page 94 - description
	Page 95 - description
	Page 96 - description
	Page 97 - description
	Page 98 - description
	Page 99 - description
	Page 100 - description
	Page 101 - description
	Page 102 - description
	Page 103 - description
	Page 104 - description
	Page 105 - description
	Page 106 - description
	Page 107 - description
	Page 108 - description
	Page 109 - description
	Page 110 - description
	Page 111 - description
	Page 112 - description
	Page 113 - description
	Page 114 - description
	Page 115 - description
	Page 116 - description
	Page 117 - description
	Page 118 - description
	Page 119 - description
	Page 120 - description
	Page 121 - description
	Page 122 - description
	Page 123 - description
	Page 124 - description
	Page 125 - description
	Page 126 - description
	Page 127 - description
	Page 128 - description
	Page 129 - description
	Page 130 - description
	Page 131 - description
	Page 132 - description
	Page 133 - description
	Page 134 - description
	Page 135 - description
	Page 136 - description
	Page 137 - description
	Page 138 - description
	Page 139 - description
	Page 140 - description
	Page 141 - description
	Page 142 - description
	Page 143 - claims
	Page 144 - claims
	Page 145 - claims
	Page 146 - claims
	Page 147 - claims
	Page 148 - claims
	Page 149 - claims
	Page 150 - claims
	Page 151 - wo-search-report
	Page 152 - wo-search-report
	Page 153 - wo-search-report
	Page 154 - wo-search-report

